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ABBREVIATIONS USED 
 
AETG:   Aquatic Ecosystem Task Group. 
AHD:   Australian Height Datum. 
AIC:  Akaikeʼs Information Criterion. 
ALUM (V6):  Australian LandUse Mapping (Version 6). 
AM:   Adaptive Management. 
AMTD:  Adopted Middle Thread Distance. 
ANAE:   Australian National Aquatic Ecosystems. 
ANCOVA: Analysis of Covariance. 
APET:  Aerial Potential Evapotranspiration. 
AR4:  Fourth Assessment Project of the IPPC. 
AWRC:  Australian Water Resources Council. 
BBN:   Bayesian Belief Network. 
BFI:   Base Flow Index. 
BRT:  Boosted Regression Tree. 
CDF:   Cumulative Probability/Distribution Function. 
CDI:   Catchment Disturbance Index. 
CENRM:  Centre of Excellence in Natural Resource Management. 
Chl a:  Chlorophyll a. 
C:N:  Ratio of Carbon to Nitrogen. 
CPT:   Conditional Probability Tables. 
CRC:  Cooperative Research Centre. 
CSIRO:  Commonwealth Scientific and Industrial Research Organisation. 
CTM:  Critical Thermal Method. 
CTmax:  Critical thermal maximum. 
DEM:   Digital Elevation Model. 
DERM:  Department of Environment and Resource Management (Queensland 

Government). 
DNA:  Deoxyribonucleic Acid. 
DoW:   Department of Water (Western Australian Government). 
DSEWPaC:  Department of Sustainability, Environment, Water, Population and Communities 

(Commonwealth Government). 
DVM:  Death Valley Model. 
EAE:   Ecological Assessment Endpoint. 
EFAP:   Environmental Flow Assessment Program (QLD). 
ELOHA:  Ecological Limits of Hydrological Alteration. 
EPBC (Act):  Environmental Protection and Biodiversity Conservation (Act). 
ERA:   Ecological Risk Assessment. 
ERRIS:   Environmental Research Institute of the Supervising Scientist. 
EVI:  Enhanced Vegetation Index. 
FARWH:  Framework for Assessing River and Wetland Health. 
FEFLOW: Finite Element Subsurface FLOW system. 
FRDI:   Flow Regime Disturbance Index. 
FRV:  Fitzroy River Valley. 
FST:  Writeʼs Fixation Index (Write, 1965). 
GCM:  Global Climate Model. 
GIS:   Geographical Information System. 
GLM:  Generalised Linear Model. 
GPP:  Gross Primary Productivity. 
GROP:  Gulf Resources Operating Plan. 
GW-SW: Groundwater-surface water (interaction). 
HCVAE:  High Conservation Value Aquatic Ecosystems. 
HCVAE99:  High Conservation Value Aquatic Ecosystems meeting one or more of the 

framework criteria at the 99th percentile. 
HD:  Hydrodynamic Model. 
HEVAE:  High Ecological Value Aquatic Ecosystem. 
HSM:   Habitat Suitability Model. 
HWM:  Head Water Model. 
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HWMP:  Healthy Waters Management Plan (QLD). 
IBD:  Isolated By Distribution (model). 
IBRA:   Interim Biogeographic Regionalisation for Australia. 
Ikonos:  High resolution satellite imagery. 
ILT:  Incipient Lethal Temperature. 
IPCC:   Intergovernmental Panel on Climate Change. 
IQQM:  Integrated Quantity and Quality Hydraulic Model. 
IUCN:   International Union for Conservation of Nature. 
LandSat:  Land Satellite Imagery. 
LOE  Loss of Equilibrium. 
LiDAR:   Light Detection and Ranging (optical emote sensing technology). 
LRR:  Loss of Righting Response. 
LTM:  LandSat Thermatic Mapper. 
MDIA:   Mareeba-Dimbulah Irrigated Agriculture. 
MDWSS:  Mareeba-Dimbulah Water Supply Scheme. 
MEA:   Millennium Ecosystem Assessment. 
MIKE11: A suite of hydrological modelling tools. 
MINDEX:  Mine and Mineral Deposit Information. 
MINOCC:  Mineral Occurrence. 
MODAT:  Mineral Occurrence Database. 
MODIS:  Moderate Resolution Imaging Spectroradiometer (e.g. MODIS 250m EVI). 
MSE:   Management Strategy Evaluation. 
mtDNA: Mitochondrial DNA. 
N:  Nitrogen. 
NALWT: National Australian Land and Water Taskforce. 
NAM:  A rainfall-runoff model. 
NASA:   National Aeronautics and Space Administration. 
NASY:  Northern Australian Sustainable Yields. 
NAWFA:  Northern Australia Water Futures Assessment. 
NAWFA1:  Previous Northern Australia Water Futures Assessment Ecological Project 

(Kennard, 2010; 2011). 
NAWFA2:  This Northern Australia Water Futures Assessment Ecological Project (Close et 

al., 2012). 
NDVI:  Normalized Difference Vegetation Index (band ratio). 
NERP:   National Environmental Research Program. 
NIR:  Near Infrared. 
NGRMG:  Northern Gulf Resource Management Group. 
NPF:   Northern Prawn Fisheries. 
NRETAS:  Natural Resources, Environment, The Arts and Sport (Northern Territory 

Government). 
NRM:   Natural Resource Management. 
NT:   Northern Territory. 
NVIS:   Native Vegetation Information System. 
NWC:   National Water Commission. 
m.a.s.l.:  metres above sea level. 
MDS:  Multidimensional Scaling. 
OBIA:  Object Based Image Analysis. 
OM:   Operating Model. 
OS:  Onset of Spasms. 
OzClim:  Climate Change Scenario Generator for Australia. 
P:  Phosphorous. 
PAN:  Panmixia (model). 
Pc:   Probability of Combine Risk. 
PDF:   Probability Density Function. 
PET:   Potential Evapotranspiration. 
QERA:   Quantitative Ecological Risk Assessment. 
QLD:   Queensland. 
RAMSAR:  Convention on wetlands of international importance especially as waterfowl 

habitat. 
RAP:  River Analysis Package. 
RDI:   River Disturbance Index. 
ROP:   Resource Operation Plan (QLD). 
RRM:   Relative Risk Model. 
SAR:   South Alligator River. 
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SEQ:   Southeast Queensland. 
SHM:  Stream Hierarchy Model. 
SKM:   Sinclair Knight Merz. 
SLR:   Sea Level Rise. 
SLR1:   Sea Level Rise of one metre. 
SLR2:   Sea Level Rise of two metres. 
SMSY:  Spawning Stock Size at which Minimum Sustainable Yield is reached. 
SRTM:   Shuttle Radar Topography Mission. 
SymHyd: Simple Hydrology (rainfall-runoff model). 
TDS:   Total Dissolved Solids. 
TRaCK:  Tropical Rivers and Coastal Knowledge. 
TRARC: Tropical Rapid Appraisal of Riparian Condition. 
TRR:   Total Relative Risk (ranking). 
TRIAP:   Tropical Rivers Inventory and Assessment Project. 
UWA:   The University of Western Australia. 
WA:   Western Australia. 
WAVES: Soil-Vegetation-Atmosphere-Transfer Model (energy and water balance model). 
WRP:   Water Resource Plan (QLD). 
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EXECUTIVE SUMMARY 
 

1.1 PROJECT BACKGROUND, SCOPE AND OBJECTIVES  

1.1.1 THE NORTHERN AUSTRALIA WATER FUTURES ASSESSMENT 
The Northern Australia Water Futures Assessment (NAWFA) is a five-year multidisciplinary 
program, jointly delivered by the National Water Commission (NWC) through the Department of 
Sustainability, Environment, Water, Populations and Communities (DSEWPaC). 

The overarching objective of the NAWFA is to create an enduring Knowledge Base that provides 
essential information on the water resources in the northern Australia landscape and the watering 
needs of key ecosystem, community and cultural assets.  

This project falls under the Ecological Program of NAWFA, which seeks to understand aquatic 
ecological assets across northern Australia and the risks to the values of those assets arising 
from changes in the hydrological regime.  

 

1.1.2 OBJECTIVES 
The objective of this project is to gain a comprehensive understanding of the likely impacts 
(including cumulative) of possible development and climate change on northern Australian aquatic 
ecological assets. 

This project had six broad aims:  

 

1. Describe and characterise the surface and ground-water regimes, geomorphology and 
ecological processes of the assets/asset types including the groundwater/surface water 
interactions and system-wide issues; 

2. Identify the major human-related factors impacting upon the assets, their relationship to 
climate change and, where possible, separate the climate change impacts from the 
development impacts on the assets; 

3. Quantitatively model (including spatial analysis) and assess these likely impacts, 
including cumulative impacts, as they relate to longitudinal and lateral connectivity 
between assets and refugial waterholes; 

4. Develop conceptual models of asset-hydrology interaction and, based on these models, 
identify ecological thresholds of concern for the assets in terms of: ecological water 
requirements; key ecosystem processes; spatial analysis of habitat use by key fauna; 
and, modelling hydrological regimes and the relationship of flow alteration as ecological 
triggers; 
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1. Consider the relationship between the assets and their associated cultural and social 
values, and; 

2. Recommend management strategies and monitoring frameworks to assess and 
report on environmental change against these impacts and thresholds.  

 

A total of 42 individual, yet strongly linked, activities were undertaken in order to address the six 
aims above.  Using analysis, synthesis and modelling of existing data and knowledge (as well as 
the collection limited field data), this document provides new understanding and interpretation of 
the hydro-ecology of northern Australian aquatic ecosystems, and the potential risks to ecological 
and socio-cultural values from predicted climate change and development. 

The outcomes of this project will provide jurisdictional water planners in northern Australia with 
additional information on, and management strategies to address, these impacts that can be 
incorporated into future water management plans.  The inclusion of this information will increase 
the ability to manage and, where possible, mitigate the potential impacts of development and climate 
change in northern Australia. 

 

1.1.3 GEOGRAPHICAL SCOPE 
The geographical area considered by the NAWFA includes the key surface and groundwater 
systems and basins within the Timor Sea and Gulf of Carpentaria drainage divisions, and that part 
of the North East Coast Drainage Division to the north of Cairns (Figure 1).  This project provides 
new knowledge and interpretation of the risks associated with climate change and development 
across the NAWFA study region as well as those in 15 focus catchments (Figure 1). 

 

 

 
Figure 1.  The geographical area considered by the NAWFA Ecological Program defined 
by catchment boundaries and locations of focal catchments (grey) in northern Australia. 
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1.1.4 PROJECT TEAM 
This project was undertaken by a team of researchers within the Tropical Rivers and Coastal 
Knowledge Commonwealth Environmental Research Facility.  Institutions collaborating on the 
project included, the Centre of Excellence in Natural Resource Management (The University of 
Western Australia), the Commonwealth Scientific and Industrial Research Organisation (CSIRO), 
Griffith University, Charles Darwin University, James Cook University and the Environmental 
Research Institute of the Supervising Scientist (ERRIS).  The Project steering committee also 
contributed to sections of the report through State representatives of each jurisdiction: The 
Western Australian Department of Water; Northern Territory Department of Natural Resources, 
Environment, The Arts and Sport; Queensland Department of the Environment and Resource 
Management, and; the Commonwealth Department of Sustainability, Environment, Water, 
Population and Communities. 

1.2 OVERVIEW OF THE NAWFA STUDY REGION AND FOCUS 
CATCHMENTS 

1.2.1 THE NAWFA REGION 
The NAWFA region covers an area of 1.25 million km2 and includes 64 river basins representing a 
variety of both ephemeral and perennial flow types that support diverse and important biodiversity 
and socio-cultural values.  A number of groundwater basins occur across northern Australia, 
which have important interactions with some surface water systems, most notably the contribution 
of groundwater to perennial flows.  

The northern Australian landscape is generally of low relief.  Rivers in the central to western 
regions are generally bedrock controlled and flanked by discontinuous floodplains.  The low 
gradient rivers draining to the Gulf of Carpentaria are flanked by extensive alluvial plains.  To the 
east of the Great Dividing Range (i.e. the northern North-East Coast Drainage Division) steep 
coastal escarpments abut a narrow coastal plain and the rivers tend to be much shorter and 
steeper than those found elsewhere across northern Australia. 

Northern Australiaʼs climate is characterised by highly seasonal, summer-dominated rainfall, high 
temperatures and high evaporation rates.  Mean annual rainfall is highly variable across the 
region (range 400 – 4000 mm.year-1) and a large proportion of the study area is considered to be 
water limited.  Stream flow in northern Australia is considerably more seasonal and has a higher 
inter-annual variability, than do other world rivers of the same climate type.  Although there are 
notable exceptions, few rivers in the region are regulated and levels of catchment disturbance 
remain relatively low. 

 

1.2.2 WESTERN AUSTRALIAN CATCHMENTS 
The Kimberley region of Western Australia supports significant ecological, social-cultural and 
economic values.  The region supports high value ecological assets including relatively high 
biodiversity and endemism.  Given its remoteness, waterways in the region have typically low 
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levels of disturbance and are important representatives of natural systems in Australia and more 
generally internationally.  The area has a long history of Aboriginal occupation and waterway 
associated heritage and culturally important sites are numerous.  The region is rich in resources 
and mining activities represent a significant threat from increased water resource use, increased 
infrastructure and concentration of populations.  Although the impacts are relatively diffuse, other 
threats to waterways of the Kimberley region include, invasion of weeds and feral animals, 
grazing, and altered fire regimes. 

 

1.2.3 NORTHERN TERRITORY CATCHMENTS 
The Northern Territory includes a diverse range of both perennial and ephemeral waterways in 
remote and developed catchments.  Groundwater discharge is an important feature of some 
catchments, maintaining perennial flow during the dry season months.  Catchments, particularly 
those in the Top End, support a variety of ecological and social/cultural assets, including rare and 
threatened fauna and communities, important recreational and commercial fisheries, and 
significant indigenous cultural associations with the waterways.  Increasing pressure on Northern 
Territory waterways from mining, pastoral diversification and tourism, and their associated 
demands on water resources, represent significant threats.  Climate change, particularly sea level 
rise, also threatens the lower reaches of many river basins. 

The Daly River is under substantial pressure from the development of significant groundwater 
resources.  The Darwin Harbour catchments drain the developed Darwin hinterland and contain 
significant social and cultural assets to the local Indigenous and non-Indigenous community.  The 
Roper River, like the Daly, features significant groundwater influence and associated threats with 
the development of this water resource.  Rivers in the Top End, particularly the Adelaide, Mary, 
South and East Alligator and Arafura Swamp (Goyder and Gulbuwangay rivers) catchments are 
remote systems, with low gradients and extensive floodplains and coastal wetlands. 

 

1.2.4 QUEENSLAND CATCHMENTS 
Rivers in the gulf region of Queensland are connected by the Gulf Plains, which span the entire 
coastal region of the Gulf of Carpentaria.  In times of high rainfall, there is overflow between 
catchments although for most of the year the catchments are hydrologically isolated.  Aquatic 
ecosystems in each of the catchments are predominantly intermittent.  Ground water influence is 
significant.  

The Mitchell River remains largely unmodified and supports an ecologically diverse aquatic 
system reflecting the rich variety of habitats in a large river system with wet tropics, dry tropics 
and monsoonal influences.  The Gilbert River catchment is sparsely populated, in good ecological 
health and current levels of water resource use are low.  Groundwater discharge and hyporheic 
flows are ecological important components of the catchmentʼs hydrology that may be impacted by 
the further development of both groundwater and surface water resources.  Pastoral activities 
dominate landuse in the Norman River catchment and represent diffuse disturbance of the 
catchments waterways and wetlands, which are generally considered to be in ʻgoodʼ condition.  
Based on available information, the potential for future development appears relatively low.  The 
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greatest threats to the aquatic ecosystems in the Flinders River catchment appear to be land 
degradation (due to pastoral activities), exotic plant species, poorly managed fire and extraction of 
groundwater.  There are substantial risks to aquatic systems associated with future development 
of irrigated agriculture and mining.  The Leichardt River has high conservation significance 
through its listing as a ʻwild riverʼ. River flows are ephemeral, and ecological processes are 
supported by regular monsoon-derived flows.  Primary industries in the catchment include 
pastoralism and mining. Increased development of the water resource to support expansion of the 
mining industry represents a significant potential risk. 

Other important threats to aquatic ecosystems across the region include: grazing pressure and 
pastoral development; invasive species (weeds and feral animals); inter-basin transfer (Barron to 
Mitchell Catchments); fish stocking and translocation; fire regime change, and; water resource 
use and infrastructure.  Climate related rise in sea level is likely to represent a significant threat to 
the lower reaches of all rivers, particularly the Southern Gulf Aggregation. 

 

1.3 MAJOR PROJECT FINDINGS 

1.3.1 REVIEW OF BROAD SCALE SURFACE-GROUNDWATER INTERACTIONS IN 
NORTHERN AUSTRALIA INCLUDING THE DAMPIER PENINSULA IN 
WESTERN AUSTRALIA 

This review draws mainly from the extensive surface and groundwater studies carried out as part 
of the CSIRO Northern Australia Sustainable Yields (NASY) project and climate scenarios for 
northern Australia.  Additional information from the few detailed studies of surface-groundwater 
interactions that have been carried out in the Daly and Fitzroy catchments since the NASY project 
are also included.  The key findings were: 

 

1. Groundwater information is very scarce across northern Australia and for most of the 
region it is only possible to make broad scale assessments of groundwater resources and 
their recharge by surface drainage.  Preliminary estimates of diffuse recharge rates range 
between <1 mm yr-1 and >200 mm yr-1; with the lowest rates in the most arid regions with 
vertisol soils and annual grasses (e.g., much of the Flinders-Leichhardt region) and the 
highest rates generally associated with wet-tropic climates and more permeable soil 
types. 

2. Across northern Australia, more than 90% of annual rainfall and runoff typically occurs 
during the wet season and during this period groundwater recharge occurs via a 
combination of diffuse infiltration of rainfall, floodplain inundation and leakage from ʻlosingʼ 
streams and rivers.  In the subsequent dry season, river flows recede rapidly and the 
majority of surface water features cease to flow, or even dry completely, before the 
following wet season.  There are, however, several iconic perennial rivers in northern 
Australia that rely on significant groundwater input (up to 50%) through the dry season – 
notable inclusions are the Daly River and Roper River (NT), the Fitzroy River (WA) and 
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many of the rivers on Cape York peninsula (QLD).  Other regions where dry season flows 
are dependent on groundwater include the Kimberley, Ord-Bonaparte, Arafura, Northern 
Coral region and the South-West & South-East gulf regions. 

3. Potential changes in annual diffuse groundwater recharge due to climate change (relative 
to modelled historical recharge) are predicted to vary from +39% to -5%.  In terms of 
surface water features that are dependent (to some extent) upon groundwater discharge, 
the impacts of climate change will be more immediate than those which are fed by 
shallow, local unconfined aquifers (e.g. the Flinders-Leichhardt, Mitchell and Kimberley 
regions).  Conversely, the impacts of climate change will be delayed for surface water 
features that are fed by deep, regional aquifers (e.g. the Daly and Fitzroy regions).  In 
some areas with significant levels of current groundwater extraction (e.g. the Darwin 
Rural Area), despite increases in diffuse recharge under a future climate, groundwater 
levels are likely to continue to decline and may threaten a number of groundwater 
dependent ecosystems in the area. 

4. Development impacts on groundwater have been estimated in very few locations.  For 
example, in the Daly catchment with the high degree of interconnection between the Daly 
River and the adjacent aquifers, the greatest impacts on groundwater resources from 
increased development will occur in parts of aquifers that are distal to the rivers; that is, 
groundwater extraction will lead to large drawdown of water levels in the aquifers that 
cannot be mitigated through increased leakage from the rivers. 

5. From the brief review of the groundwater characteristics of the Dampier Peninsula in 
Western Australia, it is clear that many of the springs in this Peninsula are fed by 
groundwater and there are several possible mechanisms by which this occurs.  Progress 
in identifying which mechanisms apply to which springs could be made by (i) collating and 
analysing the disparate groundwater information associated with a number of production 
and observation bores on the Peninsula and (ii) the collection of water samples from the 
springs for hydro-chemical identification of the source aquifers. 

 

KNOWLEDGE GAPS 

Despite a broad general knowledge of the locations of significant groundwater discharge to rivers 
and streams in northern Australia, there are several fundamental knowledge gaps around the 
nature of interactions in complex geological environments, and how these systems will respond to 
potential future climate change and increased water resource development.  Specific examples 
that warrant focussed research include: 

 

• Mound Spring ecosystems on the Dampier Peninsula; 

• ʻrejected rechargeʼ and artesian springs from the Great Artesian Basin that sustain dry 
season flows in rivers on Cape York Peninsula, and; 

• spring-fed rivers in carbonate aquifers of the South East Gulf region. 
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1.3.2 REVIEW OF THE SURFACE WATER REGIMES IN KEY QUEENSLAND 
CATCHMENTS 

The analysis of the surface water regimes in four Queensland catchments (Leichardt, Flinders, 
Gilbert and Mitchell) was based on the rainfall-runoff modelling and IQQM river modelling carried 
out as part of the NASY project.  Climate change scenarios were also from the NASY project, as 
were the State prescribed water development entitlements for these catchments.  The key 
findings were: 

 

1. The Queensland rivers (Leichardt, Flinders, Gilbert and Mitchell) are highly seasonal and 
dominated by rainfall and flow that occur during the wet season.  These rivers are also 
prone to flooding in the wet season, but they also have long periods of zero flow in the dry 
season. 

2. The (theoretical) implementation of full use of existing water allocation entitlements in 
these Queensland rivers will generally increase the number of zero flow days experienced 
along the river, especially in the Leichardt catchment.  However, the impact on high flow 
threshold exceedence is much smaller, and again the Leichardt catchment appears to be 
the only one with significant reductions in high flows under development. 

3. The greatest impact on river system flows under full development will be felt in the 
Leichardt River, where abstractions would increase the loss of flow in the river by 43%.  
The equivalent figures for the other Queensland rivers are; Flinders (11%), Gilbert (5%) 
and Mitchell (5%). 

4. Any climate change in the region will bring additional perturbations to the flow in these 
rivers and these are summarised in the section below. 

 

KNOWLEDGE GAPS 

Much of the gauged river flow data in northern Australia is too poor in quality, or based on too 
short a duration of observations, for accurate discharge estimation, especially at high and low 
flows.  This is why we were unable to provide any reliable flow analysis for the Norman River.  
Substantial effort is required to (a) sustain and enhance current gauging stations in northern 
Australia and (b) carry out rigorous flow calibration, particularly at high and low flows. 

The river modelling and climate and development scenarios for Queensland are different from 
those used in other regions in northern Australia.  It is therefore recommended that future 
modelling of runoff be undertaken using a consistent and robust set of methods and scenarios.  In 
Queensland (and other regions in northern Australia) there is no comprehensive information on 
current levels of actual water use (rather than entitlements and/or permits).  Further effort is 
therefore required to establish current water use levels so that an assessment of current and 
future ecological impacts can be undertaken. 
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1.3.3 HYDRO-ECOLOGICAL LINKAGES AND HOW THESE MAY BE AFFECTED BY 
CLIMATE CHANGE AND/OR DEVELOPMENT 

Since flow requirements for the ecosystems and biota across northern Australia are largely 
unknown, we used the high (Q5) and low flow (Q90) standard metrics method, for a number of river 
nodes in a selection of catchments in Western Australia, Northern Territory and Queensland.  For 
each location, Q5 and Q90 were calculated using historical river flow data and the mean number of 
days above the historic Q90 and below the historic Q5 was then calculated for each of the future 
climate and/or development scenarios.  Where rivers are ephemeral, the number of days of zero 
flow under each scenario was also calculated.  The rates of rise and fall in stream flow were 
reported for the wet season months, as these could be related to fish migrations, habitat suitability 
and breeding events.  The impact of climate and development on specific species (e.g. turtles, 
fish and geese) was also examined where suitable flow thresholds existed.  The key findings 
were; 

 

1. Stream flow in northern rivers is extremely seasonal with the vast majority (> 90 percent) 
of total annual flow occurring during the wet season months (November to April).  The 
aquatic ecosystems that are dependent on these river flows are adapted to the prevailing 
conditions, responding to both wet season high flows and the long dry season low flows.  

2. There is a general lack of quantitative relationships between flow and specific ecological 
flora and fauna in the NAWFA region.  As a result the consequence of flow changes on 
ecological systems is largely unknown.  The few existing site-specific thresholds 
demonstrate the value of such information and resources for development of more of 
these thresholds and associated relationships are best targeted at areas containing high 
priority ecological assets that may come under significant development pressure. 

3. In the absence of species thresholds, standard metrics derived solely from the river flow 
regime, provided useful guideline information and have the advantage that they enable 
comparisons within and between regions.  The selected metrics relate mainly to the high 
and low flow conditions, which are important drivers of floodplain and in-stream 
ecosystem structure and processes in northern Australia. 

4. In general, exceedences of high and low flow thresholds in most northern rivers under 
future climate scenarios are quite large and likely to have a significant impact on 
associated aquatic biota.  The implementation of additional development water 
entitlements in Queensland can exacerbate the climate impact, but the relatively modest 
development water requirements reported for NT and WA developments did not usually 
add much further impact on high and low river flows.  

5. For locations where both site specific and standard metrics were available, it was found 
that the standard metrics adequately reflected the directions (and to some degree 
magnitude) of potential change derived for the site-specific metrics. 

6. Low flows under dry climate change scenarios are likely to be altered significantly.  Some 
areas are likely to experience considerable increases in the duration of low and zero 
flows, which may have major ecological impacts.  Combining climate change with 
development pressures can exacerbate changes to low flow conditions. 
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7. Flooding is an important factor that sustains many environmental assets by providing 
connectivity across the floodplain and facilitating migration.  Under dry climate change 
scenarios, flood frequency can be reduced greatly and this may have impacts on 
provision of habitat and breeding grounds.  Under wet climate change conditions, flooding 
may become much more frequent and this could have both positive and negative impacts 
depending on flow requirements of different species. 

 

KNOWLEDGE GAPS 

Where specific high priority aquatic biota may be at risk from climate change and/or development 
pressure, studies need to be carried out to quantify the relationship between the species in 
question and key aspects of the river flow regime that it is dependent on. 

Despite the fact that there are large areas of groundwater dependant ecosystems in northern 
Australia, there are no known locations with quantitative groundwater related ecological metrics.  
Further monitoring of the interactions between groundwater level and the functioning of 
ecosystems is therefore recommended.  The work described below on dry season pools that are 
sustained by groundwater is a good example of such monitoring. 

It is also worth noting that any change in river flow is likely to result in changes to water quality 
including sediment and nutrient loads, water temperature and dissolved oxygen levels.  These 
changes in turn may also affect productivity and habitat quality and as such should be carefully 
considered in future investigations. 

 

1.3.4 A REMOTE SENSING STUDY OF IN-STREAM POOLS AS ECOLOGICAL 
REFUGIA 

The above species-specific low flow thresholds are closely tied with the existence of in-stream 
pools which form critical refugia for many aquatic biota.  An important key to quantifying river flow 
regime impacts on freshwater ecology is therefore to define the relationship between flow and the 
formation of in-stream pools.  This part of the study examined the application of remotely sensed 
(LiDAR, LandSat and Ikonos) data to identify stretches of the river, which contain hydraulic breaks 
and pools, in order to quantify pool size and numbers.  We have also looked at whether there 
were relationships between river flow and pool number and total area as a step towards defining 
flow thresholds below which aquatic biota may be undesirably impacted.  The regions of interest 
for this low flow and stream pool study were the central reaches of the main river channels in the 
Fitzroy, Mitchell and Daly catchments where pools form during the dry season.  The key findings 
were: 

 

1. In the Fitzroy River the preceding wet season affects the rate at which pools form in the 
early dry season, but the late dry season pool number is insensitive to wet season flow.  
This implies that groundwater is the primary source of base flow in this river at this time. 
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2. Both the Fitzroy and Mitchell Rivers show a decline in pool number at the end of the dry 
season.  This may be due to the disappearance of small pools, which cannot be 
sustained by groundwater flow at this time. 

3. Many more pools form in the Fitzroy and Mitchell rivers than in the Daly River.  This is 
because (i) flows are much lower for longer in the two former rivers and (ii) there is a 
greater groundwater contribution in the Daly River. 

4. Most of the pools in all three rivers are relatively small (~ 200 to 600 m in length) and the 
number of small pools generally increases as the dry season progresses. 

5. There are reasonably good relationships between pool number, total pool area and flow, 
but the relationships are quite different for each river. Some of these relationships may be 
useful for setting ecologically acceptable low flows, however, additional information on the 
response of key aquatic biota to pool characteristics is needed to quantify these 
thresholds. 

 

KNOWLEDGE GAPS 

The accuracy of estimates of pool number and size (especially of small pools) needs to be 
assessed comparing the LandSat results with those derived using higher resolution imagery (e.g. 
Ikonos) and/or ground survey.  

The current analysis using LandSat data gives useful information on the total number of pools in a 
river reach, however, further analysis is recommended to determine the rates of production and 
loss of specific pools along a river reach.  This will help identify the locations of specific pools that 
may be of local significance (both ecologically and culturally) as well as confirming whether the 
loss of small pools occurs throughout the dry season, or only towards the end of it. 

It may also be possible to determine pool (surface) temperatures using LandSat data and it is 
recommended that this be investigated as a means of assessing how the suitability of pool 
habitats evolves as the dry season progresses.  Additional information on the response of key 
aquatic biota to pool characteristics (size, depth, temperature) is needed to quantify thresholds 
above or below which undesirable ecological impacts occur. 

 

1.3.5 PREDICTION OF FLOOD EXTENT AND ASSOCIATED WETLAND 
CONNECTIVITY 

Flood flows provide opportunities for the off-stream floodplain wetlands to be connected with the 
main channels of floodplain river systems, and these ʻflood pulsesʼ are thought to be the major 
determinant of the high biodiversity of floodplains.  This part of the study describes the use of a 
hydrodynamic model of the Fitzroy catchment to quantify the timing, frequency and duration of the 
connectivity of a number (30) of floodplain wetlands and the main river channel.  The wetlands 
ranged in size from 7 to 470 ha and were located at distances of 0.6 to 26 km from the main 
Fitzroy River channel.  Wetland connectivity was calculated for three floods of different sizes with 
annual return periods ranging from 1.5, 3 and 14 years. The key findings were: 
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1. Hydrodynamic models can be used to quantify connectivity between floodplain wetlands 
and the main river channel.  This method can be used to derive the timing, duration and 
frequency of connectivity of a range of wetlands on the floodplain. 

2. In the Fitzroy catchment, the duration of wetland connectivity ranges from 1 to 40 days 
per flood and is not only related to distance from the main river channel, but also the 
topography between the wetland and river.  Some wetlands connect in relatively small 
and frequent floods and others only connect in much larger, less frequent floods.  
Wetlands in the lower part of the floodplain tend to have greater connectivity because of 
the longer duration of inundation in this area.  

3. The study provides an overview of the connectivity status for the major wetlands in the 
Fitzroy floodplain.  The information could be useful to future studies on (i) movement and 
recruitment patterns of fish during floods (ii) wetland habitat characteristics and (iii) 
biodiversity of individual wetlands. 

 

KNOWLEDGE GAPS 

The current hydrodynamic flood simulations tend to hold water on the floodplain for longer than is 
detected at stream gauges or in remotely sensed flood images.  Further analysis is therefore 
needed to see if the fault lies entirely within the hydrodynamic model and if so, a solution derived. 

Hydrodynamic models are costly and time consuming to set up and so an alternative method for 
quantifying wetland connectivity should be investigated.  Potential options include the use of 
remotely sensed flood area and relating this to gauged river flow.  This method could be tested in 
catchments where hydrodynamic models already exist, e.g. the Fitzroy in Western Australia and 
the Tully-Murray catchments in Queensland. 

Further information is required on the role of flood-pulse connectivity on a number of important 
ecological responses such as fish migration and recruitment between and within individual 
wetlands. 

 

1.3.6 LIKELY IMPACTS OF CLIMATE CHANGE AND DEVELOPMENT 
All risk assessments used a revised version of the spatially-explicit Relative Risk Model (RRM) 
developed for the Tropical Rivers Inventory and Assessment Project (TRIAP).  The model was 
revised to encompass high-resolution sub-catchment and species biodiversity data used in a 
previous NAWFA project.  Two complimentary risk assessments are reported.  First a semi-
quantitative, multiple threat-asset assessment was undertaken to identify relative risks.  
Additionally, the revised RRM was quantitatively based using standard exposure-effect risk 
probabilities (c.f. ranks), allowing risk profiles to be developed and, hence, uncertainty and 
sensitivity analyses to be undertaken.  Risk assessment outputs are reported for the entire 
NAWFA region (62 catchments) as well as within the 15 river basins identified as priority.  
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Additional analyses were undertaken in the Finniss River basin (52 subcatchments) to investigate 
the interaction between climate change and development impacts. 

 

MULTIPLE THREAT-ASSET ASSESSMENT 

Three broad habitat types were included in the analysis: waterways, riparian vegetation and 
wetlands.  Ecological assessment endpoints for the examination of relative risk included: 
maintenance of flow regime; water quality to meet or exceed a specified standard; maintenance of 
extent and health of riparian vegetation; and maintenance of biodiversity.   

The following threats were included in the model for the entire NAWFA region (62 catchments); 
Land use, potential sea level rise impacts, mining and River Disturbance Index.  For the Finniss 
River case study, land clearing was included together with the other four threats identified above. 

The regions at high risk from the threats are: the Finniss, Adelaide, Flinders, Gilbert, Daintree, 
Normanby, Mulgrave-Russell, Barron and Mitchell rivers.  Analysis of the total sum of threats 
identified grazing natural vegetation as the greatest threat followed by river disturbance and sea 
level rise. 

Examination of the relative risk to assessment endpoints identified that water quality (to meet or 
exceed a specified standard) was at most risk.  Regions with the highest total risk to water quality 
are the Finniss, Adelaide, and Barron rivers. Interestingly, the ecological assessment endpoint 
with the lowest total risk was identified as maintenance of flow regimes.  Regions with the highest 
total risk for maintenance of riparian vegetation include the Finniss, Mitchell and Flinders rivers.  
For assessments of maintenance of biodiversity, the risk regions with the highest total risk were 
the Finniss and Adelaide rivers, and Jacky Jacky Creek. 

Risk profiles generated for each of the 15 focal catchments are summarized below. 

 

• Cape Leveque Coast: Total risk medium; major threats, transport and communications, 
manufacturing and industrial, grazing natural vegetation, mining, river disturbance and 
sea level rise; dominant threat, grazing natural vegetation. 

• King Edward River: Total risk low; major threats, river disturbance and sea level rise. 

• Daly River: Total risk, medium; major threats, utilities, transport and communications, 
services, residential, manufacturing and industrial, irrigated agriculture, grazing natural 
vegetation, grazing modified pastures, cropping, mining, river disturbance and sea level 
rise; dominant threats, grazing natural vegetation and cropping. 

• Adelaide River: Total risk, higher; major threats, waste treatment and disposal, utilities, 
transport and communications, residential, manufacturing and industrial, irrigated 
agriculture, horticulture, grazing natural vegetation, grazing modified pastures, cropping, 
mining, river disturbance and sea level rise; dominant threats, transport and 
communications. 
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• Finniss River: Total risk, high; major threats, waste treatment and disposal, utilities, 
transport and communications, services, residential, manufacturing and industrial, 
irrigated agriculture, horticulture, intensive animal production, grazing natural vegetation, 
grazing modified pastures, cropping, mining, river disturbance and sea level rise; 
dominant threats, waste treatment and disposal and utilities. 

• Mary River: Total risk, medium; major threats, utilities, transport and communications, 
grazing natural vegetation, grazing modified pastures, mining, river disturbance and sea 
level rise; dominant threats, transport and communications and grazing modified 
pastures. 

• South Alligator River: Total risk, low; major threats, transport and communications, 
mining and river disturbance. 

• East Alligator River: Total risk, medium; major threats, utilities, transport and 
communications, services, manufacturing and industrial, mining, river disturbance and 
sea level rise. 

• Goyder River: Total risk, low; major threats, transport and communications, river 
disturbance and sea level rise 

• Roper River: Total risk, low; major threats, utilities, transport and communications, 
services, manufacturing and industrial, grazing natural vegetation, cropping, mining, river 
disturbance and sea level rise; dominant threat, transport and communications. 

• Leichardt River: Total risk, medium; major threats, transport and communications, 
services, residential, manufacturing and industrial, irrigated agriculture, grazing natural 
vegetation, mining, river disturbance and sea level rise; dominant threat: grazing natural 
vegetation. 

• Norman River: Total risk, medium; major threats, transport and communications, 
residential, manufacturing and industrial, grazing natural vegetation, mining, river 
disturbance and sea level rise; dominant threat, grazing natural vegetation. 

• Flinders River: Total risk, high; major threats, utilities, transport and communications, 
services, residential, manufacturing and industrial, irrigated agriculture, grazing natural 
vegetation, cropping, mining, river disturbance and sea level rise; dominant threats, 
grazing natural vegetation and river disturbance. 

• Gilbert River: Total risk, high; major threats, transport and communications, residential, 
manufacturing and industrial, irrigated agriculture, horticulture, grazing natural vegetation, 
cropping, mining, river disturbance and sea level rise; dominant threat, grazing natural 
vegetation. 

• Mitchell River: Total risk, High; major threats, transport and communications, services, 
residential, manufacturing and industrial, irrigated agriculture, horticulture, intensive 
animal production, grazing natural vegetation, cropping, mining, river disturbance and sea 
level rise dominant threats, grazing natural vegetation and river disturbance. 
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The results of the RRM appear to be in agreement with general knowledge of risk to  catchments 
within northern Australia.  That is, those risk regions that were ranked as higher risk concord with 
our knowledge of risk and general information at hand.  The RRM applied here has provided a 
high-level screening tool for prioritising areas for further research in terms of ecological risk 
assessment for aquatic ecosystems with a focus on development scenarios, in northern Australia. 

 

QUANTITATIVE RISK ASSESSMENT 

Risks to aquatic ecosystems and High Conservation Aquatic Ecosystem (HCVAE) assets from 
Development in 2010, and a projected 1m sea level rise (SLR) in 2100, were assessed across the 
NAWFA study area (53 AWRC basins) and the 15 focus catchments. 

The overall risk to aquatic ecosystems from Development in 2010 is about five times greater than 
that from a projected 1m SLR in 2100 (0.39 cf. 0.08, respectively), despite the large variation 
between basins (0 – 0.93).  The combined risk is estimated at 0.45 (45%).  Basins with aquatic 
ecosystems most at risk from current development comprised clusters in the southern Gulf of 
Carpentaria (Qld) and the Adelaide River basin close to Darwin (NT).  In contrast, basins at least 
risk from current development comprise clusters in remote Arnhem Land (NT), the South and East 
Alligator River basins in Kakadu National Park, and the Moyle River basin.  The basin most at risk 
from SLR is Mornington Inlet, being a small low-lying coastal catchment in the southern Gulf of 
Carpentaria.  

The overall risk from development to HCVAE99 assets (sum of all criteria met at the 99th 
percentile) was 23 times greater than a projected 1m SLR risk in 2100 (0.0045 cf. 0.0002 
respectively), with the combined risk being very small (< 0.005 or < 0.5%).  The Adelaide River 
basin had the greatest development risk to HCVAE99 assets, followed by the adjacent Mary River 
basin (0.06 & 0.03, respectively).  The Mornington Inlet basin had the highest SLR risk to 
HCVAE99 assets (0.002 or 0.2%), although all these values are too small for meaningful 
comparisons.  

The South Alligator River (SAR) and Norman River basins were chosen to compare risks at a 
finer scale because of their contrasting land use, reflecting a high value conservation area 
(Kakadu National Park) and an area encompassing intensive land use and associated catchment 
disturbance, respectively.  Aquatic ecosystems in the Norman River basin were 19 times more at 
risk from development than those in the SAR basin (0.50 cf. 0.03) and, in contrast, those in the 
SAR basin were four times more at risk from SLR.  The risk to HCVAE99 assets from 
development in the Norman River basin was twice that of the SAR basin (0.013 cf. 0.008). In 
contrast, SLR risk is 13 times greater in the SAR basin than the Norman River basin (0.026 cf. 
0.002).  

An analysis of risk to biodiversity from a projected 1m SLR identified about 10% of sub-
catchments, where at least one species of turtle is predicted to occur, will be affected by a 1m 
SLR, and that for fish and waterbirds, 18%.  The mean risk to waterbird species is about three 
times greater than that for both turtles and fish (0.70 cf. 0.21). 

Although the quantitative risk model used here accounts for interactions, the underlying model 
assumption is by necessity still additive given current lack of knowledge on possible synergistic or 
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multiplicative effects.  The cumulative effects of both risk factors, as assessed by their combined 
risk probability, should therefore be used as a starting point only and treated with a degree of 
caution. 

 

COMPARISON OF APPROACHES 

Although the two approaches to the RRM use very different assessment pathways and endpoints, 
results of each were similar. This suggests that the two approaches are complementary given that 
they each have different advantages and limitations. 

 

INTEGRATION OF ASSESSMENTS 

A Bayesian Belief Network (BBN) was constructed to integrate and communicate all spatial risk 
assessments, and can be used at any reporting scale (e.g. across northern Australia or by basin 
and sub-catchment).  Users can choose one of two reference time frames, 2010 (recent) or 2100 
(future), and a projected percentage increase in current development.  The BBN was designed to 
undertake ʻwhat ifʼ scenario simulations and, hence, may be a useful Decision Support Tool for 
catchment managers. 

 

KNOWLEDGE GAPS: 

• Can filters and weights be applied to the input pressures and threats to further refine the 
models? 

• What is the most effective method to elicit ʻexpert opinionʼ for the construction construct 
conceptual models? 

• What are the species-specific threshold effects of increased temperature on population-
level assessment endpoints such as growth, reproduction and survival? 

 

RECOMMENDATIONS  

1. Further work is required to integrate both RRM approaches used here, particularly the 
different classification systems used to characterise threats and assets, and to develop 
analytical methods to analyse uncertainties associated with semi-qualitative relative risk 
ranks. 

2. Further work is required to develop and implement effective methods to communicate 
complex risk assessment outputs to stakeholders and end-users, in particular the critical 
role that uncertainty analysis plays in determining confidence in results and therefore 
subsequent use in the decision making process. 

3. The revised RRM model should now be applied to the NE Queensland basins. 
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4. The risk analysis of a mean 1m SLR for aquatic assets, including biodiversity surrogates, 
should be extended to incorporate the effects of predicted changes in extreme weather 
events, such as increases cyclone intensity and associated storms surges and high tides.  

5. Assessments are required on the potential impact of development on biodiversity assets 
(only SLR risk was addressed here).  

6. Comprehensive modelling work on the impact of temperature increases due to climate is 
required in the NAWFA study area.  There is currently much potential to apply the 
approach developed by Bond et al. (2011) for freshwater fish in Victoria to the exploration 
of predicted range shifts of tropical freshwater fish under future climate-change scenarios. 

 

The risk assessment process commenced here must now shift its focus from characterising risk to 
assessing development scenarios in northern Australia. Hence, we recommend strongly that the 
results reported here be incorporated into a Management Strategy Evaluation (MSE) framework, 
which would facilitate integrated assessments using all other NAWFA research outputs, 
particularly the socio-economic and ecological flow-threshold components.  Needless to say, this 
should be a participatory process with all NAWFA stakeholders from the outset, and which would 
require an appropriate level of investment.  

 

1.3.7 IMPORTANT BIOLOGICAL AND ECOLOGICAL THRESHOLDS. 
This part of the study aimed to identify conceptual relationships and critical thresholds of habitat 
use by key fauna species, as well as thresholds for vital ecosystem processes.  The importance 
of connectivity and movement between river ecosystems, floodplains and estuaries was analysed, 
and environmental triggers for movement and the integral role of fauna explored.  Thermal and 
hypoxia tolerances and thresholds of aquatic biota are identified, and the timing and rates of rise 
and fall of flow as ecological triggers reviewed.  The potential impacts associated with 
perennialisation of ephemeral waterways was explored through case study analyses of a limited 
number of catchments and biological indices.  The relationships between ecological and socio-
cultural values were also explored. The key findings were: 

 

• Rivers are highly connected ecosystems and the distribution, reproductive biology and 
movement characteristics of freshwater fish fauna reflect this.  Maintenance of 
connectivity is key to managing the effects of water resource development and potential 
future climate change.  Changes in connectivity through barriers associated with 
infrastructure, or the alteration of natural flow regimes have the potential to interfere with 
movement and reproductive success, and therefore the maintenance of biodiversity. 
Changes in connectivity between estuaries and their upstream river and floodplain 
habitats may significantly interfere with breeding and recruitment, impacting populations 
along the entire river length and resulting in flow-on effects to commercial and 
recreational fishing industries. 
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• Water temperature is arguably the most important water quality parameter, directly 
influencing habitat suitability as well as modifying a wide variety of physical, chemical and 
biological processes.  Although water temperature is expected, in most cases, to increase 
under climate change, there is little quantitative data upon which to predict the associated 
faunal response.  Analysis of water temperature data (including spot measurements and 
continuous data logging) collected from northern Australia revealed the maximum 
recorded water temperature as 44.0°C, the means for each State ranged from 26.8-
28.4°C and >90% of the values were <~33°C.  Data loggers deployed as part of this 
study, in a variety of previously unrepresented habitats (small stream wetlands, 
permanent river pools), identified the mean water temperatures for each site ranged from 
26.46°C to 29.95°C.  Maximum water temperatures exceeded 36°C, only briefly, at three 
sites.  Based on laboratory experiments, we determined the critical thermal maxima 
(CTmax) for a variety of fish and crustacea as 39.3°C, with a range from 33.5°C-41.8°C.  
In general the thermal maxima of species considered in these analyses was greater than 
the water temperatures usually found in northern Australian waters.  Given the over-riding 
effect of even short-term elevated temperatures in determining environmental outcomes 
this does not preclude temperature being a major driving force in tropical aquatic 
communities. 

• Over the past decade a number of theoretical population models have been used to 
examine spatial genetic patterns in obligate freshwater species within and among basin 
scales.  Overall, life history and landscape factors do not affect northern Australian fish 
populations any differently to those of southern Australia.  Whilst only 69 estimates of 
population structure were compiled, evidence clearly suggests that linkages of traversable 
habitat are critical for population connectivity, and fragmentation is the highest 
explanatory factor in assessments of genetic population structure.  Populations in upland 
areas display greater population structure and lower connectivity relative to lowland 
areas, with stream gradient rather than elevation established as the important driver of 
spatial genetic patterns. 

• Australian tropical floodplains are generally considered highly productive ecosystems with 
seasonal flooding replenishing water, and nutrient rich sediments.  The large expansion 
of the riverine habitat in the wet season is exploited by aquatic organisms, which then 
return that productivity to the river in the dry season.  Interactions between flooding, 
sediment transport, biotic processes (primary and secondary production and processing 
of organic matter) and hydrological connection and disconnection are key drivers of 
productivity.  Seasonal changes in water levels and associated increases in aquatic and 
floodplain primary production usually produce a corresponding shift in the nature of the 
dominant primary producers.  Estuarine productivity is strongly influenced by the 
downstream transport of nutrients, sediment and organic matter during the wet season 
peak flows, although there are examples where by tidal (oceanic) supply of nutrients is 
more important (e.g. Darwin Harbour).  Regional variation in hydrological regimes, 
particularly the degree of flood plain inundation, strongly influences the nature of primary 
productivity.  The relative importance of floodplain subsidies to food webs in wet dry tropic 
river systems varies with connectivity and the period of floodplain inundation.  Evidence 
suggests that many of the drivers and triggers for primary productivity in northern 
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Australian aquatic ecosystems are system specific and the development of general 
thresholds for river systems that will apply across northern Australia is problematic.  
Nonetheless, general thresholds for river channel productivity include magnitude of peak 
flows allowing contribution of catchment carbon and nutrients, timing and transition of 
flows influencing boundary layer and sheer stress, rates of rise of hydrograph for scouring 
and influencing plant biomass.  For estuarine production fundamental thresholds for 
primary productivity include the magnitude of flow to allow contribution of catchment 
carbon and nutrients and coastal floodplain, flooding and duration of flows for ecosystems 
reliant on saltwater mangroves and coastal inundation.  For floodplain productivity, 
fundamental thresholds are likely to relate to the magnitude, duration and timing of wet 
season flows.  

• Impacts of climate change and development on natural hydrological regimes are many, 
varied, persistent, interactive and difficult to reverse.  Developmental impacts often have 
clear and direct effects on the timing and rates of rise and fall of water flow.  Devegetation 
and water regulation through extraction and dams, alter flow durations, rates of rise and 
fall, and the number of peaks of surface flow, and alter groundwater rates of recharge and 
discharge, and duration of base flow.  With the addition of complex interactive effects, it is 
recommended that conservation areas be excluded from development, and their 
undisturbed natural river flow preserved.  

• There a few examples in northern Australia where naturally intermittent or ephemeral 
streams have become perennial due to water regulation.  With increasing water resource 
development, and the expansion of mining activities, these effects may become more 
widespread in the future.  Using case study analyses from the few existing examples from 
northern Australia, the most significant impact of water supplementation of naturally 
intermittent waterways appears to be the proliferation and spread of aquatic weeds and 
macrophytes.  Although fears have been expressed that water supplementation and 
regulation could lead to the loss of temporary water invertebrate and fish species, there is 
little evidence that this has occurred in the Ord, Walsh and Burdekin Rivers.  However, it 
is likely that the presence of permanent water and deeper pools will facilitate the 
movement of estuarine fish species further upstream.  The presence of these species 
would likely impact resident aquatic fauna, both indirectly through their effect on local food 
sources, and directly through predation and competition, resulting in changes to 
assemblage structure. 

• Globally, aquatic ecosystems are considered to be highly vulnerable to invasion by alien 
plants.  In northern Australian aquatic and riparian ecosystems, five species are listed as 
weeds of national significance because their impacts on natural and agricultural systems 
are so severe; giant sensitive tree Mimosa pigra, olive hymenachne Hymenachne 
amplexicaulis, cabomba Cabomba caroliniana, salvinia Salvinia molesta and rubber vine 
Cryptostegia grandiflora.  Other weeds that have serious impacts on northern Australiaʼs 
aquatic ecosystems, include para grass Urochloa mutica, water lettuce Pistia stratiotes 
and gamba grass Andropogon gayanus.  In northern Australian aquatic ecosystems, 
weeds have been found to have negative impacts on the environment, the economy and 
on Indigenous cultural values.  Increased CO2 levels and temperatures associated with 
climate change are likely to increase the growth and geographical distribution of invasive 
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weed species.  Other impacts of climate change may limit the spread of weeds in some 
habitats, for example, rising sea levels will reduce the availability of freshwater habitats 
for some weed species.  Species distribution models can be used to identify 
environmental conditions where the species can establish and survive and therefore 
provide a powerful tool for environmental scientists and mangers.  Although the modelling 
methodologies are still being developed (Franklin, 2009), they represent a potentially 
useful tool for incorporation into invasive species management.  These approaches are 
currently limited, however, to continental scale assessments as there is limited 
information to develop regional/subregional climate change scenarios, and for most 
species, little empirical data on the other environmental factors affecting establishment.  

• Many of the social and cultural values across northern Australia are closely associated 
with the integrity of aquatic ecosystems.  Socio-cultural values associated with broad 
geographic regions (WA, NT and QLD) and, more specifically, those associated with the 
focus catchments, were identified.  These values provide more broadly, ecosystem 
services that benefit people and communities by providing, regulating and supporting 
critical ecological and biophysical values.  Based on the application of the ecosystem 
services framework to case study catchments, conceptual links between ecological 
values and associated socio-cultural values were identified (Table 1).  Variability in the 
abundance of water affects the spatial patterns of values and related ecosystem services 
across northern rivers.  Perennial rivers were found to be particularly important for 
Indigenous, recreation and tourism values.  Those rivers near human settlements are 
valued by local residents as a place to relax and enjoy the aesthetics.  The high 
biodiversity of northern rivers is valued by both local residents and non-residents alike.  
There are many reported instances where social, cultural and ecological values do not 
overlap or where there is alignment between the provision of one ecosystem service or 
value over another.  Given the strong reliance on river systems for local livelihoods in 
many regions, it is therefore important that a direct correlation between ecological values 
(e.g. biodiversity and ecosystem processes) and social-ecological values and services is 
not assumed. 
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Table 1.  Ecosystem services associated with northern Australian aquatic ecosystems. 
Ecosystem Service Type of values 
Provisioning Indigenous use values of aquatic species including: 

Primary and secondary production for public food supply (e.g. 
cropping, horticulture, pastoralism, commercial fisheries) 
Indigenous/non indigenous economic development (e.g. tourism, 
mining, agriculture) 
Water supply and storage (surface and groundwater) 

Cultural  Indigenous sites of significance (e.g. sacred/spiritual sites and 
those used for ceremonial purposes) 
Indigenous Language 
Recreational / aesthetic (e.g. ecotourism, cultural association with 
waterways) 
Education and training (e.g. ecological, social scientific research) 

Supporting Habitat for species and genetic diversity (e.g. unique or vital 
habitats, threatened species) 

Regulating Indigenous governance (e.g. land custodianship, spiritual and 
social cohesion, knowledge exchange 

 

KNOWLEDGE GAPS 

Knowledge gaps that will likely challenge the development and/or application of suitable 
management strategies are identified below:  

 

• What are the specific flow thresholds required to sustain key ecological and socio-cultural 
values and processes? 

• Can specific groundwater related ecological metrics and thresholds be developed for 
dependent biota or ecosystems? 

• What will predicted alterations to flow regimes influence sediment and nutrient loads, 
water temperature and dissolved oxygen levels, habitat and productivity? 

• What is the ecological response to the production and loss of dry season refugia 
(permanent pools) and river pool characteristics (size, depth, temperature) throughout the 
dry season? 

• What is the ecological role of flood pulse connectivity between rivers, wetlands and 
floodplains? 

• What are diel and seasonal water temperature ranges for representative aquatic habitat 
types and how do they vary among regions, habitat types and environmental conditions? 

• What is the effect of fluctuating temperature regimes and exposure duration on 
temperature tolerance of aquatic species? 

• What are the landscape scale and hydrological influences on the population structure of 
aquatic fauna? 

• Do stream gradients reduce connectivity among freshwater fish populations? 

• What environmental factors are important in determining the establishment and 
distribution of priority invasive species? 
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• What is the ecological importance of rates and rise of fall in groundwater levels and 
surface water flows to aquatic biota and water dependent vegetation? 

• What are the specific flow thresholds drivers of primary production such as light and 
nutrients or the interactions between these drivers? 

• What are appropriate measures of primary production? 

•  What are the relationships between macrophytes, epiphytic algae and the depth of the 
photic zone and how do these operate spatially and temporally on northern Australian 
floodplains? 

• Can models of primary productivity be transferred to similar rivers within and across 
regions? 

• How do geology, surface water and groundwater, material subsidy to channel, nutrients 
and light interact in their influence on primary productivity? 

• What are the specific thresholds of flow duration, inundation duration and light penetration 
to support primary production? 

• How will climate related sea level rise impact on the ecology of freshwater floodplain 
wetlands and what will the flow-on ecological response of important fish 
species/communities be? 

• How will increased water temperature affect fish assemblage structure and the 
distribution of individual species? 

• Will the predicted minor changes in flow regimes due to climate change impact on 
freshwater fish assemblages, their habitat, food or requirements for 
spawning/recruitment? 

• What is the relationship between the number and distribution of permanently watered dry 
season refugia, recolonisation success during the wet season and sustainability of fish 
assemblages within ephemeral catchments  

• Does minor infrastructure (small weirs, road crossings) impede the free passage of 
aquatic fauna required for habitat selection, foraging or spawning/recruitment? 

• How many barriers (potential and actual) occur on northern Australian waterways and 
what is the extent of river length denied to migratory species? 

 

1.3.8 KEY ECOLOGICAL FLOW LINKS AND THRESHOLDS 
Hydrological and ecological processes and regimes across the region was integrated with the aim 
of identifying critical conceptual relationships between hydrology and ecological, social and 
cultural values and where possible flow thresholds.  Four key features of the annual flow regime 
underpin the structure and function of tropical river systems:  i) peak wet season flows and their 
variability, ii) the drawdown period of flows and flood residence times during the wet to the dry 
transition, iii) low and disconnected flows during the dry season, and iv) the initial flushing flows 
during the dry to wet transition. To facilitate the application of waterway management strategies, 
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this project identified specific flow-ecology relationships within each major season as described 
below.  

 

SEASON: DRY 

• River base flow, cease to flow events, and groundwater levels are the key flow 
components of the dry season. 

• The duration and timing of disconnection, the rate and variability of winter base flow and 
the persistence and level of groundwater discharge have the greatest impact on 
ecological values. 

• Flow components support a wide range of biological values, and maintain ecological 
integrity and vital ecosystem processes such as reproduction and migration. 

• The majority of flow links have specific and non-transferrable thresholds, however 
conceptual links associated with ʻcease to flowʼ, perenniality and groundwater, have the 
potential for transferability among catchments. 

 

SEASON: DRY-WET TRANSITION 

• The onset of flows and floods at the commencement of the wet season are the key flow 
components. 

• The duration, timing and magnitude of flow have the greatest impact on ecological values. 

• Values associated with longitudinal connectivity are central during this transition, with 
dominant processes including cues for reproduction, and the alleviation of stresses 
related to the late dry. 

• Flow links are broadly conceptual, with variable thresholds and a general transferability 
among catchments (predominantly among those with an intermittent or ephemeral flow 
regime). 

 

SEASON: WET 

• Flood events, peak and total annual flow, and groundwater recharge are the key flow 
components of the wet season. 

• The duration, magnitude and extent of flood inundation, as well as the timing and volume 
of total wet season flow, and the rate of groundwater recharge, have the greatest impact 
on ecological values. 

• Flow components support a wide range of biological values and extensive aquatic and 
terrestrial primary productivity. Dominant processes include habitat maintenance, nutrient 
supply and connectivity: allowing migration/reproduction strategies and appropriate 
genetic exchange. 
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• Five flow link thresholds are specific, however the majority exist as either low (Q90) or 
high (Q5) flow thresholds, allowing for transferability amongst catchments.  

 

SEASON: WET-DRY TRANSITION 

• High flow recession and groundwater dynamics are the key flow components during this 
transition. 

• The magnitude, duration and timing of groundwater discharge effects primary productivity 
values whilst the recession of flood and peak flows, and groundwater levels effects the 
persistence of aquatic fauna through stranding. 

• Flow links are conceptual, with variable or unknown thresholds and a general 
transferability among catchments. 

 

SEASON: ALL 

• Variability, base flow and mean annual flow are key flow components throughout all 
seasons. 

• Variability in seasonal wetting and drying, and in flow parameters such as rates of rise, 
magnitude and constancy impact ecological values such as species diversity, productivity 
and habitat structure.  

• Base flow perenniality, and the magnitude of mean annual flow increases fish biodiversity 
due to increased connectivity and productivity. 

• Flow links are conceptual, with high or low flow thresholds and a high transferability 
among catchments 

 

1.3.9 MANAGEMENT PRIORITIES AND MONITORING OPTIONS. 
In this final Chapter, analytical frameworks that have been used to identify and sustainably 
manage the relationships between the ecological, cultural and social values associated with water 
for the NAWFA region are reviewed.  The need for research that links social-cultural values with a 
more holistic understanding of a healthy ecosystem (functional and structural attributes), and the 
implications of these interdependencies for ecosystem outcomes was highlighted.  By 
synthesizing a number of different perspectives, integration can improve understanding and also 
the application or implementation of research knowledge.  Available options for integrated 
management frameworks were reviewed and a framework that combines Management Strategy 
Evaluation (MSE) with Bayesian Belief Networks (BBN) was considered to provide substantial 
benefits for management.  Management Strategy Evaluation frameworks provide an effective 
management tool and have been used successfully for managing a variety of complex natural 
resource management issues.  A test-application of a combined MSE-BBN approach to analyse 
the effects of development (under different climate change scenarios) on social, environmental 
and economic indicators in northern Australia highlighted the utility of this approach as a relatively 
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simple and rapid management tool, capable of addressing complex interacting management 
issues.  

A regional (jurisdictional) based assessment of existing management objectives, monitoring and 
assessment priorities and frameworks, and their capacity to report against likely risks associated 
with climate change and development in Northern Australia is provided.  While this preliminary 
assessment indicates that existing management has the capacity to address climate change and 
development risks to northern Australian aquatic ecosystems, a more comprehensive and critical 
assessment will be needed by each jurisdiction. 

This project has provided jurisdictional water planners in northern Australia with new information, 
techniques, data and knowledge that can be incorporated into management frameworks to 
address the risks associated with climate change and development to northern Australian aquatic 
ecosystems.  A variety of knowledge gaps and key recommendations resulting from the extensive 
investigations reported here are identified (see preceding sections).  While existing research 
programs, such as the National Environmental Research Program (NERP), will provide significant 
benefit to the management of climate change and development risks identified through this 
NAWFA project, many of the specific knowledge gaps and recommendations identified here will 
remain unanswered.  These gaps represent significant constraints on the development, 
implementation and monitoring of management.  Consequently, these gaps should be explicit 
within the adaptive management frameworks of relevant water and biodiversity management 
agencies within each Jurisdiction.  This will allow opportunities for existing management and 
monitoring actions to be adapted, enhanced or extended to incorporate new knowledge.  This 
approach will also need to be accompanied by future investment in research and monitoring of 
Northern Australian aquatic ecosystems and associated ecological values and process, in line 
with the knowledge gaps and recommendations noted above. 
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 PROJECT SCOPE AND OBJECTIVES  CHAPTER 1
 

1.1 PROJECT BACKGROUND 

The Northern Australia Water Futures Assessment (NAWFA) is a five-year multidisciplinary 
program being jointly delivered by the National Water Commission (NWC) through the 
Department of Sustainability, Environment, Water, Population and Communities (DSEWPaC).  
The overarching objective of the NAWFA is to create an enduring knowledge base that provides 
essential information on the water resources in the northern Australia landscape and the watering 
needs of key ecosystem, community and cultural assets.  The assessment will bring together 
existing information sets and commission new work where a clear need for additional information 
exists.  The geographical area considered by the NAWFA includes the key surface and 
groundwater systems and basins within the Timor Sea and Gulf of Carpentaria drainage divisions, 
and that part of the North East Coast Drainage Division to the north of Cairns (Figure 2). 

The NAWFA is comprised of four components: the Water Resources Program; the Ecological 
Program; the Cultural and Social Program, and; the Knowledge Base Program.  This project falls 
under the Ecological Program, which seeks to understand the key aquatic ecological assets 
across northern Australia and to gain an understanding of the risks to the values of those assets 
arising from changes in the hydrological regime.  

The Ecological Program is guided by the Ecological Working Group, which consists of 
representatives from the northern jurisdictions (Western Australia, Northern Territory and 
Queensland), the Australian Government and key research organisations. Outputs from this 
Program will be integrated with those from the Cultural and Social Program to inform decision-
makers.  Progress of the Ecological Program to date includes the completion of two projects, 
which have identified aquatic assets of high ecological value in northern Australia: 

 

• Ecological Assets of Northern Australia: Scoping, Synthesis and Prioritisation Study, 
conducted by Sinclair Knight Merz (SKM); 

• Northern Australia Aquatic Ecological Assets Project, conducted by the Tropical Rivers 
and Coastal Knowledge (TRaCK). 

 

On 8 February 2010, the Minister for Climate Change and Water announced that $1.2 million 
would be invested in an additional (this) project, which seeks to assess the likely impacts of 
development on water dependent ecological assets in northern Australia. 
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1.2 PROJECT OBJECTIVES 

The objective of this project is to gain a comprehensive understanding of the likely impacts 
(including cumulative) of possible development and climate change on the northern Australia key 
ecological assets, as identified by the Ecological Working Group and the Northern Australia 
Aquatic Ecological Assets Project. 

This Project had six broad aims: 

 

1. Describe and characterise the surface- and ground-water regimes, geomorphology 
and ecological processes of the Assets/asset types including the groundwater/surface 
water interactions and system wide issues; 

2. Identify the major human-related factors impacting upon the Assets, their relationship 
to climate change and, where possible, separate the climate change impacts from the 
development impacts on the Assets; 

3. Quantitatively model (including spatial analysis) and assess these likely impacts, 
including cumulative impacts, as they relate to longitudinal and lateral connectivity 
between assets and refugial waterholes; 

4. Develop conceptual models of Asset/hydrology interaction and, based on these 
models, identify ecological thresholds of concern for the Assets in terms of: ecological 
water requirements; key ecosystem processes; spatial analysis of habitat use by key 
fauna; and, modelling hydrological regimes and the relationship of flow alteration as 
ecological triggers; 

5. Consider the relationship between the Assets and their associated cultural and social 
values, and; 

6. Recommend management strategies and monitoring frameworks to assess and 
report on environmental change against these impacts and thresholds.  

 

These aims are addressed using analysis, synthesis and modelling of existing data and 
knowledge (as well as the collection limited field data).  The outcome of this project will provide 
jurisdictional water planners in northern Australia with additional information on, and management 
strategies for these impacts, that can be incorporated into future water management plans.  The 
inclusion of this information will increase our ability to manage and, where possible, mitigate the 
potential impacts development and climate change in northern Australia. 
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1.3 NOMINATED ASSETS 

Aquatic ecological assets (study catchments) to be assessed through the project were identified 
by each jurisdiction (Western Australia, Northern Territory and Queensland).  In selecting the 
focus catchments, a variety of criteria were assessed, including: 

 

• the availability of suitable data and knowledge; 

• existing climate change and development risks to aquatic ecological assets; 

• potential for future development; 

• conservation/ecological value, and; 

• regional management priorities. 

 

Study catchments identified by jurisdictional representatives of the Ecological Working Group 
included, the Daly River catchment (NT), the Flinders, Gilbert and Norman River catchments 
(QLD), and the King Edward River catchment and Dampier Peninsula mound spring complexes 
(WA). Additional study catchments, informed by the Northern Australian Aquatic Ecological 
Assets Project and nominated by the northern jurisdictions include: 

 

• NT: Darwin Harbour catchment, Roper River, Adelaide River, Mary River, South Alligator 
River, East Alligator River and Arafura Swamp (Goyder and Gulbuwangay rivers), and; 

• QLD: Mitchell River and Leichardt River. 

 

These study catchments (see Figure 2) will be assessed in terms of both the particular assets 
they support and the northern Australia asset types that they represent.   
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Figure 2.  The geographical area considered by the NAWFA Ecological Program defined 
by catchment boundaries and locations of focal catchments (grey) in northern Australia. 

 

1.4 PROJECT TEAM 

This project was undertaken by a team of researchers within the Tropical Rivers and Coastal 
Knowledge Commonwealth Environmental Research Facility.  Institutions collaborating on the 
project included, the Centre of Excellence in Natural Resource Management (The University of 
Western Australia), the Commonwealth Scientific and Industrial Research Organisation (CSIRO), 
Griffith University, Charles Darwin University, James Cook University and the Environmental 
Research Institute of the Supervising Scientist (ERRIS).  The Projects steering committee also 
contributed to sections of the report through State representatives of each jurisdiction: The 
Western Australian Department of Water; Northern Territory Department of Natural Resources, 
Environment, The Arts and Sport; Queensland Department of the Environment and Resource 
Management, and; the Commonwealth Department of Sustainability, Environment, Water, 
Population and Communities. 
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 BIOPHYSICAL AND HYDROLOGICAL CHAPTER 2
CHARACTERISTICS OF CATCHMENTS ACROSS 
NORTHERN AUSTRALIA 
 

2.1 BACKGROUND 

This Chapter provides background information on the geographic scope and the hydrological and 
geomorphological characteristics of the NAWFA study area (Section 2.2).  Focus catchments are 
identified and summaries of their hydrology, geomorphology, ecological and social values, 
development pressure, water resources use and other threatening processes provided (Section 
2.3).  The information presented as background in the following sections is based on existing 
information; no original datasets were analysed or interrogated in any detail.  Much of this 
information is restricted to ʻgreyʼ literature including government and community reports and 
strategies, project reports, and popular media.  While some catchments have been the focus of 
detailed assessments, e.g. the Daly and Flinders river catchments, the ecological, social and 
cultural values, and development pressures of others is poorly documented.  The following 
background information is provided based on a review of readily accessible information. 

 

2.2 OVERVIEW OF THE NAWFA STUDY AREA 

2.2.1 HYDROLOGICAL AND GEOMORPHOLOGICAL CHARACTERISTICS OF THE 
STUDY AREA 

Figure 3 shows a map of the 1.25 million km2 study region, which includes Australiaʼs Timor Sea, 
Gulf of Carpentaria and the most northern section of the North-East Coast Drainage Divisions.  
The region comprises 64 surface water management areas (also referred to as river basins) as 
defined by the Australian Water Resources Council (AWRC).  Across northern Australia there is a 
low density of hydrological data.  For example, there is less than one operational rainfall gauge 
per 2000 km2, less than one stream flow gauge per 7000 km2 (Petheram et al., 2009b), and less 
than 10 % of the regionʼs soils have been mapped at a scale finer than 1:100,000 (Petheram and 
Bristow, 2008). 

The drainage divisions of northern Australia are underlain by a number of groundwater basins 
(Figure 4), which interact with the surface water systems that variously receive water from and 
supply water to them.  The NASY project also assessed those basins and their aquifers, which 
may deliver water within the region (Crosbie et al., 2009).  Further details of the relevant parts of 
this report are summarised in Section 3.3.1.  
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Figure 3.  The surface water river basins, regions and drainage divisions (inset) as used in 
the Northern Australia Sustainable Yields (NASY) project (reproduced from CSIRO (2009b). 

 

 

Figure 4.  Extents of groundwater basins that (at least in part) underlie the drainage 
divisions of northern Australia that were used in the Northern Australia Sustainable Yields 
(NASY) project (reproduced from CSIRO (2009b)).  Note: Only the north-flowing region of 

the Great Artesian Basin was considered in the NASY project.  
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2.2.2 GEOMORPHOLOGY 
The northern Australian landscape is generally of low relief by world standards, though 
outcropping bedrock ranges represent areas of regional rugged topography.  These outcropping 
ranges include the Kimberley Ranges in the west, the Arnhem Land plateau and Barkly 
Tablelands in the Northern Territory and in the east, the Great Dividing Range.  Rivers in the 
central to western regions are generally bedrock controlled in profile and flanked by discontinuous 
floodplains.  Rivers draining to the Gulf of Carpentaria are flanked by extensive alluvial plains; 
generally relict floodplains of Tertiary to Quaternary age.  Very low gradients of 1:50,000 often 
prevail for 180 km inland along some Gulf rivers.  Along Cape York Peninsula, these alluvial 
plains gradually grade to the Great Dividing Range.  To the east of the Great Dividing Range (i.e. 
the northern North-East Coast Drainage Division), steep coastal escarpments abut a narrow 
coastal plain and the rivers tend to be much shorter and steeper than those found elsewhere 
across northern Australia. 

The rocks and regolith of northern Australia can be categorised into the four broad groups 
outlined below, based upon their permeability and discharge characteristics, which in turn affect 
the pereniality of surface runoff (Petheram and Bristow, 2008). 

 

1. Crystalline rocks and Palaeozoic and older sedimentary material, which underlie much of 
northern Australia and tend to have negligible primary porosity and groundwater 
discharge to streams from these formations is usually small and highly localised.  

2. Early to Middle Palaeozoic carbonate rocks, which generate the largest dry season 
baseflows (e.g. Daly, Roper, Nicolson and Gregory Rivers). These rocks are 
characterised by dissolution cavities near the watertable and primary porosity due to 
dolomitic recrystallisation.  

3. Cretaceous sandstones in the Northern Territory (e.g. Arnhem Land, Bathurst and 
Melville Islands), which also discharge variable quantities of groundwater to perennial 
streams.  In the southern parts of the Gulf of Carpentaria, spring discharge occurs from 
the Carpentaria Basin, although these do not sustain large dry season flows (CSIRO, 
2009a);  

4. Quaternary sedimentary aquifers, which tend to be local to intermediate in scale. Perhaps 
the primary Quaternary systems of note in northern Australia are the Quaternary sands of 
the Jardine River region, which in part sustain large dry season baseflows (Horn et al., 
1995).  

 

2.2.3 CLIMATE AND RIVER FLOW 
Northern Australiaʼs climate is characterised by highly seasonal, summer-dominated rainfall, high 
temperatures and high evaporation rates.  A large proportion of the study area is considered to be 
water limited at an annual scale (Li et al., 2009).  Mean annual rainfall varies across the region by 
more than an order of magnitude, from about 400 mm year-1 south of the Gulf of Carpentaria, to 
over 4000 mm year-1 on the steep coastal escarpments in the North-East Coast Drainage Division 
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(Figure 5).  Northern Australia has an orientation that is longitudinal in extent.  More than 90 % of 
rain falls between December and March (Li et al., 2009) as the inter-tropical convergence zone 
passes over the northern extent of the continent.  Rainfall is primarily generated by local and 
organised convection, tropical cyclones or tropical depressions.  The wet season has been 
defined by Petheram et al. (2009b) as running from November to April, and the water year from 
September to August.  Orographic uplift amidst the north east coast division results in high rainfall 
totals during the wet season and initiates some additional dry season rainfall for this region.  Inter-
annual variability of mean annual rainfall is approximately 30 % higher than in other parts of the 
world of the same climate type (Petheram et al., 2008).  

 

 

Figure 5.  Rainfall and potential evaporation map of northern Australia (data sourced from 
Li et al., 2009). 

 

All of the rivers considered by Petheram et al. (2009b) are externally draining and are ʻgaining 
systemsʼ on an annual scale, because rainfall increases coastwards.  Stream flow in northern 
Australia is considerably more seasonal and has a higher inter-annual variability, than do other 
world rivers of the same climate type (Petheram et al., 2008) and many of the rivers in the region 
have a base flow index (BFI) < 0.3 (Petheram et al., 2008).  Anthropogenic factors that confound 
prediction in ungauged systems elsewhere, such as river regulation, groundwater and surface 
water extraction and large-scale land use change (e.g. clearing or forestry), are minimal in 
northern Australia.  For example, few rivers in the region are regulated (CSIRO, 2009a; 2009b; 
2009c) and northern Australia boasts the largest intact tracts of tropical savanna in the world. 

 

2.3 OVERVIEW OF THE FOCUS CATCHMENTS 

2.3.1 WESTERN AUSTRALIAN CATCHMENTS 
The Kimberley region of Western Australia supports significant ecological, social-cultural and 
economic values.  Given its remoteness, waterways in the region have typically low levels of 
disturbance and are important representatives of natural systems in Australia and more generally 
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internationally (Douglas et al., 2005).  The region supports high-value ecological assets including 
relatively high biodiversity and endemism.  The area has a long history of Aboriginal occupation 
and waterway associated heritage and culturally important sites are numerous.  The region is rich 
in resources and mining activities represent a significant threat to the region from increased water 
resource use, increased infrastructure and concentration of populations.  Although the impacts 
are relatively diffuse, other threats to waterways of the Kimberley region include, invasion of 
weeds and feral animals, grazing, and altered fire regimes (Dixon et al., 2009). 

A number of studies have documented Indigenous and non-Indigenous values for Western 
Australiaʼs northern rivers and key threats to these values (e.g. Toussaint et al., 2001, Clark et al., 
2009; Storey et al., 2001).  In the case of irrigation futures, for example, changes to water 
allocations have been examined and a range of economic and social benefits for this use have 
been recognised [Irrigation Steering Review Committee (ISRC) 2005].  Indigenous values have 
been the main focus of research activities focused on the local and regional scale with 
considerable effort dedicated to the Fitzroy and Ord River (Toussaint et al., 2001; Finn and 
Jackson, 2011).  The impact on these values from the Ord irrigation scheme has been addressed 
by Lane (2003), who contrasts local Indigenous and non-Indigenous land use practices in the Ord 
region (Lane, 2003; Lane, 2004).  Potential impacts on local fish stocks, fish passage and 
migration, damage to the riverine environment - loss of places of cultural significance due to 
inundation, and the loss of areas with high eco-tourism potentials have all been identified as 
issues of concern from consultations with local communities (Beckwith and Associates, 1999; 
Stoeckl et al., 2006).  In the Kimberley region, the economic and social benefits from irrigation 
have been investigated and reported (e.g. IRSC, 2005).  Moreover, the value of Kimberley water 
for people living outside the region has been investigated, including consideration for Perth water 
supply (Kimberley Water Supply Expert Group, 2006).  Finally, the value of water sites for tourists 
along the Gibb River road has been assessed (Yuco Pty Ltd, 2003).  Across WA, Henry and Lyle 
(2003) document the catch and effort of recreational and indigenous fishing, the expenditure of 
recreational fishers, and the social value of indigenous fishing. 

The King Edward River and Dampier Mound Springs were selected as focus areas for the 
investigation of development and climate change effects in north western Australia.  

 

DAMPIER MOUND SPRINGS 

Background 

The Cape Leveque Coast catchment, including the Dampierland Interim Biogeographic 
Regionalisation for Australia (IBRA) region covers nearly 23,000 km2 (ANRA, 2002).  The 
Dampier region (Dampierland subregion - Pindanland) covers approximately 15,700 km2 
(Graham, 2002), extending north from Broome to the Dampier Peninsula, including the Fraser 
River catchment (Figure 6).  The Indian Ocean lies to the west of the Peninsula and King Sound 
to the east.  
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Figure 6. Cape Leveque Coast.  Inset shows geographical location within north western 

Australia. 

 

Sandplains and dunal systems dominate the landscape, which is scattered with seasonal 
swamps, some small rivers and creeks, and ephemeral wetlands (Vernes, 2007).  Mound springs 
also occur, and these are surrounded by swamp forest and dune-associated monsoonal vine 
thickets (Kenneally et al., 1996; Black et al., 2004).  These wetlands function as a network with 
strong hydrological linkages across the landscape (Environs Kimberley et al., date unknown). 

The unconfined Broome Cretaceous Sandstone aquifer underlies the area.  The region comprises 
a fine-textured sand-sheet with subdued dunes and includes the paleodelta of the Fitzroy River 
including three basic components (sensu Graham, 2002):  

 

• Quaternary sandplain overlying Jurassic and Mesozoic sandstones; 

• Quaternary marine deposits on coastal plains, with mangal, samphire, grasslands, 
Melaleuca alsophila low forests, and Spinifex sp. – Crotalaria spp. communities, and; 

• Quaternary alluvial plains associated with the Permian and Mesozoic sediments of Fitzroy 
Trough that support tree savannas of ribbon grass (Chrysopogon sp.) and bluegrass 
(Dichanthium sp.) with scattered coolibah (Eucalyptus microtheca).  Riparian forests of 
river red gum (Eucalyptus camaldulensis) and Cadjeput (Melaleuca sp.) fringe the 
drainages. 

 

The climate is characterised as dry, hot, tropical and semi-arid. The average annual rainfall of 450 
– 700 mm is strongly season, with most precipitation occurring over the wet summer season. 

Environmental condition of the bioregion is ranked at poor to fair (Graham, 2001).  Extent of 
threatening processes is poorly understood, primarily because of limited knowledge on the 
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biodiversity and ecological process within the region, and particularly for mound spring (and other 
wetland) ecosystems. The major land tenure and catchment land use is grazing (58% land area).  
In the past 12-18 months, focus has been centred around the State Government proposal to site 
an oil and gas hub on the north Kimberley coastline. The Northern Development Taskforce has 
undertaken feasibility studies into four possible locations, with the most feasible location 
(nominated by State Government) located at James Price Point on the Dampier Peninsula. 

 

Ecological values 

Although the ecology of the Dampier region is poorly documented, it is recognised as being of 
high conservation significance (SKM, 2009).  The Dampier Peninsula mound springs have been 
recently assessed as part of Western Australian trial of the High Conservation Aquatic Ecosystem 
(HCVAE) criteria (DEC, date unknown).  Of the four mound spring systems identified on the 
peninsula (Willie Wetland Springs, Bunda Bunda, Lollywell and Disaster Bay), only Willie Wetland 
ʻqualifiedʼ as a HCVAE (other sites had limited or no biological data and this may have affected 
their assessment (Vernes, 2007)).  Nonetheless, all four wetland systems have been classified as 
ʻThreatened Ecological Communitiesʼ or ʻecosystems at riskʼ by the Department of Environment 
and Conservation (Graham, 2002).  The Willie Creek Wetlands, the Bunda Bunda Mound Springs, 
and the Roebuck plains system have been classified as Wetlands of National significance (Lynch 
1995) (sensu EA, 2001; Vernes, 2007).  In addition to these ecosystems, monsoon vine thickets 
and coastal dune communities associated with the wetland complex are also listed as 
ʻThreatened Ecological Communitiesʼ (Graham, 2002).  Wetlands within the region are generally 
considered be in ʻgood healthʼ (Rodgers et al., 2001).  Notwithstanding this, Halse et al. (2002), 
describes the region as significantly impaired. 

Wetlands provide important habitat for waterfowl and wading birds (Johnston, 1983; Rodgers et 
al., 2001).  Graham (2002) identifies a variety of biota at risk including mammals, birds, reptiles 
and a variety of flora. A variety of poorly represented ecosystems that are likely to require some 
level of protection in the future are also identified.  These at-risk ecosystems include, 
assemblages of permanent/ephemeral wetlands, damplands, and riparian habitat; monsoonal 
vine thickets on coastal sand dunes; Disaster Bay mound spring communities; mound spring 
communities of Lolly Well spring, and; Nimalaica claypan community. 

Broad-scale vegetation mapping of the area describes the following components (sensu Graham, 
2002): 

 

• mangroves; 

• coastal dune communities; 

• ephemeral herblands/grasslands with scattered low trees; 

• mixed species tussock grasslands/sedgelands; 

• woodlands, open-scrub and grasses; 

• Melaleuca low woodland; 
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• grassy low open woodland; 

• Acacia low open-woodland/hummock grassland; 

• snappy gum low open woodland/hummock grassland; 

• Acacia shrubland/hummock grassland; 

• open shrubland/hummock grassland, and; 

• hummock grassland/low Acacia woodland. 

 

Significant values in the Dampierland region have been identified by Graham (2002).  The region 
is thought to support a high diversity of endemic taxa, such as the Camaenid land snails and an 
earthworm endemic to the rainforest patches.  Rainforest patches, mangroves, riparian zones and 
springs provide dry season refuges for a variety of biota.  A variety of rare features have been 
identified including: 

 

• numerous patches of unique dune-associated rainforest; 

• presence of declared rare species (Keraudrenia exastia and Pandanus spiralis var. 
flammeus); 

• the vast areas of grasslands (e.g. Roebuck Plains); 

• coastal swamps (e.g. adjacent to Eighty Mile Beach), and; 

• claypans that support populations of the uncommon aquatic plant, Nymphaea indica. 

 

Social and cultural values 

Aboriginal people of the Dampier Peninsula include the Bardi Jawi, Nyulnyul, Jabirrjabirr, 
Nimanburru and Ngunbarl.  Over 70 indigenous communities are located on the northern end of 
the peninsula.  All these groups have a strong salt water heritage based on living marine 
resources such as fish, dugong, turtle, mud crab, oysters and other intertidal shellfish (Environs 
Kimberley et al., date unknown).  The Aboriginal Sites Register shows high cultural value of these 
systems and occurrence of Aboriginal heritage sites (e.g. Willie Creek wetland).  However, Vernes 
(2007) noted that the documentation of these sites is far from complete and there are likely to be 
many more significant heritage sites associated with these wetlands. 

 

Development pressure, water resources use and other threatening processes 

The key industries for the Dampier Peninsula are pastoralism, tourism, fishing, aquaculture, 
pearling, small-scale horticulture, agro-forestry, proposed oil and gas mining and infrastructure 
development. 
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The groundwater resources on the Dampier Peninsula remain (currently) largely unexploited.  
Major users of the water resource include, the public water supply for the town of Broome, 
horticulture and stock, domestic and supply to Aboriginal communities on the Peninsula.  
Licensed use is currently low compared to the allocation limits set in the area.  No previous 
allocation plan for the entire Dampier Peninsula has been developed, but a groundwater 
allocation plan has been developed for the Broome Groundwater Area. 

Grazing, altered fire regimes and fragmentation represent key threats to Kimberley aquatic 
ecosystems (Dixon et al., 2009), including those on the Dampier Peninsula (Environment 
Australia, 2001; Graham, 2002).  Trampling, soil compaction and erosion due to grazing around 
the margins of wetlands, particularly Bunda Bunda and Disaster Bay (both of which are listed as 
ʻThreatened Ecological Communitiesʼ), is of particular concern (Graham, 2002).  Bunda Bunda is 
also threatened by excessive human disturbance, potential irrigated agriculture, groundwater 
extraction, causeway construction, feral animal invasion and the expansion of the Broome 
population (Yu and Yu, 1999; Graham, 2002).  The most significant threats to Lolly Well spring 
include ground water abstraction and road construction, which affect saltwater inflows and 
freshwater outflows.  Mineral sands, sandstone kaolin clay and brick deposits are mined and 
these activities pose a risk (Cooper and Flint 2005, cited by Vernes, 2007; Environs Kimberley, 
2003). 

 

Summary 

The Dampier Peninsula, and associated wetland ecosystems have significant ecological and 
socio-cultural value.  They are recognised as high conservation value and examples of 
Threatened Ecological Communities and Ecosystems at Risk. Rare and threatened biota are also 
supported within the wetland systems.  The Dampier Peninsula including the Broome area and its 
water resources are under increasing demand due to various proposals to develop areas for 
tourism, horticulture, forestry and infrastructure projects including the proposal for a large oil and 
gas hub.  Cumulative impacts of potential land use change and different types of development 
also looms as a real problem for management on the Peninsula.  However, limited knowledge on 
the hydrology, particularly groundwater surface water interactions, as well as biodiversity and 
critical ecological processes, constrains the establishment and application of appropriate 
management strategies.  Modelling and assessment of cumulative development impacts of often 
individually small-scale developments will greatly aid long-term sustainable management of the 
regions high conservation value aquatic ecosystems. 

 

NORTHERN KIMBERLEY HIGH CONSERVATION VALUE RIVERS 

Background 

The area referred to as the North Kimberley is situated between Derby and Wyndham extending 
along the Gibb River Road and north to the coast.  The North Kimberley sub-region covers 
roughly 17,185 km2 within the Timor Sea Drainage Division.  The region contains 30 major rivers 
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and many more tributaries and coastal estuaries, unique for being relatively undisturbed 
compared to other Australian rivers in temperate areas (Douglas et al., 2005; Water notes, 2008).  
Major rivers in the North Kimberley region include the Prince Regent, Mitchell, King Edward, 
Drysdale, King George and Berkeley. 

The Kimberley Region is recognised for significant social, cultural and ecological values (Vernes, 
2007) including, significant populations of migratory shorebirds, natural resources, indigenous 
heritage sites and contemporary cultural areas, tourism and pastoralism. 

This project focuses on the King Edward River catchment as a regional representative of highly, 
ecologically significant catchments in the North Kimberley region.  The King Edward River 
catchment includes the Carson and Morgan rivers that drain the upper reaches before joining the 
King Edward River, which discharges to the South Napier Broome Bay, near the community of 
Kalumburu (Figure 7).  The total catchment area is 17,621 km2, of which 8,400 km2 is drained by 
the King Edward River and the remainder is drained by the Carson (4,000 km2) and Morgan 
(5,200 km2) river subcatchments.  The King Edward River (221 km in length) drains the western 
side of the catchment.  The upper reaches drain undulating tableland in a confined channel of 
long narrow pools, small waterfalls and with limited floodplains (Water notes, 2008).  In the lower 
reaches, it becomes wider with large mid-channel bars.  Downstream of the confluence of the 
Carson River, the channel is characterised by long, wide pools alternating with shallower bedrock 
riffles. 

 

 
Figure 7.  King Edward River catchment.  Inset shows geographical location within north 

western Australia. 
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The Carson and Morgan rivers drain the eastern catchment.  The upper reaches of both these 
rivers are narrow and rocky.  In the mid-reaches, the channel widens and becomes braided with 
vegetated mid-channel bars.  The river channels typically alternate between rocky gorges and 
pools and small waterfalls (Water notes, 2008). 

The climate of the north Kimberley region is monsoonal and characterised by hot, wet summers 
and an extended warm, dry season between April and October (Vigilante et al., 2004).  Rainfall in 
the region is highly variable (among years) and strongly influenced by cyclones.  The mean 
annual rainfall varies from > 1200 mm in the lower reaches (Kalumburu) to approximately 1100 
mm in the headwaters (Doongan Station) (Vigilante et al., 2004; Morgan et al., 2009).  The mean 
annual outflow from the catchment is 3,250 GL (Larson and Alexandridis, 2009).  Mean water 
temperatures reflect the strongly seasonal climate; water temperature ranges from 28 to 32°C 
between October and November and 23 to 27°C during June and July (Morgan et al., 2009).  
Water conductivity in the catchment is typical of other rivers in the North Kimberley and is low (< 
500μS/cm) (Morgan et al., 2009). 

 

Ecological values 

The North Kimberley has been identified as one of 15 National Biodiversity Hotspots by the 
Commonwealth Government, which details areas of land that are rich in biodiversity but also 
under immediate threat (AHD, 2008). 

Twenty-two of Western Australiaʼs 49 Wild Rivers are located in the North Kimberley.  
Hydrological and biological processes in these systems, including the King Edward River are 
largely undisturbed (Williams et al., 1999).  The rocky, sandstone landscape of the King Edward 
River provides for a relatively stable river environment with minimal sediment movement and 
permanent pools with low turbidity.  The assessment of river health undertaken by Halse et al. 
(2005) described the King Edward catchment as “undisturbed”. 

The Kimberley region has a comparatively high diversity and endemicity of fishes (Hutchins, 
1977; Allen and Leggett, 1990; Morgan et al., 2009; Morgan et al. 2011).  One of the most 
extensive ecological data sets for the area is of fish communities from the King Edward and 
Carson rivers (Morgan et al. 2009).  Twenty-six freshwater species and three estuarine/marine 
species have been recorded from 42 sites within the King Edward and Carson rivers (including 
tributaries), making these catchments the most biodiverse for fish communities in Western 
Australia.  The presence of natural barriers (e.g. water falls) are considered important in 
determining fish assemblages throughout the catchment by limiting upstream migration of 
particular species including, bony bream, lesser salmon catfish, silver cobbler, black catfish, false-
spined catfish, freshwater longtom, Prince Regent hardhead, mouth almighty, barred grunter and 
Butlerʼs grunter, all of which are restricted to the lower reaches of the catchment (Morgan et al., 
2009).  Differences in fish assemblages between the upper King Edward River main channel and 
the main channel and tributaries of the Carson River were noted as well as the restricted 
distribution of some species e.g. Kimberley Mogurnda within the upper tributaries (Morgan et al., 
2009). 
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Social and cultural values 

The Kimberley region has evidence of Aboriginal occupation over the last 40,000 yrs (water 
notes, 2008).  Almost half the population is indigenous (Larson and Alexandridis, 2009).  
Waterways represent an integral part of indigenous life, however the significance of rivers, 
permanent and semipermanent pools and waterholes remains poorly documented in western 
literature.  These are important sites for recreation family interactions, food, ceremonial and law 
activities (Water notes, 2008).  Spiritual belief and ceremonial activities are often focussed around 
specific sites, the locations of which also remain poorly known to western science. 

The King Edward River catchment includes three traditional lands/languages: Wunambal 
Gaambera (mid-lower reaches of the western catchment of the King Edward River); Kwini/Belaa 
(mid- lower reaches of the eastern catchment of the King Edward River and the mid to lower 
reaches of the Carson and Morgan rivers), and; Ngarynyin (upper reaches of the King Edward, 
Morgan and Carson rivers) (Morgan et al., 2009). 

Notwithstanding the study by Morgan et al. (2009), most information on cultural values is available 
for the Wunambal Gaambera Country.  Much of the indigenous landuse is determined by four 
seasons: ʻWunjuʻ(wet season, December-February); ʻBandemanyaʼ (hot season, March-April); 
ʻYurmaʼ (cool season, June-August), and; ʻYuwalaʼ (build-up season, September-November).  The 
Wunambal Gaambera people manage their country according to the Wunambal Gaambera 
Healthy Country Plan, which identifies important river-associated cultural values (recorded from 
the King Edward River Crossing, ʻMunurruʼ) as: 

 

• Reptiles, including freshwater crocodiles (ʻgoyaʼ), water goannas (ʻwobardaʼ) and water 
pythons (ʻwunggurrʼ); 

• frogs (ʻjurrunyjaʼ or ʻngambaljaʼ) and tadpoles (ʻjombuʼ); 

• turtles, including the red or yellow faced turtle, ʻdijigudiʼ (Emydura sp.), bone snapping 
turtle (Elseya sp.) and the long-necked tortoise, ʻwulumaraʼ (Chelodina sp.); 

• fish (freshwater) or ʻgaawiʼ, including 21 species, many of which are eaten as traditional 
bush food including bony bream (ʻmarrijibirriʼ), spangled perch (ʻjelenjiʼ), archer fish 
(ʻwunggalbarrʼ) and longtom (ʻwuluwaʼ), and; 

• riparian/aquatic vegetation, including the waterlily (ʻmiyaniʼ) and the paper bark (ʻdan.giaʼ), 
which provide bush-food and shelter for animals. 

 

The main population centre in the North Kimberley region is Kalumburu, which was established in 
the early 1930ʼs, and is now a popular tourism destination.  Kalumburu is positioned at the mouth 
of the King Edward River catchment and access roads pass through the middle of catchment. 
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Development pressure, water resource use and other threatening processes 

The population density in the King Edward Catchment is low; 0.03 (Larson and Alexandridis, 
2009).  Based on the Australian Land Use and Management Classification (ALUM V6), 
approximately 65% of the catchment comprises land in “natural condition” while the proportion of 
the catchment under conservation, traditional indigenous use and production from unchanged 
land (e.g. grazing) is approximately <5%, 20% and 35% respectively (Larson and Alexandridis, 
2009).  This area has seen a change in land management practices over the last 10 years, with 
the growth of tourism ventures, expansion of environmental and cultural conservation areas and 
prospective expansion of mineral resource development. 

Increases in tourism as well as the spread of weeds and feral animals, has resulted in increased 
pressure being placed upon the regions waterways, many of which have high conservation 
values.  Current and future pressures on high conservation value rivers include recreation and 
tourism (e.g. eco-tourism enterprises), stock grazing, pastoral diversification and associated land 
clearing, mining and off shore developments, recreational fishing and aquaculture projects, weed 
and feral animal invasion, infrastructure, tourism and other developments (KDC, 2001; Graham, 
2002; Vernes, 2007; Water notes, 2008). 

The North Kimberley has significant known mineral deposits, such as diamonds, iron ore, bauxite 
and uranium.  Limited exploration data exists as isolation makes the deposits difficult to access 
and high exploration costs are major constraints for development of mineral deposits (KDC, 
2001). 

While historic pastoral activity in much of the region has degraded some of the riverine habitats 
through weed invasion, feral animal damage and livestock access, the waterways across the 
North Kimberley are generally considered to be in ʻgoodʼ condition, especially those located in 
more inaccessible areas (Halse et al., 2005).  

Cumulative impacts of potential land use change and different types of development also looms 
as a real problem for management in the Kimberley.  In the north Kimberley, pastoral 
diversification proposals, increased tourism and mineral development will potentially see a range 
of pressures on waterways and associated ecosystems.  

 

Summary 

Rivers in the north Kimberley region have significant ecological and socio-cultural value.  Although 
the population density in the area is low, recent and expected growth of tourism ventures, 
pastoralism and prospective expansion of mineral resource development represent a significant 
threat to the sustainability of these waterways. 

Permanent river pools in the King Edward Catchment are important in maintaining biodiversity 
and critical ecological processes during the dry season, low flow period.  Permanent river pools 
act as refugia for aquatic biota during seasonal dry periods.  These refuges, however, are also 
impacted by a range of activities including water quality degradation due to livestock, water 
abstraction and fire. 
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Investigation of the cumulative impacts of pastoral diversification and changing land use practices 
on the ecological character of Wild Rivers within the north Kimberley is therefore considered a 
priority. 

 

2.3.2 NORTHERN TERRITORY ASSETS 
The Northern Territory includes a diverse range of waterways and threats.  A variety of both 
perennial and ephemeral waterways in remote and developed catchments are represented.  
Groundwater discharge is an important feature of some catchments, maintaining perennial flow 
during the dry season months.  Catchments, particularly those in the Top End support a variety of 
ecological and social/cultural assets, including rare and threatened fauna and communities, 
important recreational and commercial fisheries, and significant indigenous cultural associations 
with the waterways.  Increasing pressure on Northern Territory waterways from mining, pastoral 
diversification and tourism, and associated demands on water resources represent significant 
threats.  Climate change, and particularly sea level rise, also threatens the lower reaches 
including the estuary of many drainages.  Seven focal catchments were identified for the 
investigation of climate change and development risks in the Northern Territory.  The Daly River is 
under substantial pressure, particularly from development of significant groundwater resources.  
The Darwin Harbour catchments drain the developed Darwin hinterland and contain significant 
social and cultural assets to the local Indigenous and non-Indigenous community.  The Roper 
River, like the Daly, features significant groundwater influence and associated threats with the 
development of this water resource. Rivers in the Top End, particularly the Adelaide, Mary, South 
and East Alligator and Arafura Swamp (Goyder and Gulbuwangay rivers) catchments are remote 
systems, with low gradients and extensive floodplains and coastal wetlands. 

In the Northern Territoryʼs Top End, the Daly region comprises land tenures associated with the 
most intensive current and future water usage.  Water availability and supply costs and likely 
demand for irrigation have been assessed by Hristova (2002).  There have been many studies 
examining Indigenous water values in the region (Finn and Jackson, 2011; Jackson and OʼLeary, 
2006; Langton, 2002), including groundwater resources of the Tindal aquifer (Cooper and 
Jackson, 2008).  In some regions wetlands have been identified as a focus area of importance for 
conservation values, spiritual values for Indigenous communities, cultural values for national and 
international populations, and resource use values for small remote Indigenous populations (Finn 
and Jackson, 2011; Palmer, 2004).  Various studies have examined the tourism and recreational 
fishing values of rivers (Coleman, 2003; Young, 2004), including the special value of indigenous 
fishing (Henry and Lyle, 2003).  Local, national and international values for wetlands and riparian 
ecosystems in Kakadu National Park have been documented (Finlayson et al., 2005; Woinarski et 
al., 2007). 

Background information on ecological, social and cultural values, and development and water 
resource use are provided for each catchment in the following sections. 
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DALY RIVER 

Catchment description 

The Daly River catchment, located approximately 200 km south of Darwin, comprises major river 
systems of the Katherine, Dry, Flora, Fergusson, Douglas, Fish and Daly rivers.  The total 
catchment area is approximately 52,647 km2 (Figure 8).  The catchment spans the Kombolgie 
geological formation, including sandstone escarpments, gorges and waterfalls, before flowing 
through braided channels and broad floodplains to the estuarine reaches that extend up to 40 km 
inland (Blanch et al., 2005).  As with other nearby catchments, there has been erosion to bedrock 
and peneplanation.  Dissected plateaus comprise Precambrian sediments and rocky Cretaceous 
outcrops that occur throughout the catchment and represent important groundwater recharge 
sites (Blanch et al., 2005). 

 

 
Figure 8.  Daly River catchment.  Inset shows geographical location within Northern 

Territory. 

 

The Catchment has a typically wet-dry monsoonal climate.  Annual rainfall over the catchment 
averages approximately 1000 mm, with 90% falling between the months of November to March 
(Jolly, 2002).  As a result, river and stream flow is highly seasonal.  The median annual stream 
flow for the Daly River, recorded at Mt Nancar gauging station (from 1970 to 2000) was 6,200 GL 
(Dixon et al., 2010).  The Daly River has the highest base-flow of all Northern Territory rivers 
(Blanch et al., 2005), with groundwater discharge contributing an estimated 600,000 ML.yr-1 (Daly 
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Region Community Reference Group, 2004).  The main aquifers contributing this groundwater are 
the Cretaceous Sandstone, Oolloo-Dolostone and the Tindall Limestone aquifers.  The Daly is 
unique within the region for having perennial flow; groundwater expression maintains surface 
flows over the dry season. 

The region is recognised as Nationally significant for a variety of aquatic conservation values 
(Blanch et al., 2005) and more generally for its near-pristine waterways and relatively undisturbed 
environment.  These conservation values include: 

 

• high-baseflow creating perennial flow conditions; 

• second highest discharge of any Australian river; 

• limestone and karst geology including significant aquifer, sinkhole and tufa dam 
ecosystems; 

• high water quality, particularly naturally low levels of nitrogen and phosphorous; 

• nationally and internationally significant wetlands and floodplains; 

• high diversity and abundance of waterbirds; 

• largest population of pig-nosed turtle in Australia; 

• high diversity of fish, including recreationally important species and those with national 
and international conservation significance, and; 

• extensive native vegetation (Blanch et al., 2005). 

 

Ecological values 

Significant conservation values have been identified and include the Middle reaches of the Daly 
River (listed on the Register of the National Estate), approximately 353,000 ha of floodplain and 
dampland wetlands, the estuary and lower floodplain (identified as satisfying waterbird based 
criteria for listing as Wetlands of International Importance under the RAMSAR Convention) and 
the largest population of pig-nosed turtle, which is classified as “near threatened” in the Northern 
Territory (Blanch et al., 2005; Scott, 2006). 

Areas of the catchment support high levels of endemism.  The upper reaches of the sandstone 
plateau support localised ranges of 50 vascular plants and a number of invertebrates, fish, frogs, 
reptiles and mammals (Blanch et al., 2005).  

Forty-five freshwater and estuarine fish species have been recorded from the Daly River 
Catchment (NAFF, 2011).  In a recent survey undertaken by Dixon et al., (2010), the most 
frequently encountered species included Spangled Grunter Leiopotherapon unicolor, Western 
Rainbowfish Melanotaenia australis and Purple-spotted Gudgeon Mogurnda mogurnda.  Species 
richness per site ranged between four and 17.  Observed/Expected ratios ranged from 0.47 to 
0.94, with generally lower ratios observed in more disturbed sites (Dixon et al., 2010).  The 
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catchment also supports populations of the threatened freshwater sawfish (Pristis microdon and 
P. clavata) and freshwater whipray (Hymentura sp.) and may also support populations of the 
threatened northern spear-toothed shark (Glyphus sp.) and the strawman (Blanch et al., 2005).  
One species, the Katherine River gudgeon, is considered endemic to the catchment. 

Approximately two hundred species of aquatic macroinvertebates have been recorded from the 
Daly River catchment (Dostine, 2000), many of which are uncommon within the catchment (Rea 
et al., 2002, cited by Blanch et al., 2005).  Macroinvertebrate taxa of particular significance 
include: 

 

• the naucorid bug, Aphelocheirus australicus, known from only a few sites in northern 
Australia; 

• three species of freshwater snail (Notopala), many of which are confined within a small 
range or a single waterbody, and; 

• commercially valuable crustacean including the giant freshwater prawn (Machrobrachium 
rosenbergii) and the freshwater crayfish (Cherax quadricarinatus). 

 

In a recent survey of macroinvertebrates in the catchment, Dixon et al. (2010) noted that 
approximately half of the surveyed sites (41) had Observed /Expected ratios approaching unity 
and that catchment wide, macroinvertebrate assemblages were in moderate-good condition. 

The Daly River catchment supports a greater diversity (8 species) of freshwater turtle than any 
other system in Australia (Blanch et al., 2005).  Of these, the pig-nosed and northern snapping 
turtle have 25-50% of their Northern Territory records from the Daly River (Price et al., 2003).  The 
pig-nosed turtle is considered near threatened under the Territory Parks and Wildlife 
Conservation Act (Blanch et al., 2005).  

Waterbirds also visit and reside in wetlands of the catchment in high diversities and abundances 
(Chatto, 2000; 2005).  Forty-five waterbird species have been recorded from sites around the 
lower Daly River floodplain.  From a 2,500 km2 area including wetlands, floodplains and estuaries 
of the region, 560,000 shore birds were recorded (Chatto, 2000), representing 26.8% of the total 
number of shorebirds counted in surveys across the Top End of Australia. 

A savannah landscape dominates the Daly River Catchment.  Highly leached, nutrient poor soils 
support open grassy eucalypt forest (Blanch et al., 2005).  These woodlands are mixed with 
monsoon rainforest patches and wetlands. Some areas of tall woodland are supported on the 
deeper, red soils that occur in some areas of the catchment (Blanch et al., 2005).  Monsoon 
rainforest patches are of significant ecological value and support 13% of the Northern Territories 
flora in 0.5% of its area (Price et al., 2003). 

An area of continuous riparian forest in the lower reaches of the catchment represents the largest 
patch of rainforest in north western Australia (Scott, 2006).  Riparian zones are dominated by 
paperbarks (Melaleuca sp.) river oaks (Casuarina cunninghamii) and Leichardts tree (Nauclea 
orientalisi) (Blanch et al., 2005).  Riparian vegetation is generally considered to be in moderate to 
good condition (Dixon et al., 2010), nonetheless, approximately 4% of the catchment area has 
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been cleared of native vegetation (Blanch et al., 2005).  The most ecologically significant water 
plant found in the catchment is Vallisneria nana (Rea et al., 2002).  This plant dominates aquatic 
plant communities in the mid-reaches of the catchment, where it provides habitat and food 
resources for a variety of biota, and particularly the pig-nosed turtle (Blanch et al., 2005).  
Macroalage (Spyrogyra sp.) and charophytes (Chara sp.) also occur in the mid-reaches of the 
catchment, particularly during the dry season, when they contribute most to the aquatic plant 
biomass, and are thought to contribute substantially to riverine productivity (Webster et al., 2005). 

The catchment contains extensive and diverse wetland systems, many of which occur outside of 
the protected area network (Begg et al., 2001).  Seven different wetland types have been 
described (Begg et al., 2001); sumplands, stream sinks, springs, floodplain, waterholes, 
seepages and damplands.  Although considered ecologically intact (Blanch et al., 2005), little 
information exists on their biology, ecology and hydrological significance.  Nonetheless, they are 
assumed to play a vital role in the regions water cycle, as areas of recharge and discharge of 
groundwater, and provide important refugia for water dependent biota during the dry season 
(Blanch et al., 2005).  Although none is listed under the RAMSAR Convention, the Daly River 
floodplain and estuary satisfy waterbird related criteria for listing under this convention (Chatto, 
2005).  Shorebird censuses also indicate the lower reaches satisfy criteria for listing under the 
East Asian-Australasian Shorebird Network (Chatto, 2000). 

 

Social and cultural values 

The Daly River catchment is of great social and cultural significance to Indigenous and non-
Indigenous Australians (Blanch et al., 2005).  For over 100 years, non-Aboriginal people have 
developed land for agriculture and mining, and more recently there has been increasing interest in 
tourism and recreational activities (Scott, 2006).  Conservation parks and reserves make up 
roughly 5,500 km2 (Daly Region Community Reference Group, 2004) and attract a large number 
of visitors to the region and support a variety of cultural and recreational activities.  Waters of the 
catchment support significant recreational barramundi fishing. 

Twelve Indigenous language groups are represented in the catchment and each retains strong 
links to the river and associated landscape (Blanch et al., 2005; Scott, 2006).  In the most 
extensive available analysis, Jackson (2004) undertook a broad assessment of Indigenous social 
and cultural values in the Daly River region.  This report identified the most significant social 
values as those that promoted a sense of security, self-expression, belonging, identity and 
spirituality. 

Many of the sacred sites recorded by the Northern Land Council/Aboriginal Areas Protection 
Authority are associated with the Daly River and its tributaries (Jackson, 2004).  Significant 
cultural water sites include rivers and creeks and their associated features, including gorges, 
waterfalls, plunge pools, waterholes, billabongs and springs. Areas away from waterways such as 
seasonally inundated swampy areas and isolated rockholes and springs and groundwaters, 
including the water of the Tindall Aquifer, are also significant and feature in Aboriginal ritual 
knowledge (Cooper and Jackson, 2008).  Kangaroo Rock, in particular, is a significant site for its 
importance in local dreaming stories (Jackson, 2004).  Other water bodies also have clear 
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historical cultural significance.  For example, Douglas hot springs, Reedy Hole on Jool Chung 
Creek, Banyan Waterhole and Flora River are important areas for fishing and hunting during wet 
season walk-a-about.  More generally, the rivers and creeks in the catchment represented 
important pathways that provided food and shelter during times of travel (Jackson, 2004).  These 
places are also important in remembering birthplaces, life-cycle events and the death of previous 
generations (Toussaint, 2001).  Cultural etiquette including baptisms and welcoming rituals, 
especially to water bodies, are also carried out at specific sites and many of the springs are 
considered a source of well-being (Jackson, 2004). 

Based on an examination of Indigenous responses to environmental change (Jackson, 2004), 
particular values of the Daly River and associated waterways can be inferred.  These include: 

 

• deep water holes; 

• condition of the estuary, particular its depth and extent of saline intrusion; 

• water quality, particularly, water clarity as it relates to its suitability for drinking and fishing; 

• sacred sites; 

• stability of banks and condition of streamside vegetation; 

• presence of permanent billabongs and springs, many of which are recognised as sacred 
sites and their value for fishing and hunting; 

• particular water dependent food species, such as the long-necked turtle, short-necked 
turtle and pig-nosed turtle, fish and other game that shelter and drink from permanent 
water sources, and; 

• free access to the river and wetlands for spiritual cultural and recreational activities. 

 

Development pressure, water resources use and other threatening processes 

The Daly River catchment is under development pressure from native vegetation clearing and 
consumptive groundwater use. The catchment supports significant agricultural development 
(Blanch et al., 2005).  Many of the rivers have had beneficial uses (environmental values) 
declared under the NT Water Act.  A water allocation plan has been developed for the Katherine 
region to manage groundwater extraction. 

In 2008, the two major land uses within the catchment were grazing of native vegetation (50%), 
and conservation and natural environments (42%) (Dixon et al., 2010).  Other land uses include 
grazing of modified pastures, cropping (e.g. hay, silage, peanuts) and horticultural production (e.g. 
mangoes).  An additional 110,400 ha of land was identified by the Northern Territory Government 
as being potentially suitable for clearing and agricultural development (Blanch et al., 2005).  
Although a moratorium on land clearing and pastoral subdivisions remained in place in some 
areas of the catchment up until 2007, there were still large-scale land clearing activities being 
approved in other parts of the catchment (Scott, 2006). 



NAWFA: Climate change and development risks in northern Australian aquatic ecosystems 
 

 
Page 24:  Tropical Rivers and Coastal Knowledge Report 

Three types of cattle grazing occur in the Daly River catchment: 

 

(1) controlled paddock grazing (fenced paddocks on land cleared for improved 
pastures); 

(2) controlled open grazing (fenced or unfenced paddocks on mostly uncleared 
native savannah); and, 

(3) semi-controlled wild grazing (usually unfenced on uncleared savannah). 

 

All types of grazing in the catchment typically have unrestricted access to the riparian zone and 
river channel.  

In a recent investigation of river health (Dixon et al., 2010), two “development” zones within the 
Daly River catchment were identified based on a minimum threshold (7.5% of subcatchment area) 
for clearing of native vegetation. The resulting ʻDeveloped Zoneʼ forms 19% of the entire Daly 
River basin (Figure 9). 

 

 
Figure 9.  Daly River catchment stratified into two zones: ʻDevelopedʼ and ʻUndevelopedʼ.  
The developed region lies within the Potential Agricultural Zone (sourced from Dixon et 

al., 2010). 

 

The region of highest terrestrial and water management priority in the Daly River catchment is an 
area identified as having agricultural potential, based principally on soil suitability (termed the 
ʻPotential Agricultural Zoneʼ).  This area is most developed (based on the proportion of native 
vegetation cleared), though some sub-catchments remain in a largely undeveloped (uncleared) 
state and can be considered to be in reference condition but not pristine (cattle grazing often 
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occurs on uncleared lands, with unrestricted access to waterways).  Altered fire regimes also 
represent a significant impact within the Daly River catchment (Dixon et al., 2010).  

Dixon et al. (2010) reviewed anthropogenic disturbance of hydrological regimes in the Wet/dry 
tropics of northern Australia.  They considered the primary factors influencing aquatic systems in 
the Daly River included: 

 

• cattle grazing - stock congregate around water, devegetate hill slopes and alter hydraulic 
soil properties which can alter runoff regimes;  

• tree clearing - can increase runoff as well as groundwater recharge.  Between 1977 and 
2008, the total amount of land in the Daly River catchment cleared of native vegetation 
was 5.32%.  The majority (two thirds) of this clearing has occurred on pastoral leases for 
improved pasture or fodder cropping to increase carrying capacity of stock (Dixon et al., 
2010).  

• fire regime - reduces catchment and streamside vegetation altering runoff regimes; 

• surface water storage and extraction – Although impoundment is not significant in the 
Daly River catchment, two dams supply domestic water demand. Copperfield Creek Dam 
(capacity approx. 4000 ML), located in the headwaters of Copperfield Creek, receives 
water pumped from downstream of the storage during the wet season. Donkey Camp 
Pool storage, located on the Katherine River, allows a surface water extraction of 4,500 
ML.  The impact of extraction from surface waters may have a pronounced impact on flow 
regime during the dry season.  

• groundwater storage and extraction - The estimated storage of the Daly Basin (Tindall-
Oolloo aquifer system) is 350,000 GL, and volume of recharge 1,000 GL/yr (Tickell, 
2009).  Up to 100 GL may be available for resource use from the aquifer system.  
Significant groundwater extraction occurs in the Daly River catchment for riparian, public 
or agricultural water supply including: 

o  ~ 60 GL from the Daly River catchment for use as irrigation for agricultural crops 
(Tickell, 2009).  

o ~ 900 ML for public water supply for Katherine (NRETAS 2009). 

 

Dixon et al. (2010) found the current level of water resource development in the Daly River 
catchment had no measurable disturbance to flow regimes.  Future scenarios of groundwater 
extraction do have impacts on flow regime, especially for the Katherine River.  

Based on an analysis of Indigenous responses to environmental change (Jackson, 2004), key 
threats to the catchments indigenous values can be inferred as: 

 

• sedimentation and shallowing of the river channel and estuary, and erosion of river banks 
due to agricultural land use; 
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• altered surface and ground water regimes due to water extraction and clearing of native 
vegetation for agriculture and domestic water supply, and particularly its effect on the 
permanence of wetlands and springs, and connectivity between the river and floodplain; 

• reduced water quality due to agricultural practices; 

• increases in non Indigenous use of the river for recreational (e.g. fishing) activities, and; 

• invasion of weeds and feral animals. 

 

Summary 

The significance of the Daly River Catchment, at a continental scale is threatened by proposals 
for significant water extraction, land clearing and agricultural development, as well as by invasive 
species, over grazing and wildfires (Blanch et al., 2005).  Water dependant ecological processes 
are strongly influenced by the groundwater dependent perennial flows.  The regional significance 
of these characteristics is high, given that most other catchments cease to flow of the dry season 
months.  Management of recharge zones for the aquifers providing this groundwater resource is 
critical (sensu Tickell et al., 2002). 

 

DARWIN HARBOUR CATCHMENT 

Catchment description 

This catchment was only nominated for consideration of the relationship between the assets and 
their associated cultural and social values.  The region was nominated as a focal catchment for 
this project because development pressures are highest for the Darwin harbour catchment.  The 
following discussion provides background on the catchment, including ecological values, and 
focuses on social and cultural values and development, water resource use and other threatening 
processes. 

The Darwin Harbour Catchments include the Elizabeth River, Blackmore River, Shoal Bay 
catchments and several smaller urban and rural catchments.  The area covers approximately 
2000 km2 (Figure 10) (Dixon et al., 2009; Darwin Harbour Advisory Committee, 2010).  The 
catchments are bounded at the seaward margin by Charles Point in the south to Gunn Point in the 
north, including the estuarine areas, tributaries and catchment areas of Cox Peninsula, Woods 
Inlet, West Arm, Middle Arm, East Arm, and the Howard River.  Most rivers and streams in the 
Darwin Harbour catchment flow seasonally, commencing in December-January and ceasing to 
flow between May and July (Dixon et al., 2009).  Flow between April and June is predominantly 
groundwater baseflow from shallow aquifers; surface water runoff contributes minimally to stream 
flows during this period (Dixon et al., 2000).  Some smaller catchments are perennial due to input 
of groundwater from deeper aquifers.  Approximately 65% of the region is terrestrial and 35% 
coastal and marine. 

The stream network is dominated by first order streams (71%), with the maximum stream order 
four (Dixon et al., 2009).  Maximum elevation in the catchment is in the southern foothills, 140 
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m.a.s.l, (Haig, 2003).  The geology comprises dolomite, carbonate, sandstones, shale, siltstone, 
schist granite and metamorphic rocks (Haig, 2003). 

 

 
Figure 10.  Darwin Harbour catchment.  Inset shows geographical location within the 

Northern Territory. Sourced from Darwin Harbour Advisory Committee (2010). 

 

The Darwin Harbour strategy (Darwin Harbour Advisory Committee, 2010) identifies overarching 
values of the region as: 

 

• providing the regionʼs drinking water; 

• a vital hub for road, rail, sea and air transport; 

• providing a significant range of popular recreational opportunities; 

• an important tourist attraction and destination; 

• supporting a variety of primary and manufacturing industries, in particular the extractive 
minerals industry and gas manufacturing; 

• significant Larrakia and other Aboriginal cultural heritage; 

• significant European and Asian heritage, and; 

• a diverse range of marine, estuarine, freshwater and terrestrial environments. 



NAWFA: Climate change and development risks in northern Australian aquatic ecosystems 
 

 
Page 28:  Tropical Rivers and Coastal Knowledge Report 

 

High conservation value assets (National Sites of Conservation Significance) cover a total area of 
1,374 km2 (~ 60% of total catchment area) and have been previously documented by Harrison et 
al. (2009) and Ward and Harrison (2009). These assets include: 

 

• Conservation reserves: Tree Point, Shoal Bay, Casuarina, Blackmore River; 

• Charles Darwin National Park; 

• Territory Wildlife Park / Berry Springs Nature Park; 

• Howard Springs Nature Reserve; 

• Manton Dam Recreational Reserve; 

• Adelaide River floodplain system; 

• Port Darwin; 

• Shoal Bay – Micket Creek; 

• Howard sand plains; 

• Shoal Bay, and; 

• Darwin Harbour. 

 

Seasonally inundated wetlands are also a significant aquatic feature of the region.  They are 
thought to be highly productive and support a diversity of species endemic to the Northern 
territory (Cowie, 2003).  Freshwater fauna of the Darwin Harbour catchments are typical of other 
lowland aquatic ecosystems of the western Top End; they contain few threatened species and 
exotic species are largely absent. 

Although the aquatic ecosystems of the region are generally ʻhealthyʼ, they are vulnerable to 
localised degradation from wastewater, urban stormwater, and the impact of aquatic weeds and 
pests (Dixon et al., 2009; Darwin Harbour Advisory Committee, 2010).  River flows have not been 
significantly modified, except for the Darwin River, and water quality is considered ʻgoodʼ in most 
cases (Dixon et al., 2009).  A diverse range of flora and fauna are supported and the landscape 
and riparian vegetation are relatively intact (Dixon et al., 2009).  Most disturbances to aquatic 
ecosystems are confined to the Darwin City region, where the pressures of land use have 
impacted stream water quality and macroinvertebrate diversity.  Although the estuarine 
waterways of the region are generally in ʻgood conditionʼ, several areas that are subject to point 
sources and urban influence show signs of localised impact, and poor water quality. 

 

Social and cultural values 

The most comprehensive documentation of the social and cultural values of waterways within the 
Darwin Harbour catchments is for the Howard River (Woodward et al., 2008) (see Figure 10). 
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Many of these, with the exception of specific sites, are presumably transferrable throughout the 
Darwin Harbour catchments. Within the Howard River catchment, a list of 20 socio-cultural values 
were identified, including: 

 

• education, teaching, knowledge transfer and research; 

• aesthetics (e.g. bird watching); 

• recreational activities (e.g. fishing, hunting, swimming etc.), and; 

• cultural obligation and gathering. 

 

15 specific waterbodies and wetlands of significant social and cultural value have been identified 
within the Howard River Catchment (Woodward et al., 2008).  Four sites within the catchment are 
recognized as Australian National Heritage Sites through their listing on the National Estate; each 
presumably has dependence on hydrological (surface or groundwater) regimes: 

 

• Black Jungle: present on spring fed areas adjacent to coastal floodplains and includes 
nationally and regional rare and endangered plant species; 

• Black Jungle orchid site:  adjacent to creeks in low lying swampy lands; 

• Black Jungle palm site: present in riparian zones, and; 

• Holmes Jungle and Swamp and Micket Creek complex: spring fed coastal wetland 
complex (Woodward et al., 2008). 

 

The Darwin Harbour catchment includes large parts of the land and seas country of the Larrakia 
people and some of the country of the Kungarakany people (southern part of the catchment) 
(OʼLeary, 2003).  There are also Tiwi burial sites within the broader catchment (OʼLeary, 2003).  
For the Larrakia, the regionʼs environments are ʻcultural landscapesʼ that are vital to their well- 
being.  Tidal mudflats and mangrove lined waterways, lagoons, floodplains, woodland, and the 
sea itself, comprise a variety of plant, animal and marine resources, which are managed, 
harvested, hunted and fished by Larrakia people.  Larrakia people have oral traditions and written 
documentation of their unbroken relationship to their land, sacred sites, stories and resources.  A 
rich oral history links land, sea and culture from generation to generation. 

As at 2007, the Howard River catchment contained 30 recorded and 20 registered sites of 
significance on the Register of Aboriginal Sites.  These included ʻdreamingʼ sites, sites of 
occupation, meeting places and places of ceremony.  Many of these are groundwater dependent 
landscapes including, rivers, lakes, wetlands and springs.  Customary use of the area by the 
Larrakia people include, harvesting and hunting of food and bush medicines, spiritual activities 
such as conception, birth and burial ceremonies, maintaining historical connections and 
knowledge transfer, and cultural expression (Woodward et al., 2009).  The country supplied a 
variety of food and other resources (e.g. hunting tools, jewelry) from both plants (e.g. long yam, 
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green plum, cabbage palm etc) and animals (e.g. stingray, shark, and mud mussel) (Woodward et 
al., 2008).  

The Darwin Harbour Catchment contains important regional recreational fishing values.  
Approximately 45% of the total fishing effort in the Northern Territory occurs in the Darwin 
Harbour (Harrison, 2003).  Significant species include Barramundi and mud crab (sensu, 
Woodward et al., 2008). Hunting is also a valued recreation and targets water dependent species 
including a variety of ducks and geese. 

 

Development pressure, water resources use and other threatening processes 

The Darwin Harbour region is currently experiencing unprecedented growth and development 
pressures (Darwin Harbour Advisory Committee, 2010). The current estimated residential 
population across the six local government areas is more than 125,000 (ABS, 2010).  Additionally, 
an estimated 766,000 tourists visit the Darwin region annually (Tourism NT, date unknown).  
Population projections released by the Australian Bureau of Statistics predict that the population 
of Darwin will double in size between 2007 and 2056 (ABS, 2008).   

While sediment and water quality is comparable to other rivers in the wet-dry tropics, there is local 
evidence of degradation in water quality from sewage effluent (e.g. Buffalo Creek) and storm 
water runoff (e.g. Ludmilla Creek), and in sediment quality from elevated concentrations of heavy 
metals (e.g. Hudson and Sadgrove Creek) (Padovan, 2003). 

Key industries in the region that are likely to undergo expansion in the future include mining and 
extractive technologies (Sand, gravel, soil and rock), as well as gas and petroleum development 
(Adams, 2003).  This growth will intensify pressure on the Harbour environment and the wildlife it 
supports. In 2003, there were 39 granted tenements and 20 tenure applications for mining, and a 
proposal for a LNG petroleum plant at Wickham Point (Adams, 2003). 

Primary industry and fisheries also have a significant regional role within the catchments.  In 
2003, it was estimated that approximately 90% of horticultural production (mangoes, melons, 
banana, exotic fruit trees, Asian vegetables and cut flowers/nurseries) in the wider Darwin region 
occurred in the Harbour catchments (Kirby, 2003).  Live animal industries (e.g. export of cattle, 
pigs, chickens, buffalo, horses, camels, goats and deer) and aquaculture are also present, and 
have significant potential for expansion and intensification in the future (Kirby, 2003). 

Dixon et al. (2009) and Woodward et al. (2008) have provided recent reviews of water resource 
use in the Darwin Harbour catchments.  Water supply for Darwin is provided by both groundwater 
and surface water storages.  Ten percent of the water supplies are sourced from the McMinns 
and Howard East borefields, with the Darwin River Dam (storage capacity, 260,000 ML) supplying 
the remaining 90% of water demand.  All other catchments in the region remain relatively 
hydrologically undisturbed (Dixon et al., 2009).  Groundwater extraction has increased since 1980 
to meet the demands of an expanding rural population requiring stock and domestic and 
agricultural water supply.  By 2002, 3,200 groundwater bores extracted an estimated 35-42,000 
ML.yr-1 (Haig and Townsend, 2002).  The Darwin River Dam extracts an estimated 38,000 ML.yr-

1.  The current level of combine groundwater and surface water extraction (up to 80,000 ML.yr-1) 
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represents ~ 20% of the mean annual catchment runoff and approximately 4-5 times dry-season 
runoff.  The most significant changes in natural hydrological regimes are evident in the Darwin 
River, where low flows have been most impacted. Runoff from some smaller catchments that 
drain urban developments have also experience approximately 15% increase in runoff (Haig, 
2003). 

Major impacts on aquatic ecosystems of the Darwin Harbour catchments, and those that are 
expected to intensify under both development and climate change scenarios include: 

 

• sedimentation; 

• nitrification and other pollution; 

• loss of wetlands; 

• land clearing, agricultural and horticultural expansion; 

• population expansion, including that relating to tourism; 

• weeds and feral animals; 

• hydrological alteration, and 

• wildfire. 

 

Summary 

The Darwin Harbour catchments represent probably the most anthropogenically-impacted 
catchments in the Northern Territory.  Proximity to major settlements, and the potential for 
agricultural development, is driving unprecedented growth and development pressure.  The 
catchments support significant social and cultural values, many of which are linked to water 
dependant ecosystems, or the flora and fauna that these systems support. Currently, eco-social 
and eco-cultural relationships are poorly understood, particularly as they relate to potential 
impacts from future developments. 

 

ROPER RIVER 

Catchment description 

The Roper River catchment lies to the south east of the Daly River and drains to the Gulf of 
Carpentaria.  The catchment area is 79,617 km2 and has an annual outflow of approximately 
5,000 GL (Larson and Alexandridis, 2009).  Mean annual rainfall is approximately 922 mm (mean 
for 1994-2005), although it is temporally and spatially variable (AWR, 2005).  Rainfall decreases 
steadily from north to south (~ 50% decline) and occurs almost exclusively during the wet season 
(November to March) (AWR, 2005).  Mean monthly rainfall varies from zero to 216 mm during the 
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wet season (Faulks, 2001).  Mean annual evaporation exceeds rainfall for nine months of the 
year, reaching its maximum in October and November (Faulks, 2001).  

The catchment comprises seven subcatchments (SKM, 2009) (Figure 11): 

 

• Roper River; 

• Walker River; 

• Koolatong River; 

• Towns River; 

• Limmen Bight River; 

• Rosie River; and 

• Groote Eylandt surface water management area. 

 

 
Figure 11.  Roper River catchment.  Inset shows geographical location within the Northern 

Territory. 

 

Contributions from each of these catchments to Roper River flows are highly variable.  Perennially 
flowing subcatchments include, the Hodgson, Waterhouse, Wilton and Roper rivers and Flying 
Fox Creek, the dry season base flows of which are provided from groundwater discharge (Faulks, 
2001).  The Daly Waes and Elsey Creek are both ephemeral.  Although some permanent water 
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holes remain throughout the dry season, many dry completely by August or September (Faulks, 
2001). 

Geologically, the Roper River catchment is complex.  The catchment comprises six major 
landforms including, plateau escarpments, gorges, plains, drainage lines, floodplains and 
billabongs, and salt plans and tidal flats (Faulks, 2001).  A total of 62 land systems have been 
identified, which represent six geomorphic provinces: low relief plains; high relief inland 
escarpments and plains; high relief sandstone plateaus; low gradient plains hills, rocky plateaus 
fluvial channels, floodplains and associated swamps, billabongs and springs; low relief plains, 
fluvial corridors and swamps, and; low relief coastal terraces (Faulks, 2001). 

The stream network is dominated by pools and riffles/runs, and waterfalls are a feature of some 
subcatchments with steeper topography, gorge systems and tufa formations (Faulks, 2001).  
Channel habitats are generally diverse in the mid to upper catchment and comprise several 
hydraulic biotypes including pools, runs, riffles and cascades.  The lower reaches of the rivers are 
dominated by tidal pools (Faulks, 2001) and extensive samphire and alluvial san/mud flats. 

The catchment is dominated by ʻland in natural conditionʼ (~ 50%) and traditional indigenous use 
(~ 40%) (Larson and Alexandridis, 2009).  Approximately 50% of the catchment supports 
production from unchanged land (Larson and Alexandridis, 2009). 

The catchment is under increasing development pressure from mining and irrigated agricultural 
production, with some major developments proposed.  These pressures are akin to the pressures 
for the Daly River, however there has not been the history of research and investigation.  There is 
basic hydrographic and land use data available for the catchment.  The region is of high 
ecological significance in northern Australia as it represents one of a few perennially flowing river.  
The prime reason for its nomination as a focal area for this study is explore increased extraction 
scenarios and climate change impacts associated with significant upstream intrusion of the 
saltwater. 

 

Ecological values 

SKM (2009) identified two wetlands of national significance in this region: the Limmen Bight (Port 
Roper) Tidal Wetlands System, and the Mataranka Thermal Pools.  There are no RAMSAR listed 
wetlands in this region (SKM, 2009). 

The Limmen Bight includes tidal (estuarine) wetlands located in the far south west corner of the 
Gulf of Carpentaria.  The site includes all tidal mudflats, estuaries and saline coastal flats, notably 
those associated with Phelp, Roper River, Towns and Limmen Bight rivers.  Adjoining permanent 
shallow marine waters less than 6 m deep (at low tide) and the small islands of Low Rock and 
Sand Island are also included.  The system has significant ecological value as a major migration 
ʻstop‐overʼ for shorebirds, making it the most important coastal site in the Northern Territory for 
migratory birds.  The seagrass beds are a major breeding area for prawns and an important 
feeding area for dugong and the green turtle (Faulks, 2001; SKM, 2009). 

The perennial spring-fed flows, floristic diversity and restricted range of riparian vegetation have 
been identified as ecologically important within the Elesey National Park (Faulks, 2001).  Located 
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within Elsey National Park, the Mataranka Thermal Pools are Microscale irregular lakes that have 
been artificially enlarged.  The pools are maintained by permanent thermal springs that eventually 
drain into nearby Waterhouse River.  The site is permanently inundated with wet season floods 
from the Waterhouse River and supports Mataranka palm, which has a restricted distribution in 
the Northern Territory (Faulks, 2001).  

In terms of rare, vulnerable and threatened species, the Roper Region supports one species of 
vulnerable flora, five species of rare plants and six species of threatened flora, listed under the 
EPBC Act 1999 (SKM, 2009).  Of these the pig-nosed turtle is considered a significant ecological 
asset within the Roper River catchment (Faulks, 2001). 

Most of the catchments waterway length (~ 75%) is undisturbed, while approximately one third 
has slight modification from the effects of grazing and infrastructure (roads, causeways etc) 
(Faulks, 2001).  Features of the Roper River showing most disturbance include river bed stability, 
riparian vegetation (cover, diversity and presence of exotic species) and instream and bank 
habitat (cover and diversity) (Faulks, 2001). 

Forty-nine vegetation communities have been described in the catchment.  The most extensive 
vegetation in the bioregion is spinifex woodland.  More particularly, the Roper River supports 
dense stands Mataranka palm (Livistona rigida) along the upper reaches, as well as the extensive 
salt marsh, saline flats and coastal grasslands at the mouth.  Patches of monsoon rainforest and 
vine thicket are found along the rivers, around springs, and on stony slopes protected from fire 
(NLC, 2004).  Riparian vegetation is relatively intact throughout the catchment and is 
characterised by high levels of cover and structural diversity.  Emergent and submerged aquatic 
vegetation is widespread throughout the catchment, except in the lower tidal reaches (Faulks, 
2001). 

Little information on the aquatic fauna of the Roper River is available. Forty-nine species of fish 
have been recorded from 40 sites (NAFF, 2011). Anecdotal evidence suggests the presence of 
freshwater sawfish (Pristis microdon) and the dwarf sawfish (P. clavata), however neither was 
recorded in a recent survey (Dally and Larson, 2008).  Populations of the northern Australian 
snapping turtle (Elseya dentata) in the Roper River are suspected to be genetically separate from 
other Northern Australian populations (Georges and Adams, 1992).  

 

Social and cultural values 

The Roper River is sparsely populated with an estimated 3,500 people, of which 83% are 
Indigenous (Larson and Alexandridis, 2009).  Mataranka is the major regional centre and other 
small towns and communities include Barunga, Beswick, Bulman, Daly Waters, Larrimah, 
Hodgson Downs, Roper Bar, Djilkminggan and Ngukurr.  Sites of cultural significance occur 
throughout the Roper River catchment, particularly associated with waterways and wetlands 
(Faulks, 2001).  Traditional use of the wetlands associated with the Limmen Bight (Port Roper) 
tidal wetlands is still practised (Faulks, 2001). 

 



Chapter 2: Biophysical and hydrological features of the assets 
 

 
Page 35:  Tropical Rivers and Coastal Knowledge Report 

Development pressure, water resources use and other threatening processes 

The current level of water resource development in the catchment is considered low (0.1%: 526 
ML/yr) (AWR, 2005).  Although small volumes of surface and groundwater are extracted, flow 
regimes remain largely unmodified.  Surface water is extracted for stock and domestic, irrigation 
and mining demands.  Faulks (2001) identifies six water extraction licences (as at 2001) for 
domestic supply.  

The majority of the land adjacent to the stream network is freehold, leasehold or Aboriginal land, 
with the major landuse being grazing of unmodified environments (Faulks, 2001).  Other land 
uses include mining, tourism and recreational and commercial fishing. The major mining lease in 
the catchment is the Mataranka lime mine.  The tourism industry, while small, provides a 
significant economy to the region.  Major activities include camping, fishing and game hunting and 
access to the sea.  Commercial fishing, particularly prawning, barramundi and mud crabs, also 
provides substantial economy to the region. 

Ecological threats to this region include weeds, feral animals, wildfires and unregulated use. 
'Weeds of National Significance' include Mimosa (Mimosa pigra), Prickly acacia (Acacia nilotica) 
and Parkinsonia (Parkonsonia aculeate).  There are significant populations of feral donkeys, 
horses, buffalo and pigs that contribute to degradation of socio-cultural and ecological values of 
both land and water ecosystems (NLC, 2004).  Activities of highest impact on water quality are 
road building increasing silt loads, and trampling and wallowing by feral animals in billabongs and 
riparian margins of waterways.  The region is subject to very high commercial mud-crabbing 
pressure, although there is little information available about the local scale ecosystem impacts of 
this or its impact on Aboriginal customary harvest in the area (NLC, 2004). 

 

Summary 

The Roper River is considered an important representative of only a few perennially flowing 
systems in the Northern Territory.  Although it is sparsely populated and the water resources 
remain largely undeveloped, the catchment has significant potential for mining and irrigated 
agriculture.  This project seeks to provide a basis of understanding of the current and future 
development scenarios on water dependent ecosystems and the impact of climate related rises in 
sea level on the high value floodplain system. 

 

TOP END RIVERS: ADELAIDE RIVER, MARY RIVER, SOUTH ALLIGATOR, EAST 
ALLIGATOR AND ARAFURA SWAMP (GOYDER AND GULBUWANGAY RIVERS) 

Catchment description 

These and other low gradient lowland rivers in the Top End of the Northern Territory have 
extensive coastal floodplains of high ecological significance, and include Kakadu National Park, 
which is a World Heritage Site.  These wetlands are vulnerable to seawater inundation due sea 
level rise associated with climate change.  
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The Arafura Swamp is a large freshwater basin (~700 km²) located on the northern coast of 
Arnhem Land, about 460 km from Darwin.  It occupies the broad floodplain of the Goyder and 
Gulbuwangay Rivers and abuts the tidally influenced coastal plain of Castlereagh Bay in the north 
(Figure 12), and lack of a continuous river channel to the sea.  The permanent swamps support a 
diverse range of extensive, intact wetland habitats that are relatively rare elsewhere in the Top 
End.  Much of the swamp is covered by open paperbark forest and woodland, making it one of the 
largest wooded swamps in the Northern Territory. 

 

 
Figure 12.  Goyder River catchment. Inset shows geographical location within the 

Northern Territory. 

 

The floodplains of the Adelaide, Mary and Alligator Rivers (Figure 13 - Figure 16) form a vast, 
interconnected, continuous wetland system of outstanding cultural and ecological significance.  
Covering over 43,300ha and forming the southern coastline of the Van Diemen Gulf, the region 
includes Kakadu National Park, a UNESCO World Heritage Site, and a RAMSAR wetland 
(NRETAS, 2007a; DSEWPC, 2011).  These and other low gradient, lowland rivers in the Top End 
of the Northern Territory have extensive seasonally inundated, freshwater coastal floodplains 
forming a mosaic of diverse wetland habitats including tidal flats, swamps, billabongs and 
mangroves (NRETAS, 2007a).  These catchments are renowned for providing habitat for an 
exceptionally rich diversity of fauna and flora (Anon, 1998). 

 



Chapter 2: Biophysical and hydrological features of the assets 
 

 
Page 37:  Tropical Rivers and Coastal Knowledge Report 

 
Figure 13.  Adelaide River catchment. Inset shows geographical location within the 

Northern Territory. 

 

 
Figure 14.  East Alligator River catchment. Inset shows geographical location within the 

Northern Territory. 
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Figure 15.  South Alligator River catchment. Inset shows geographical location within the 

Northern Territory. 

 

 
Figure 16.  Mary River catchment. Inset shows geographical location within the Northern 

Territory. 
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The catchments of this region experience a typically wet-dry monsoonal climate, with almost the 
entire annual rainfall of around 1540 mm falling in the wet season from November to March 
(DSEWPC, 2011).  River and stream flow is therefore highly seasonal with outflow around 2000 
GL.yr-1 in the Adelaide River and up to 6900 GL.yr-1 in the East Alligator River (Table 2). 

The headwaters of these rivers and their major tributaries rise in the sandstone plateau region to 
the south and east, flowing through shallow valleys across the lowlands before discharging 
through extensive floodplains to the north (DSEWPC, 2011).  The flat-topped uplands of the 
Plateau are eroded from Proterozoic sandstones and form a series of sedimentary rock outcrops, 
cliffs and waterfalls as well as overhanging caverns that house significant Aboriginal rock art 
(Nott, 2003; DSEWPC, 2011).  The lowlands and floodplains of the Top End constitute the largest 
area of the region, and are geologically recent formations (developing to their current form less 
than 2000 years ago) underlain by Proterozoic metasediments and granites (Nott, 2003).  They 
are highly dynamic in nature; rivers and streams with sand beds of quartzose sediments form 
wide, meander belts, oxbow lakes, billabongs and natural levees (DSEWPC, 2011).  In the wet 
season, extensive flooding connects wetland systems and swamps, and these can remain 
flooded for three to nine months (DSEWPC, 2011).  During the dry season the rivers exist as a 
series of pools and billabongs, providing refuge to vast populations of waterbirds and shorebirds 
as well as reptiles, fish and a rich diversity of other unique and threatened flora and fauna (Anon, 
1998).  

Unlike the other two catchments, the Mary River lacks a major river channel to the sea.  It has a 
poorly drained floodplain causing inflow to diffuse into vast seasonal swamps before reaching the 
sea through a number of small tidal channels (NRETAS, 2007b).  Compared to adjacent 
catchments, this extremely complex and productive system floods over a much greater area for 
an extended time, with consequences for its flora and fauna (NRETAS, 2007b).  

The Alligator Rivers Region is predominantly Aboriginal freehold land in natural condition or under 
conservation (Table 2).  The Mary and Adelaide River however contain around 50% ʻland in 
natural conditionʼ with the remaining portion separated between pastoral leasehold land and 
smaller areas of tourism, recreation, horticulture, aquaculture and mining (Larson and 
Alexandridis, 2009; NRETAS, 2007b; NRETAS, 2007c).  All wetlands in the region are being 
affected by the spread of environmental weeds (including Mimosa pigra) and introduced pasture 
grasses, as well as feral animals and recreational activities.  Groundwater extraction is likely to be 
impacting on the conservation values of the Adelaide River, whilst seawater inundation and 
saltwater intrusion associated with climate change is impacting near-coastal wetlands across the 
region (NRETAS, 2007c). 
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Table 2.  The location, area, outflow, population estimate and land use of four major river 

catchments in the Top End (Larson and Alexandridis, 2009). 
Top End 
river 
system 

Location Area 
(km2) 

Annual 
outflo
w (GL) 

Estimated 
population 
number 

Dominant land use 

Mary River 90 km East 
of Darwin 

8074 2400 <500 50% natural condition 
(80% under 
conservation, 0% 
traditional Indigenous 
use) 
40% Production from 
unchanged land i.e. 
grazing 
10% Dryland 
agriculture 

Adelaide 
River 

50 km East 
of Darwin 

7462 2000 2000 50% natural condition 
(20% under 
conservation, 20% 
traditional Indigenous 
use) 
40% Production from 
unchanged land i.e. 
grazing 
10% Dryland 
agriculture 

East 
Alligator 

250 km 
East of 
Darwin 

15875 6900 2500 100% natural 
condition (30% under 
conservation, 70% 
traditional Indigenous 
use) 

South 
Alligator 

175 km 
East of 
Darwin 

11917 6600 200 100% natural 
condition       (90% 
under conservation, 
10% traditional 
Indigenous use) 

 

Ecological values 

The Alligator Rivers Region contains Kakadu National Park and has exceptional international 
significance.  It is protected as a UNESCO World Heritage are, recognised as a RAMSAR site, 
and has been identified as priority High Conservation Value Aquatic Ecosystems (NRETAS, 
2007a).  The Alligator, Mary and Adelaide Rivers are recognised as Wetlands of National 
Significance under the Directory of Important Wetlands in Australia, and also as Important Bird 
Areas (NRETAS, 2007a).  The Mary River meets two RAMSAR criteria, whilst Kakadu National 
Park and Lake Finniss, in the Adelaide River catchment, are identified as internationally important 
for migratory shorebirds (Bamford et al., 2008). 

The unusual morphology of the Mary River, including its lack of major river channel, contributes to 
the rapid annual inundation of huge seasonal wetlands, even in years with lower rainfall 
(NRETAS, 2007b).  The Mary Riverʼs floodplain is crucial to the survival of thousands of 
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waterbirds and fish and includes some of the largest areas of wooded swamp in the Northern 
Territory (NRETAS, 2007b).  The Melacca Swamp, adjacent to the Adelaide River, is a spring-fed, 
elevated freshwater wetland recognised as one of the most important areas for off-bank crocodile 
nesting in the Northern Territory (Harvey and Hill, 2003).  Eleven sites on the Adelaide and Mary 
River floodplains as well as numerous sites in the Alligator Rivers Region are included on the 
Register of the National Estate for their natural values. 

In total, the Adelaide, Mary and Alligator River catchments contain 11 threatened plants, and 27 
threatened vertebrate species, with the Alligator Rivers Region containing 32 threatened species 
alone (NRETAS, 2007a).  Of these, the Mary River floodplain encompasses much of the range 
and population of the Alligator River subspecies of the Yellow Chat, whilst seven of the eight 
known NT populations of the endangered palm Ptychosperma macarthurii occur in rainforest 
patches on the western margin of the Adelaide River floodplain (Armstrong et al., 2002; Liddle et 
al., 2006).  

The Top End floodplains are vital for supporting a vast number and diversity of bird species, with 
over one-third of the bird species in Australia sighted in the Alligator Rivers region alone 
(DSEWPC, 2011).  The Alligator Rivers region is an important dry season refuge for water birds 
because of the atypical persistence of freshwaters on floodplains such as the Magela and 
Nourlangie (Morton et al., 1990).  Surveys have shown that major floodplains in this site support 
over 2.5 million individual water birds, dominated by Magpie Geese (for which the floodplains are 
the major dry season refuge in the NT) and Wandering Whistling-ducks (Morton et al., 1989; 
Bayliss and Yeomans, 1990).  It is estimated that maximum numbers may reach up to five million 
across the Alligator region in the dry season (NRETAS, 2007a).  Of these populations, maximum 
counts of at least 20 water birds and five shorebird species are internationally significant 
(NRETAS, 2007a).  The diverse and patchy nature of vegetation on the Mary River floodplain 
underpins the vast numbers of water birds found in this system; including internationally 
significant counts of Magpie Geese and Wandering Whistling-duck, in addition to 55 other 
important water bird records (Armstrong et al., 2002; NRETAS, 2007b).  The Adelaide floodplain 
supports internationally significant counts of Magpie Geese, Wandering Whistling-duck and Pied 
Heron, in addition to four nationally significant counts of water bird (NRETAS, 2007c).  
Internationally significant numbers of shorebirds also aggregate on the tidal flats of Chambers 
Bay to the north of Adelaide and Mary rivers (Bamford et al., 2008).  In total 42, 53 and 59 
species recorded from the Mary, Adelaide and Alligator region respectively are listed under 
international conventions or bilateral agreements protecting migratory species such as shorebirds 
(NRETAS, 2007a; NRETAS, 2007c; NRETAS, 2007b). 

The floodplains of the Mary and Adelaide rivers encompass the most important nesting habitat in 
the NT for Magpie Geese (Bayliss and Yeomans, 1990).  Large water bird breeding colonies exist 
on the floodplains of the Mary River, with wetlands providing important feeding areas for birds in 
these colonies during non-breeding times (Chatto, 2000).  Three water bird breeding colonies are 
present in the Adelaide area, including two in mangroves in the lower reaches of the river 
(NRETAS, 2007c).  One colony supported around 30 000 birds (mostly egrets) in 1994, and is 
believed to be the largest water bird colony in the Top End, and possibly the largest regularly 
used egret colony in Australia (NRETAS, 2007c).  Nine breeding colonies are located in the 
Alligator Rivers region, with the majority in mangroves fringing major rivers (NRETAS, 2007a).  
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One seabird species (Whiskered Tern) also breeds at this site in internationally significant 
numbers (NRETAS, 2007a).  

High densities of saltwater and freshwater crocodiles are found in the Mary and Alligator rivers, 
whilst the Adelaide River supports an abundant population of saltwater crocodiles (Fukuda et al., 
2007; Finlayson et al., 2006; Armstrong et al., 2002).  The reptile fauna of the Kakadu region is 
one of the most diverse in Australia, supporting 127 species in total (Finlayson et al., 2006).  The 
South Alligator River is a significant refuge for the Pig-nosed Turtle, and one of few places in the 
NT not harvested for crocodile eggs (NRETAS, 2007a).  Additionally, small numbers of flatback 
turtles regularly nest on Field Island beach, at the mouth of the South Alligator River (Chatto and 
Baker, 2008).  The Adelaide River floodplain also supports very high densities of the Water 
Python Liaisis mackloti and its prey the Dusky Rat Rattus colletti (Madsen and Shine, 1996). 

Almost 1500 plant species have been recorded in the Alligator Rivers region alone, occurring in a 
wide range of vegetation types (DSEWPC, 2011).  In the Mary and Adelaide River catchments, 
vegetation is dominated by sedge and grassland communities, while the Mary floodplain also 
contains large paperbark forests, and the most extensive representation of grasslands dominated 
by Hymenachne acutigluma and Psendoraphis spinescens in the Top End (NRETAS, 2007b).  A 
total of around 18,970 ha of monsoon rainforest (~ 7% of the NT rainforest estate) occurs as 
scattered patches around the margins of the Adelaide, Mary and Alligator floodplains, with 34 
patches > 100 ha (Russell-Smith, 1991).  The Mount Bundey hills and Mount Goyder in the 
southern part of the Mary River catchment support a distinctive rainforest community containing a 
number of plant species with restricted distributions in the NT (Armstrong et al. 2002).  The 
Adelaide River catchment supports a number of species limited in their distribution, including the 
palm Ptychosperma macarthurii, of which the majority of all known NT populations occur in 
rainforest patches to the west of the site (Liddle et al., 2006).  The only mainland records of the 
rainforest tree Xylopia monosperma and the arboreal orchid Luisia teretifolia in the NT are from 
spring-fed rainforests on the margin of the Adelaide floodplain (NRETAS, 2007c).  A study by 
Price et al. (1998), identified rainforests in proximity to the Adelaide River floodplain as one of six 
clusters required to capture NT rare endemic rainforest plant species. 

 

Social and cultural values  

Of the estimated 50% of ʻland in natural conditionʼ in the Mary and Adelaide river catchments, 
only a small portion remains under traditional Indigenous use (between 0 and 20%).  A number of 
registered Aboriginal sites do, however, exist in both regions (Larson and Alexandridis, 2009).  Of 
the remaining land, 25-30% is protected under conservation reserves and the rest is used for 
recreation, tourism, horticulture and aquaculture (NRETAS, 2007b; NRETAS, 2007a). 

The Alligator Rivers region is predominantly Aboriginal freehold land held by a number of 
Aboriginal land trusts (NRETAS, 2007a).  Kakadu National Park and the Alligator region are highly 
significant both culturally and socially to local Aboriginal People (Bellio et al., 2004).  The Park 
alone contains one of the greatest concentrations of rock art in the world with around 5000 rock 
art sites recorded (although up to 10,000 are thought to exist) (Bellio et al., 2004).  Paintings are a 
repository of Traditional ecological knowledge and reflect the history of Aboriginal occupation of 
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the landscape.  Rock art in Kakadu depicts religious beliefs, animals and plants, dreamtime 
beings and ceremonial life as well as changes in the landscape as sea levels rose (approximately 
8000 years ago) and the modified availability of natural resources (Bellio et al., 2004).  

Several groups of people live in the Alligator Rivers region and continue to use natural resources 
in a traditional manner (Bellio et al., 2004).  Aboriginal people continue to manage the land using 
traditional practices linked where appropriate with contemporary practices (Bellio et al., 2004). 

Other uses within the Alligator Rivers region include small pastoral operations, tourism and 
recreation, and uranium mining in the Magela Creek area (NRETAS, 2007a).  

 

Development pressure, water resources use and other threatening processes 

The condition of the river systems in the Top End varies from areas that are heavily impacted and 
suffering substantial degradation, to areas that remain in a more natural state.  The Adelaide, 
Mary and Alligator River catchments are affected by the spread of numerous environmental 
weeds including as Weeds of National Significance Mimosa pigra, Parkinsonia aculeata, Salvinia 
molesta and Hymenachne amplexicaulis as well as a number of Category A and B and 
undeclared weeds.  Extensive infestations of Salvinia molesta and Mimosa pigra on the Alligator 
River floodplains have been reduced but still persist, while large areas of the Adelaide floodplain 
have been transformed by Mimosa pigra and other exotic pasture grasses (NRETAS, 2007a; 
NRETAS, 2007c).  

Introduced animals are affecting the values of all floodplains in the region, with feral pigs, buffalo 
and horses damaging wetland and rainforest habitat, while Water Buffalo in particular have been 
implicated in the increasing problem of saltwater intrusion (NRETAS, 2007b).  Cane toads are 
also widespread throughout all catchments. 

Saltwater intrusion is having significant effects on the Adelaide and Mary river floodplains and 
habitats with 240 km2 of the lower Mary coastal floodplain, and substantial areas of Adelaide 
coastal floodplain modified and degraded (NRETAS, 2007b; NRETAS, 2007c).  Given the low 
relief of these plains, further rises in sea level associated with climate change are likely to have 
significant impacts on all floodplains in the Top End.  

Fire is having an impact on the diversity of plant life in the Mary River catchment after 72% of the 
site was burnt in fewer than three years, and 4% burnt in more than six years (NRETAS, 2007b). 
A similar problem is occurring in other Top End systems whereby reduced frequency of fine-scale 
fire may be causing floristic change (Woinarski, 2002).  

The extraction of groundwater in horticultural areas on the margin of the Adelaide floodplain is 
impacting on freshwater springs and rainforest patches including Black Jungle Swamp (Liddle et 
al., 2006).  

Other activities impacting upon natural environments in the region include mining (exploration and 
uranium mining in the Alligator River region is having localised effects) and recreational activities 
associated with tourism (NRETAS, 2007a). 
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Summary 

The Adelaide, Mary and Alligator River catchments of the Top End hold outstanding and unique 
ecological and cultural significance.  This vast, interconnected wetland system experiences 
seasonal inundation that in turn supports an abundant mosaic of habitats allowing the existence 
of an exceptionally rich diversity of fauna and flora.  Lowlands and floodplains provide a refuge to 
internationally significant numbers of water birds in the dry season whilst providing vital habitat for 
numerous threatened and endemic species including the Pig-nosed Turtle.  

Ecological condition of this region is significantly threatened by introduced weeds, feral animals 
and frequent fire regimes.  Saltwater intrusion has already substantially affected near-coastal 
regions of the Adelaide and Mary river catchments, and has the potential to cause detrimental 
effects to habitat and species assemblage in all catchments as a result of climate change and 
subsequent sea level rise.  Groundwater extraction, mining and tourism are currently having a 
localised impact on the environment.  

 

2.3.3 QUEENSLAND ASSETS 
The Queensland rivers of interest to this project lie within the Southern Gulf (Leichardt and 
Flinders Rivers) and the Northern Gulf (Norman, Gilbert and Mitchell Rivers) Catchments NRM 
Regions.  The region is sparsely populated with only 30,700 people (0.1 people/km2).  The main 
population centres are Mt Isa, Cloncurry, Gunpowder (Leichardt region) Hugendon, Richmond, 
(Flinders region), Karumba, Normanton, Croyden (Norman region) Georgetown, Forsayth (Gilbert 
region), Chilligo and Kowanyama (Mitchell region). 

The climate of the Gulf catchments is typically monsoonal, driven by summer cyclonic activity 
(Smith et al., 2005). The region comprises several bio-regions based on vegetation and geology.  
All five river catchments are connected by the Gulf Plains, which spans the entire coastal region 
of the Gulf of Carpentaria.  In times of high rainfall, there is overflow between catchments 
although for most of the year the catchments are hydrologically separate (Smith et al., 2005).  The 
Leichardt River catchment has headwaters beginning in the North-West Highlands that feed into 
Gulf Plains.  The Flinders River catchment drains through the Mitchell Grass Downs to the Gulf 
Plains.  The Norman, Gilbert and Mitchell river catchments all have headwaters in the Einasleigh 
Uplands and flow to the Gulf Plains. 

Aquatic ecosystems in each of the catchments are predominantly intermittent and include, 
intermittent/ephemeral rivers and streams and temporary wetlands.  Ground water influence is 
significant from fractured aquifers, strata-bound aquifers, river alluvium aquifers, and isolated 
solution hollows (Smith et al., 2005). 

Smith et al. (2005) identified five broad flow dependent ecosystems as:  

 

• instream and fringing ecosystems including seasonal and permanent pools and riparian 
woodlands/forests; 

• frontage woodlands on alluvial levees, terraces and floodplains; 
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• frontage woodlands incorporating seasonal and permanent wetland features, and; 

• coastal ecosystems including seasonally inundated grassy plains, estuaries, and inter-
tidal flats. 

 

The dominant land uses are cattle grazing and mining while tourism is becoming increasingly 
important, due largely to the regionʼs natural values.  The most extensive areas of intensive 
agriculture occur in the Flinders and Gilbert River basins with areas of more limited extent also 
occurring within the Leichhardt and Nicholson basins (Smith et al., 2005).  The most significant 
areas of irrigated agriculture occur in the upper Mitchell River basin (i.e. Mareeba-Dimbulah 
Irrigated Agriculture, MDIA).  Currently, less than 1% of mean annual flow is allocated these land 
uses.  There are a number of aquifers being used for domestic and agricultural industry, 
particularly in the Gilbert River mid-reaches.  Development options for future instream 
impoundments have focused on the Gilbert, and for off-stream storage on the Flinders River (Gulf 
and Mitchell Land and Water Resource Assessment Report).  The Environmental Flow 
Assessment Program (EFAP) for the Gulf is likely to prioritise the Leichardt and Gilbert rivers for 
quantitative monitoring of flow requirements of ecological assets (species, places, and 
processes), due to current and/or potential water resource development.  Commercial and 
recreational fishing is also important in most of the catchments (SKM, 2009).  

Threats to aquatic ecosystems across the region include: 

 

• grazing pressure and pastoral development; 

• invasive species (weeds and feral animals); 

• interbasin transfer (Barron to Mitchell Catchments); 

• fish stocking and translocation; 

• fire regime change, and; 

• water resource use and infrastructure. 

 

Indigenous and non-Indigenous values associated with water along the Mitchell River have been 
recorded by Strang (2005).  Henry and Lyle (2003) document the catch and effort of recreational 
and indigenous fishing, the expenditure of recreational fishers, and the social value of indigenous 
fishing.  Greiner et al. (2004b) highlights that most visitors are attracted to the South-West Gulf 
region for the purpose of fishing, and that those visitors inject an estimated $14 million per annum 
into the local economy.  Cape York Peninsula has been a site of complex tensions between 
development, ʻwildernessʼ, and Indigenous values that has been a critical dynamic to 
environmental policy in the area (Lane and Chase 1996, Pickerill, 2009).  Fishing is highly valued 
for Indigenous, recreation and other non-market economies for all residents of Cape York 
(CYMAG 2007), while mining, commercial fishing, tourism and cattle grazing form the main 
market-based economies.  There has been some regional NRM and conservation NGO activities 
to protect multiple values in significant wetlands. 
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MITCHELL RIVER 

Catchment description 

The Mitchell River catchment occupies an area of 73,230 km2, extending through the southern 
region of Cape York Peninsula (Figure 17) (ANRA, 2002).  The catchment flows north west across 
almost the entire width of Cape York Peninsula.  There are five major subcatchments including, 
the Walsh, Tate, Lynd, Palmer and Alice rivers.  The Walsh, Tate, Lynd and their tributaries drain 
the subcatchments south of the Mitchell River while the Palmer River and associated tributaries 
drain the north east (NAFF, 2008).  As these rivers converge through the central reaches, the 
Alice River and another group of branching creeks drain the northern boundary of the Mitchell 
River catchment.  As the rivers reach the coast, they branch out to form the Nationally recognised 
South East Karumba Plain Aggregation and the Mitchell River Fan Aggregation.  The Mitchell 
River is one of few that have a semi-permanent flows in parts of the upper reaches (Smith et al., 
2005).  

Mean annual rainfall varies across the catchment.  Mean annual rainfall in the headwaters of the 
Lynd and Tate rivers is 800 mm while the headwaters of the Walsh, Mitchell and Palmer Rivers 
receive between 1000-1200 mm.  The headwaters of the Alice River receive approximately 800-
900 mm.yr-1.  Mean annual rainfall in the mid-reaches of the catchment is between 800 and 900 
mm increasing to 1200 mm near the coast (Smith et al., 2005). High humidity (average 70%) and 
high evapotranspiration rates (approx. 2225 mm.yr-1) influence surface flows and groundwater 
recharge rates, often translating to a recharge deficit in most years (Smith et al., 2005; NALWSR, 
2009; BOM, 2011).  Stream flows are generally intermittent (although cease-to-flow events are 
rare) and strongly seasonal over much of the catchment.  Mean annual outflow is 22,951 GL.  
Very little information is available on groundwater processes in this catchment. 

The geology and geomorphology of the Mitchell River catchment is variable, particularly in the 
south eastern headwaters.  The Lynd, Tate and Walsh Rivers arise from the Einsleigh Uplands 
within the Great Dividing Ranges.  Here, there are deposits of basalts, metamorphic and igneous 
intrusive base-rock with some localised depositional sands silts and muds (Smith et al., 2005).  
These rivers all have generally meandering channels with sand and gravel river beds featuring 
vegetated bars and instream islands with some areas of exposed bedrock (Smith et al., 2005). 
There are also areas of wetlands and billabongs in downstream reaches. 

Downstream of the Tate and Lynd River confluence, the parent material is sand-mud 
conglomerate with areas of sand-soil gravels.  The Mitchell River headwaters rise in tropical 
coastal sedimentary base-rock with localised basalt intrusions before flowing through 
predominantly sedimentary base-rock and joining with the Walsh River where the bedrock 
becomes more calcareous as it converges with the Lynd/Tate River.  Through the mid-reaches of 
the Mitchell River the channel becomes a more open, actively sandy-gravely floodplain with 
extensive gravel-bars, islands and occasional bedrock outcrops (Smith et al., 2005).  Between the 
Walsh River and Palmer River confluences, the channel becomes a meandering sand-bed 
channel.  The Palmer River headwaters arise from the same bedrock as the Mitchell River, then 
flowing through metamorphic and igneous intrusive deposits in the mid-reaches before entering 
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calcareous and channel deposits of sand-silt-mud above itʼs confluence with the Mitchell River 
(now a union of the Lynd, Tate, Walsh and Mitchell Rivers).  Where the Mitchell joins the Palmer, 
the area downstream is dominated by extensive sand-mud conglomerates and further 
downstream, sand, silt and mud that make up the Mitchell River delta.  The lower reaches of the 
Mitchell River flow through a wide alluvial plain with many bars and islands.  As the river reaches 
the coast, the main channel becomes wide and meandering with oxbow lakes, wetlands and 
back-swamps.  There are also many anastomosing and distributary channels interconnecting the 
floodplain (Smith et al., 2005).  The Alice River and associated tributaries drain the northern 
border of the catchment.  The headwaters rise in the Curlew Ranges, a combination of 
sedimentary deposits with basalt and igneous intrusions, before flowing to large expanses of 
calcareous deposits and entering the Gulf Plains of sand-mud conglomerates and sand silt muds.  
The Alice joins the Mitchell River roughly 50 km inland of the coast, within the Mitchell River delta.  

 

 
Figure 17.  Mitchell River catchment. Inset shows geographical location within 

Queensland. 

 

Ecological values 

According to the Australian Natural Resources Atlas, the Mitchell River catchment is largely 
unmodified based on the hydrological disturbance index, moderately modified based on the 
catchment disturbance index, largely unmodified based on the habitat index and non-assessed by 
the nutrient and suspended load index (Norris et al., 2001). 

Three Wetlands of National Significance have ben identified in the region; the Mitchell River Fan 
Aggregation (lacustrine, palustrine and riverine), the Southeast Karumba Plain Aggregation 
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(estuarine, lacustrine, palustrine and riverine) and the Spring Tower Complex (subterranean).  
The Mitchell/Staaten Rivers Springs Supergroup (community of native plant species dependent 
on natural discharge from the Great Artesian Basin) is also listed under the EPBC Act 1999, as a 
Threatened Ecological Community.  Two species of vulnerable flora, seven species of rare plants, 
and six species of threatened flora were also identified (SKM, 2009).   

The vegetation in the Mitchell River catchment ranges from the World Heritage Wet Tropic 
rainforest on the eastern highlands to the open savannah on the western and lower Mitchell plains.  
The extensive mangroves and lagoon systems at the delta of the Mitchell River are recognised 
worldwide.   The permanent waters in the upper catchment support important vegetation 
communities associated with springs and water holes and much of the catchment overlays the 
Great Artesian Groundwater Province. 

Few comprehensive biological and ecological studies have been undertaken in the catchment 
area to date.  However, eighteen species of animal classified as rare, vulnerable, or endangered 
are known to occur.  The Mitchell River, though poorly studied, may possibly contain the most 
ecologically diverse aquatic system in the country, reflecting the rich variety of habitats in a large 
river system with wet tropics, dry tropics and monsoonal influences. 

A number of surveys (Herbert et al., 1995; Hogan and Vallance, 2001; 2002; 2003; Jebreen et al., 
2002 and Ryan et al., 2002) have identified a total of 55 species of fish from 54 sites in the 
catchment.  Relatively high species diversity in the upper reaches of the Mitchell River is 
presumed to be maintained by artificially elevated flows (Russell et al., 2003).  Under natural 
conditions, these upper tributaries were, most likely, intermittent or ephemeral.  Increased flows 
due to operation of the MDIA have probably allowed for unnaturally high species diversity to be 
supported (Russell et al., 2003).  

Impacts of climate change, particularly on fish, are expected to be significant within the catchment.  
Climate related reductions in longitudinal connectivity will restrict the movement of aquatic biota, 
which will become isolated in refugial waterholes for longer than previously.  Consequent 
reductions in water quality and habitat availability, coupled with increased predation and 
competition for limited resources, are likely to result in a reduction in fish abundance and diversity.  
Coupled with a reduction in the production expected to occur on the floodplain as a result of 
decreased connectivity and extent of flooding, overall reduction in production of freshwater biota 
is expected to occur (Pusey and Kennard, 2009). 

The most comprehensive review of ecological assets is from Smith et al. (2005).  Key flow 
dependent values include: 

 

• large semi-perennial river spanning the width of Cape York; 

• perennial spring-fed refugia (upper catchment); 

• rivers with high scenic value (upper catchment); 

• rainforest streams unique within the Gulf drainages (upper catchment); 

• remote, high integrity rangeland with low grazing pressure and high conservation values 
(upper Lynd); 
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• Nationally Important Wetlands (South East Karumba Plain Aggregation); 

• Mitchell River Fan Aggregation; 

• approximately 39 flow-dependent Regional Ecosystems including 9 listed as ʻof concernʼ; 

• Nationally significant coastal and sub-coastal habitats for waterbirds and the Dugong and 
bioregionally significant waterbird habitats in lower reaches; 

• Likely to support tare or threatened biota including at least 3 flora, flora, 25 fauna, and 42 
migratory and other species listed under the Environmental Protection and Biodiversity 
Conservation Act 1999; 

• provincial or bioregional refugia for native fringing and frontage woodlands; 

• diverse freshwater fish community incudes endemic and vulnerable species; 

• Mitchell-Alice River and Boolaringa National Parks, National Estate and World Heritage 
Sites (Wet Tropics); 

• important groundwater resources and recharge areas. 

 

Social and cultural values 

There are seven Indigenous language groups that exist in the Northern Gulf region (Connor et al., 
2009).  Results of the 2006 census indicate that at least 25% of the population are of Aboriginal or 
Torres Strait Islander descent with over 70% of the population within Kowanyama Aboriginal 
community being of Aboriginal heritage (Connor et al., 2009).  Places of indigenous significance 
are generally poorly documented, although many are known to exist along watercourses, 
wetlands and waterholes.  Most of the formally recorded Aboriginal sites include shelters, rock art 
and utilitarian evidence of indigenous habitation.  There are many documented heritage sites 
within the catchment and the non-indigenous sites are mostly found within and around old mining 
centres, such as Chillagoe, Irvinebank, Mt Carbine and Maytown. 

Many areas of the catchment are used for tourism and recreation on land that is not designated or 
such use.  The Mitchell River is a rich fisheries resource and valued species for commercial and 
recreational fishing include, barramundi, salmon, grunter and crab.  The Coleman and North 
Mitchell rivers are also nursery grounds for commercially fished prawn species, particularly the 
banana prawn.  The Mitchell River provides an important and varied food resource for indigenous 
people as well as making a significant contribution to the development of the commercial fishing 
industry in Karumba.  A growing number of recreational fishermen are also now sharing in the 
fishery resources of the Mitchell River catchment area. 

 

Development pressure, water resources use and other threatening processes 

Consumptive water use supports a comparatively small‐scale irrigation industry and small mines 
that vary in number from year to year (Connor et al., 2009).  Communities, including Chillagoe 
and Mount Molloy, also contribute to the overall consumption of water in area, while the town 
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water supply for Kowanyama is sourced from groundwater.  Water extraction/availability has also 
been important in supporting the grazing industry (Connor et al., 2009).  

Estimated annual diversion from the Mitchel River is 9,029 ML (Connor et al., 2009).  There are 
two privately owned dams; Southern Dam (Quaidʼs Dam, 129,000 ML) and Northern Dam 
(275,609 ML capacity, ANRA, 2002). Southern Dam was constructed in 1986/87 to create Lake 
Mitchell, which covers 3,290 ha at full capacity.  Approximately 46,200 ML of water is transferred 
from the adjoining Barron Basin to service the Mareeba-Dimbulah Irrigation Area, which drains 
into the upper reaches of the Walsh River (ANRA, 2002). 

Pastoral production from native pastures is the most extensive land use within the region.  Much 
of the grazing lands in the catchment are nutrient poor and soil fertility is greatest on river 
frontages and floodplains, making these areas of high value, both to graziers and for their 
biodiversity and ecosystem services.  Although intensive agriculture is a commercially significant 
land use in the catchment, it represents less than 2% of the total catchment area.  Most cropping 
and horticultural activity occurs in the headwaters of the Mitchell River in the Mareeba and 
Dimbulah areas.  Approximately two‐thirds of the Mareeba Dimbulah Water Supply Scheme 
(MDWSS) is in the Mitchell River catchment, but it is not clear what proportion of the Mitchellʼs 
flow is generated from this source (Connor et al., 2009).  The Mareeba Dimbulah Irrigation Area at 
the top of the Mitchell catchment produces sugar cane, coffee, stone fruit and a variety of tropical 
fruits (NALWSR, 2009).  

In the upper reaches of the catchment, effluent discharge from the Mareeba Sewage Treatment 
Plant has been implicated in elevated nutrient levels (Ryan et al., 2002).  The proposal to locate a 
major population settlement adjacent the Northedge Lake development in the upper catchment 
could pose a similar suit of threats to the adjacent freshwater ecosystems, which in the case of a 
large shallow impoundment has a range of vulnerabilities to water quality impacts particularly 
diffuse source nutrient loading.  Run off and tailwater discharges from the MDIA in the upper 
catchment is also recognised as be generating localised water quality impacts (Ryan et al., 2002) 
including elevated sediment, nutrient and salinity levels. 

Historically, there have been scattered, relatively small‐scale mining activities.  Several tributary 
steams have been found to have significant water quality impacts associated with past mining 
operations including, cadmium levels of concern to biota, stock and human health, though 
generally the extent of impact was restricted to the immediate vicinity of the past mine site (Barray 
and Biddle, 1998).  The fate of contaminated water within tailings dams also presents threats to 
aquatic ecosystems through the potential for percolation to groundwater and discharge to surface 
water systems. 

There is thought to be an area of recharge into the small artesian basin through the sedimentary 
deposits upstream of the Walsh River confluence (Smith et al., 2005).  Bores of the Wyaaba Beds 
and the Bulimba formation may be suitable for stock watering and domestic use but there is 
evidence of saltwater intrusion towards the coast (Smith et al., 2005).  The Bulimba formation is 
artesian, old and of reasonable quality but due to itʼs limited area, low recharge rate and possible 
connection to marine ecosystems within the Gulf of Carpentaria, it is not considered a viable long-
term water source until further studies are conducted (Smith et al., 2005). 



Chapter 2: Biophysical and hydrological features of the assets 
 

 
Page 51:  Tropical Rivers and Coastal Knowledge Report 

Connor et al. (2009) provide the most thorough list of current and future threats to water 
resources. These include: 

 

• weeds and pest animals (e.g. pigs, brumbies); 

• poor burning regimes; 

• unregulated tourism; 

• poorly managed alluvial mining; 

• aquaculture discharges in upper catchment; 

• grazing pressure on riparian zones; 

• future major threats to water resources include: Tilapia and other invasive fish; 

• water weeds and ponded pasture species (e.g. Hymenachne); 

• over allocation and insufficient enforcement of water resources, including boreholes; 

• re‐directing catchment water for urban use; 

• impoundments blocking fish passage and modifying flows, threatening fisheries; 

• climate change impacts, and; 

• future increased effluent discharge from agriculture and aquaculture.  

 

Summary 

The Mitchell River remains largely unmodified.  Although limited data exists, it supports an 
ecologically diverse aquatic system reflecting the rich variety of habitats in a large river system 
with wet tropics, dry tropics and monsoonal influences.  Both groundwater and surface water 
support significant ecological social and cultural values associated with waterways in the region.  
The extent of future development of water resources in the catchment is unclear, however would 
likely include extraction of both surface water and ground water that may impact on ecologically 
important components of the river hydrology, including perennially flow in some tributaries and the 
permanence and connectivity of dry season pools in the main channel.  Climate related changes 
in sea level rise represent a significant threat to high conservation assets associated with the 
Mitchell River floodplain and delta. 

 

GILBERT RIVER 

Catchment description 

The Gilbert Catchment is approximately 46,500 km2 and is situated at the western base of Cape 
York Peninsula (Figure 18).  Major tributaries include the Einasleigh and Etheridge rivers that 
drain the northern and eastern catchment.  The southern catchment is drained by the Richardson 
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and Gilbert rivers that flow from the Gregory Ranges.  All tributaries drain to the north into the 
Smithburne-Gilbert Fan Aggregation (SKM, 2009), one of the best-developed distributary alluvial 
fans in Australia (Smith et al., 2005).  

 

 
Figure 18.  Gilbert River catchment. Inset shows geographical location within Queensland. 

 

The upper reaches of the catchment comprise a combination of basalt, metamorphic and igneous 
intrusive base-rock.  The mid and lower reaches are dominated by sedimentary, sand-silt-mud 
and sand-soil-gravel deposits.  River channels in this reach are meandering and braided.  As the 
tributaries converge and approach the coast, sand-silt-mud riverbeds form an extensive alluvial 
delta (Smith et al., 2005). 

Mean annual rainfall varies spatially, ranging from 800 mm in the south eastern ranges to 1000 
mm at the coast.  Only limited data is available on streamflow. The Gilbert River is ephemeral with 
cease-to-flow conditions lasting for up to 400 days.  The mean annual discharge is 4.3 GL 
(ANRA, 2002).  Pulsed flood events, similar to the Flinders River, are thought to drive the system 
i.e. a number of high intensity flood pulses over the wet season, rapidly decreasing to subsurface 
hyporheic flows leading up to and through the dry season.  Groundwater discharge from deep 
sand-beds in the mid and lower reaches of the catchment contributes hyporheic flows during the 
dry season. 
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Ecological values 

The catchment includes two wetlands of National Significance; the Smithburne-Glibert Fan 
Aggregation (lacustrine and palustrine) and the Undura Lava Tubes (subterranean).  Within the 
Gilbert-Norman-Staaten River region two species of vulnerable flora, seven species of rare plants 
and six species of threatened flora have been recorded.  The Gilbert River is described as being 
in ʻexcellentʼ ecological condition and is an integral part of the Gulf River systems (QLD 
Environmental Groups, 2006).  Groundwater discharge plays an important role in maintaining 
vegetation, which in turn supports a wide range of fauna and aquatic animals during the dry 
season. 

Fish and invertebrate communities, water quality and aquatic habitat are considered ʻvery healthyʼ 
(NGRMG, 2007).  Vallance et al. (2000) identified 21 species of fish from 3 sites within the 
catchment, although Greiner et al. (date unknown) identified up to 38 species, including both 
freshwater and estuarine species.  Only two fish species were found at all sample sites: spangled 
perch and rainbow-fish.  The most widespread and common species of interest to anglers include 
sleepy cod, archerfish, sooty grunter, gulf grunter and barramundi.  There were also eight different 
species of catfish (Greiner et al., date unknown; NAFF, 2011).  Seventy-five families of aquatic 
macroinvertebrates have also been recorded from the catchment and, based on AUSRiVAS 
assessment, indicated the river was in ʻgoodʼ to ʻexcellentʼ health (NGRMG, 2007). 

The condition of riparian vegetation varies throughout the catchment (Dowe, 2004).  Although 
areas of intact riparian vegetation remain, other sites exhibited low levels of regeneration of native 
species, high levels of weed infestations, high levels of bank erosion and high levels of stock 
activity (Dowe, 2003).  Three environmental weed species were recorded: Cryptostegia 
grandiflora (rubbervine); Calotropis procera (calotrope), and; Argemone ochroleuca (Mexican 
poppy).  Of these, rubbervine is a declared noxious weed that has considerable deleterious 
ecological impact; Calotrope is an environmental weed with potential deleterious impact in areas 
where grasses have only slight cover, and; Mexican poppy is an environmental weed of disturbed 
areas and is of relatively minor detrimental impact (Dowe, 2004). 

The most comprehensive review of ecological assets is from Smith et al. (2005).  Key flow 
dependent values include: 

 

• aquatic ecosystem integrity, low levels of grazing pressure and other threats; 

• spring discharges and associated wetlands and permanent waterholes including gorges 
in the upper catchments of all basins. Perennial streams also occur in the upper Gilbert 
(Einasleigh River); 

• Nationally significant wetlands (Undara Lava Tubes, Macaroni Swamp and Smithburne-
Gilbert Fan Aggregation); 

• Natural Heritage Sites (Undara Larva System, Cobbold Ck Gorge / Forsayth and Fish 
Hole); 

• threatened flow dependent Regional Ecosystems (Vegetation Management Act 1999); 

• special ecological values associated with some of the regional ecosystems; 
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• rare and threatened flora and fauna, and;  

• Migratory and other fauna listed under the EPBC Act.  

 

Development pressure, water resources use and other threatening processes 

The Gilbert River catchment is sparsely populated; approximately 1,224 people inhabit and area 
of 46,400 km2 (Greiner et al., date unknown; Larson and Alexandridis, 2009).  The main activities 
are grazing and some localised irrigated cropping (ANRA, 2002).  The area around Georgetown 
also has deposits of uranium, copper, gold, tin, zinc, lead, tantalite and silica and has the potential 
for future geothermal opportunities (Cummings, 2010).  

Water resource development is currently low; 6414 ML.yr-1 (ANRA, 2002).  The majority of 
irrigated agriculture is located in an area approximately 25 km west of Georgetown (Greiner et al., 
date unknown).  Crops grown within the catchment include mango, cucurbit and some fodder 
production for (supplementary) cattle feed. 

Most of the water demand of current agricultural activities is sourced from the near-perennial 
hyporheic flows in bed-sand aquifers.  These reserves have facilitated the development of 
permanent crops such as mango and cucurbit; however there is some concern that water 
allocations from this resource are approaching their upper limit (Greiner et al., date unknown).  
While this may currently have an impact on the persistence and duration of surface pool refugia 
and direct impacts to hyporheic fauna, the impacts are not well known or documented.  
Nonetheless, the ecological and geomorphological assessment for the Gulf and Mitchell draft 
water resource plans cautions further extraction of water from the Gilbert River, on the basis that 
in the absence of adequate recharge, salinity risks will increase, as will impacts on downstream 
ecosystems (QLD Environmental Groups, 2006). 

The Gilbert has been targeted for expansion in irrigated agriculture, with an increase of 20,000 ML 
in water reserves (QLD Environmental Groups, 2006).  Existing water entitlements, however, are 
heavily under-utilised.  Currently 19,835 ML of water is allocated to water users with current 
licence usage at just 35%, including 5300 ML as unused licences (QLD Environmental Groups, 
2006). 

The feasibility of additional irrigation development in the catchment is being investigated.  Two 
options identified are the damming of the Gilbert River at the northern boundary of the Green Hills 
station, and another is the construction of an in-stream regulating weir (Greiner et al., date 
unknown).  A proposed irrigation area associated with the potential development of an irrigation 
scheme in the Gilbert River catchment would be located along the banks of the Gilbert River 
between the Prestwood and Chadshunt stations. 

 

Summary 

The Gilbert River catchment is sparsely populated, in good ecological health and current levels of 
water resource use are low.  The most significant future threat to the catchment is from expansion 
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of irrigated agriculture and the impact of climate related sea level rise on the important delta and 
flood plain habitats in the lower reaches.  Groundwater discharge and hyporheic flows are 
ecological important components of the catchments hydrology that may be impacted by the 
further development of both groundwater and surface water reserves.  Climate related rises in sea 
levels is likely to represent a significant threat to the lower reaches, particular that part of the 
Southern Gulf Aggregation that occurs in the catchment. 

 

NORMAN RIVER 

Catchment description 

The Norman River drains a catchment area of 50,400 km2 (Figure 19).  The Carron, Clara and 
Yappar rivers drain the north western catchment while the south eastern catchment is drained by 
a number of creek lines that converge to become Mundjuro Creek, and join the middle reaches of 
the Norman River (Smith et al., 2005).  The headwaters of the eastern tributaries (Carron and 
Yappar rivers) flow through basalt, and in their lower reaches, through sand, silt, mud, before 
meeting the sand-mud conglomerate of the Norman River.  The south eastern catchments are 
primarily sedimentary (Smith et al., 2005). 

The headwaters of the catchment rise in the western Einasleigh Uplands.  As the tributaries from 
the eastern catchment join the main river channel, the riverbed becomes increasingly 
anabranched with frequent permanent pools.  In the lower reaches, the river channels meander 
across a bed of sand and gravel, with frequent flood runners and floodplain waterholes.  Below 
Normanton, the system becomes tidal, meandering over the coastal plain that forms part of the 
South East Karumba Plain Aggregation (Smith et al., 2005).  The majority of this catchment 
incorporates the Gulf Plains bioregion. 
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Figure 19.  Norman River catchment. Inset shows geographical location within 

Queensland. 

 

Mean annual rainfall for the catchment ranges from 500 mm in the south eastern headwaters 
increasing to 800 mm at the coast (ANRA, 2002).  Mean annual outflow from the catchment is 
2.91 GL.  During the wet season peak flows, surface water enters the catchment from the Gilbert 
River into Walkers Creek and from the Saxby River (Flinders catchment) into the adjacent Spear 
and Snowy Creeks on the eastern boundary.  The Norman River lacks substantial groundwater 
aquifers due to the Mesozoic and Cenozoic lateritic soils and Lower Cretaceous conglomerate 
sands and sandstones of the Gulf Plains.  Although poorly known and documented, groundwater 
characteristics in the Norman River are expected to be similar to those in the Flinders River 
catchment (Smith et al., 2005). 

 

Ecological values 

The catchment includes a variety of wetland types, which are dominated (% of wetland area) by 
estuarine wetlands (27%), palustrine wetlands (36%) and riverine wetlands (33%).  The 
catchment includes one Wetland of International Importance, the Southern Gulf Aggregation, one 
Protected Area (Mutton Hole Wetlands Conservation Park) and two nature reserves (Nara Spring 
and North Head refuges) (DERM, 2011).  Although only limited information on ecological values is 
available for the catchment, DERM (2011) list the numbers and conservation status of major 
animal groups: 
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• 12 amphibians; 

• 336 birds, 10 Rare or Threatened; 

• 39 Fish, and; 

• 62 reptiles, 1 Rare of Threatened. 

 

Burrows and Perna (2006) provide the most recent and comprehensive account of aquatic fauna 
(fish) and habitat condition within the catchment.  They recorded 26 fish species, representing 15 
families.  These results, combined with museum records, suggested up to 48 fish species use 
freshwater habitats within the catchment (Burrows and Perna, 2006).  Although not collected in 
any survey, there are anecdotal reports of freshwater sawfish (Pristis microdon) in the Norman 
River catchment (Burrows and Perna, 2006).  Freshwater sawfish is listed as Vulnerable under 
the commonwealth EPBC Act, Endangered on the 2000 IUCN Red List of Threatened Species 
and Critically Endangered in south east Asia.  

Although there has been no assessment of ecological condition, Burrows and Perna (2006) 
describe habitat (aquatic) condition as generally ʻgoodʼ. Although no major weed infestations were 
found, rubber vine and noogoora burr were noted in some reaches of the catchment.  Bund-walls 
across the channel for livestock watering sites, a large weir on the Norman River near Normanton 
and high cattle traffic at some sites were considered the primary impacts on aquatic fauna.  
Riparian vegetation ranged from 95% contiguous canopy of Melaleuca, to sparse tree cover and 
grassland habitat with open eucalypt woodland.  Water quality in the catchment generally reflects 
the adjacent geology, with many waterholes having high turbidity.  Waters have typically low 
salinity (< 300µS.cm-1), and low concentrations of dissolved oxygen;  < 50% saturation (Burrows 
and Perna, 2008). 

 

Social and cultural values 

The Norman River is sparsely populated, with only 2,000 people living within an area of 
50,444km2 (Larson and Alexandridis, 2009).  Social and cultural values within the catchment are 
poorly documented.  Burrows and Perna (2006) note that public access to the riverbanks is 
limited.  Although there are several nature reserves, tourism appears to be insignificant 
throughout most of the catchment, except at the coastal town of Karumba, which supports an 
economically important commercial and recreational fishing and associated tourist industry 
(ANRA, 2002).  It is also a main port for exporting live cattle to south east Asia. 

Both impoundments in the catchment (Glenore Weir and Lake Bemere) are stocked with 
hatchery-reared fish to boost recreational fishing opportunities in the region.  Barramundi are 
regularly stocked into Glenore Weir by the Gulf Barramundi Fish Stocking Association.  
Barramundi, sooty grunter, striped sleepy cod and red claw crayfish have been stocked into Lake 
Belmore by the Croydon Boating and Fishing Club (Burrows and Perna, 2006).  



NAWFA: Climate change and development risks in northern Australian aquatic ecosystems 
 

 
Page 58:  Tropical Rivers and Coastal Knowledge Report 

Approximately 37% of the catchments population is Indigenous (Larson and Alexandridis, 2009).  
Aboriginal language groups within the catchment include: Ngawun, Mbara Mayi-Kulan and 
Walangama (Upper catchment and Inland Gulf Plains); Koknar, Takalak, Agwamin, Uanga, 
Kurtijar and Kuthant (Normanton and the coast).  Catchment specific information on Indigenous 
cultural heritage appears poorly documented.  As described for other gulf rivers however, it is 
likely that waterways and the flora and fauna they support represent important values for 
Indigenous groups within the Norman River catchment. 

 

Development pressure, water resources use and other threatening processes 

The Norman River catchment is remote and sparsely populated (population ~ 2,000). The main 
land use, based on the Australian Lund Use Mapping (ALUM, V6) is production from unchanged 
land (grazing - 100%) (Larson and Alexandridis, 2009). 

There are two major impoundments in this catchment; Glenore Weir and Lake Belmore.  Glenore 
Weir impounds the Norman River, 103km upstream from its mouth, to provide a water supply for 
the towns of Normanton and Karumba (Burrows and Perna, 2006).  Lake Belmore impounds 
Belmore Creek, just north of Croydon and has a storage capacity of 5,800 ML (Burrows and 
Perna, 2006).  Normanton and Karumba source 1,067 ML.yr-1 for domestic supply from the 
Glenore Weir (ANRA, 2002). 

The port of Karumba on the Norman River estuary is the only industrial port within the broader 
Gulf region. The potential impacts in the lower catchment reaches, particularly the estuary, 
associated with this portʼs development and operation have been previously identified (Smith et 
al., 2005). They include: 

 

• loss of natural vegetation; 

• loss of habitat; 

• changes to surface and groundwater hydrology; 

• potential release of acid; 

• pollution from oil, fuel, chemical and other spills; 

• potential stormwater drainage; 

• effects of dredging (siltation, turbidity, loss of benthic habitat), and; 

• discharge of ballast water from ships. 

 

Summary 

The Norman River is remote and sparsely populated.  Like the Flinders River catchment, it is an 
important representative of ephemeral gulf rivers, in which groundwater discharge is likely to be 
ecologically important.  Pastoral activities dominate the landuse and represent diffuse disturbance 
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of the catchments waterways and wetlands, which are generally considered to be in ʻgoodʼ 
condition.  Other development impacts are largely restricted to the presence of two on-stream 
storages and activities associate with the Port in the lower catchment reaches.  Current levels of 
water resource use are very low.  Ecological, social and cultural values within the catchment are 
poorly documented.  Based on available information, the potential for future development appears 
relatively low.  Climate related rises in sea level are likely to impact significant values in the lower 
reaches of the catchment, including economically important fisheries, and high conservation value 
ecosystems (Gulf Plains Aggregation). 

 

FLINDERS RIVER 

Catchment description 

The Flinders River is the longest in Queensland at 1,004 km.  The catchment has an area of 
109,400 km2, and drains 3 bioregions; the Einasleigh Uplands, Mt Isa Inlier and Gulf Plains, and 
has 3 sub-basins; Cloncurry, Flinders and Saxby sub-basins (ANRA, 2002; Smith et al., 2005).  
The catchment comprises 10 major waterways (Figure 20).  The Saxby, Flinders and Stawell 
rivers and associated tributaries drain the north eastern and south eastern Einasleigh Uplands.  
The McKinlay and Williams rivers, Julia Creek and their tributaries drain the central Gulf Plains 
while the Cloncurry, Williams, Dugald and Corella rivers rise from the south western Mt Isa Inlier 
and associated hills (NAFF, 2008).  

The catchment is dominated by hard rock, clay plains and sand sheets (Smith et al., 2005). The 
catchment headwaters rise in the Burra Ranges and Einsleigh Uplands, which comprise basalts 
over Tertiary sedimentary bed-rock.  The south western headwaters rise in the Selwyn Ranges 
that comprise a complex of basalts, metamorphic with igneous intrusive bedrock.  The convergent 
drainage lines move through Tertiary sedimentary and sand/mud conglomerate, sand-soil gravels 
and sand/silt/muds that make up the Gulf Plains, before draining into the south eastern edge of 
the Gulf of Carpentaria.  In the lower reaches and floodplains, the channel becomes braided and 
the bed sediments highly mobile.  Oxbow lakes, billabongs and channels become more common.  
The central Gulf drainage is a wide floodplain of sheet sands with interconnected anabranches 
forming a diversity of instream islands, flood terraces and low flow pools.  As they converge 
towards the coast the river bed becomes less branched and forms wide meandering reaches 
(Smith et al., 2005). 

According to Saynor et al (2008), nine geomorphic types are represented in the Flinders River 
catchment. Anabranching rivers dominate the geomorphic type, representing 78% of the river 
length except for the uplands in the southwest and the eastern part of the catchment.  The next 
most represented river type is bedrock confined and constrained rivers (13%), with the remaining 
seven geomorphic types (meandering; bedrock; low sinuosity; chain of ponds; wandering; non-
channelised valley floors, estuarine) representing a total of less than 10% of the river length.  The 
Flinders River estuary, which includes much of the Bynoe River, extends approximately 100 km 
inland, and is classified as a tide-dominated delta (Brennan and Gardiner, 2004). 
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Figure 20.  Flinders River catchment. Inset shows geographical location within 

Queensland. 
 

Mean annual rainfall is strongly influenced by the monsoonal climate and varies spatially, ranging 
from 350-650 mm.yr-1 in the headwaters to 800 mm.yr-1 towards the coast (Smith et al., 2005). 
Mean annual outflow is 4,375 GL (ANRA, 2002).  Most of the Flinders River catchment has only 
seasonal flow, although some perennial flow and waterbodies occur in some headwater streams 
(e.g. Reedy Creek) that arise in the basaltic areas in the east of the catchment (Bartolo et al., 
2008).  The system is driven more by seasonal subcatchment pulse events than by basin wide 
annual flooding.  During wet years, 5-10 pulses at intervals of a few days are common and these 
are considered important in maintaining perennial refugia (pools) (Smith et al., 2005).  Seasonal 
flow pulses provide important recharge to bed-sand aquifers, triggering basin flows that are vital 
for ecological interactions particularly within the highly anastomosed channels of the mid-reaches.  
These flows are also thought to trigger important seasonal breeding and feeding events of biota 
and provide connectivity for migration, recruitment and redistribution in an otherwise disconnected 
island and pool refugia landscape (Smith et al., 2005). 

The south eastern and south western ranges are important areas for ground water recharge.  
Groundwater maintains hyporheic flows in the upper catchment during periods of cease-to-flow.  
Connectivity between drainage lines is thought to be limited due to parent rock channelling in the 
upper reaches and paeleo channel formations within the underlying bedrock of the mid and lower 
reaches (Smith et al., 2005). 
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Ecological values 

The most significant recent reviews of ecological values in the Flinders River catchment are by 
Bartolo et al. (2008) and Smith et al. (2005).  A summary of the key ecological values is provided 
below. 

The catchment includes two wetlands of National Significance (Lignum Swamp and part of the 
Southern Gulf Aggregation).  The Flinders River is also listed as a Wild River under Queensland 
legislation.  Five species of vulnerable flora, six species of rare plants and six species of 
threatened flora occur within the Leichardt-Flinders River region and the Flinders River spring 
supergroup (a community of native species dependent on natural discharge of groundwater from 
the Great Artesian Basin) is listed as an endangered ecological community under the EPBC Act 
1999.   

Hogan and Vallance (2005, cited in Bartolo et al., 2008) reported 41 fish species from the 
freshwater reaches of the Flinders River.  This included freshwater fish and estuarine vagrants 
that also live in freshwaters, and several new records for the catchment.  Potentially new species 
recorded for the Flinders River included, the Papuan river sprat (Clupeoides cf. papuensis), 
tadpole boby (Chlamydogobius ranunculus) and freshwater whipray (H. chaophraya).  

Riparian vegetation of the Flinders River catchment is relatively intact and healthy (see Bartolo et 
al., 2008).  Some areas have significant infestations of woody weeds such as prickly acacia, 
mesquite, parkinsonia and rubber-vine.  Dowe (2008) identified the dominant riparian structural 
species as Melaleuca bracteata, M. leucadendra and Eucalyptus camaldulensis.  In the far 
southern parts of the catchment, riparian vegetation may be sparse where watercourses pass 
through Mitchell grass plains (Bartolo et al., 2008). 

In general, water quality in the Flinders River catchment is relatively unimpacted by urbanisation 
and industry (Bartolo et al., 2008).  However, many waterholes experience high exposure to, and 
are affected by, livestock and/or feral pigs (Bartolo et al., 2008).  Areas near mining operations in 
the western part of the catchment may also have water quality issues, but little data are available.  
Input from grazing activities may influence water quality, as would some forms of agriculture.  
Hogan and Vallance (2005) reported the Flinders River to have generally high turbidity and an 
associated lack of submerged aquatic vegetation (cited in Bartolo et al., 2008). 

The most comprehensive summary of ecological assets is from Smith et al. (2005). Key flow 
dependent values include: 

 

• large and diverse river basin draining 3 bioregions; 

• Lignum Swamp, a Nationally important wetland; 

• Protected Areas including Porcupine Gorge and White Mountain National Park; 

• Extensive Coolabah and Red Gum dominated braided channel systems with temporary 
wetlands and flooded pastures; 

• Supports approximately 34 flow-dependent Regional Ecosystems including 4 listed as ʻof 
concernʼ; 
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• Nationally and bioregionally significant coastal and sub-coastal habitats for waterbirds 
and the Dugong; 

• Likely to support a variety of rare or threatened species including 1 flora species, 23 
fauna species and 38 migratory and other species listed under the Environmental 
Protection and Biodiversity Conservation Act; 

• provincial or bioregional refugia for native riparian flora and fauna, and; 

• off river lagoons and deep-water channel habitats in lower catchment. 

 

Social and cultural values 

The primary tourist attractions within the Flinders River catchment centre on the gorge and 
associated river systems of Porcupine Creek (partly within Porcupine Gorge National Park), sites 
associated with fossil observation and fossicking around Richmond, and activities related to the 
pastoral industry (Bartolo et al., 2008).  Tourism is mostly associated with pass-through traffic 
using the Flinders Highway.  As the Flinders River has very limited permanent water (apart from 
the tidal lower reaches), recreational fishing and associated activities such as camping is not 
significant. 

 

Development pressure, water resources use and other threatening processes 

Current development pressure in the Flinders River catchment is low (Bartolo et al., 2008).  Urban 
developments include the towns of Hughenden, Richmond, Cloncurry and Julia Creek (NRM&E, 
2002) and the potential for further urban development is limited.  The main activity in the region is 
grazing and agriculture (ANRA, 2002).  While there were no horticultural industries (as at 2008), 
Bartolo et al. (2008) identify interest from some shires in developing irrigable areas to support 
local economies.  Pastoral activities occur over 109,000 km2 of the catchment and account for 
approximately 98% of land-use Bartolo et al., 2008).  As riparian lands are mainly unfenced the 
impact of cattle may be significant.  Although crop production is currently limited to the production 
of supplementary fodder, there have been recent proposals to develop a variety of small scale 
copping. 

There are two dams within the catchment; the Flinders Dam (capacity 7,000 ML.yr-1) supplies the 
township of Cloncurry and the Corrella Dam (capacity 15,800 ML.yr-1) supplied the (now 
abandoned) Mary Kathleen uranium mining operation (ANRA, 2002).  The major townships also 
source potable water from sub-artesian aquifers (Bartolo et al., 2008).  Richmond uses 
approximately 780 ML.yr-1, while the Richmond Shire is also authorised to take 200 ML annually 
from the Flinders River for recreational purposes).  Hughenden and Cloncurry have entitlements 
for 1150 ML.yr-1 and 900 ML.yr-1 (surface water), respectively. 

Approximately 20,500 ML of surface water is licensed for extraction per year (Bartolo et al., 2008), 
of which 91% is allocated for irrigation.  It is estimated that only about 9600 ML.yr-1, or 40%, of the 
total allocated entitlement of surface water and subartesian water is actually used.  Currently 
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7.695 ML.yr-1 is being diverted for agriculture and grazing.  Fodder crop enterprises also harvest 
water directly from waterways as well as off-stream storage facilities (Smith et al., 2005).  An 
estimated 2000 groundwater production bores are present in the catchment however, the volume 
of extraction from these is not documented (Bartolo et al., 2008).  The impacts of long-term 
artesian groundwater extraction have been severe, particularly for discharge springs.  The 
number of discharge springs within the catchment has dramatically reduced (by  ~ 75%) (Bartolo 
et al., 2008) due to a reduction in discharge rate from 5.41 ML.day-1 to 0.27 ML.day-1 (Fensham 
and Fairfax, 2003).  

Silver, lead, gold and copper is currently being mined from the catchment (Bartolo et al., 2008) 
and there are also numerous smaller operations and prospects in the south east of the 
catchment.  From 1997–2003, total production from mining in the catchment averaged around 
$325 million, at an average annual growth rate of 21.3% (Bartolo et al., 2008). 

Additional threats to aquatic ecosystems have been identified by Bartolo et al. (2008).  Although 
these threats remain largely undocumented, they include: 

 

• barriers to fish movement; 

• climate related changes in groundwater discharge, surface water flows and sea level rise; 

• land clearing; 

• altered fire regimes, and; 

• invasive species and weeds. 

 

Summary 

The Flinders River catchment is an important representative of ephemeral Gulf Rivers.  Hydrology 
and ecology is strongly influenced by groundwater discharge, hyporheic flows, and seasonal 
surface water flow pulses.  Based on a risk assessment undertaken by Bartolo et al. (2008), the 
greatest threats to the aquatic ecosystems at present appear to be land degradation (due to 
pastoral activities), exotic plant species, poorly managed fire and extraction of groundwater.  The 
extent of the threat of exotic animal species is unclear due to a lack of information.  However, 
numerous feral species are known to exist in the catchment and are thought to cause substantial 
impacts. 

Although the current level of development in the catchment (and its water resources) is low, there 
are substantial risks to aquatic systems associated with future development of irrigated agriculture 
and mining.  Expansion of these activities will likely impact on the natural surface and 
groundwater hydrology.  Considering the likely ecological importance of groundwater discharge, 
particularly during periods of cease-to-flow, and seasonal surface water flow pulses in maintain 
pool refugia, future large-scale regulation and utilisation of the Flinders Riverʼs surface water 
resources could have a major impact of the aquatic ecological assets.  Climate related rises in se 
levels is likely to represent a significant threat to the lower reaches, particular that part of the 
Southern Gulf Aggregation that occurs in the catchment. 
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LEICHARDT RIVER 

Catchment Description 

The Leichardt River catchment covers, 32,000 km2 and is divided into two subregions, the My Isa 
Inlier and the Gulf Plains (ANRA, 2002).  The main towns in the area are Mt Isa, Cloncurry and 
Gunpowder.  The Catchment comprises seven major drainages: the Leichardt and Alexandra 
rivers, and the Paroo, Gunpowder, Millar, Sandy and Feiry creeks (Figure 21). 

 

 
Figure 21.  Leichardt River catchment. Inset shows geographical location within 

Queensland. 

 

The headwaters of the Leichardt River rise in the Mt Isa Inlier, comprising Proterozoic and lower 
Palaeozoic rocks, Palaeozoic sediments and Igneous rocks.  Cenozoic sedimentary base-rock 
underlies downstream reaches of the catchment.  The western part of the Inlier is predominantly 
sedimentary in the upper reaches becoming sand-soil gravels, sand-silt-muds and sand-mud 
conglomerates as the western creeks join the main river channel of the Leichardt River.  The 
eastern drainage of the Alexandra River comprises calcareous base-rock overlain by sand and 
mud conglomerates.  The mouth of the catchment is alluvial sand, silt and mud (Smith et al., 
2005). 
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The headwaters of the upper Leichardt River are highly incised, single channel watercourses with 
sandy gravel beds.  Lake Moondarra and Lake Julius intercept sediments that would have 
normally been transported downstream to the floodplain and Gulf habitats (Smith et al., 2005).  
Below Lake Julius, the system becomes an open floodplain channel system with large alluvial 
sand and gravel deposition forming a number of vegetated instream and flood terrace islands.  
There are sections with deep pools created from flood scouring events with expansive 
depositional point bars.  Cut points through the bedrock have formed at Leichardt Falls and 
Augustus Downs (Smith et al., 2005).  Near the Coast, the channel widens and flows through tidal 
flats. 

Mean annual rainfall increases from 400 mm in the southern headwaters to 800 mm at the coast.  
Run off and stream flows are driven by monsoonal events that are generally seasonally regular.  
Leichardt River flows are ephemeral and mean annual outflow is 2,179 GL. 

 

Ecological values 

The Leichardt is classified a Wild River under Queensland legislation and there are 3 wetlands of 
National Significance (Lake Moondarra, Lake Julius and part of the Southern Gulf Aggregation) 
(SKM, 2009).  The catchment includes a variety of wetland types, which are dominated (% of 
wetland area) by estuarine wetlands (26%), palustrine wetlands (29%) and riverine wetlands 
(39%). 

There are 686 large (> 1875m2) waterholes and wetlands throughout the catchment (Lymburner 
and Burrows, 2009).  Based on size, distribution, permanence and water quality, they identified 
the following management priorities:   

 

• Upper Leichhardt; 

o lagoon immediately upstream of the intersection of Saint Paul Creek and the 
Leichhardt River and, 

o lagoon downstream of the intersection of Eureka Creek and the Leichhardt River.  

• Mid Leichhardt; 

o Un-named waterbody at the intersection of Sandy Creek and Leichhardt River 
and, 

o waterbodies on the main channel that vary between clear and turbid  

• Gunpowder Creek; 

o The water reservoir near Bar Creek, and 

o Un-named waterhole on Dynamite Creek  

• Fiery Creek; 

o 16 Mile Waterhole, and 
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o Un-named waterhole upstream of 16 Mile Waterhole  

• Alexandra River; 

o ʻThe Lakesʼ 

o ephemeral waterbodies located just north of a line between Werna Hole Yards 
and Prickly Bush 

o Holding Paddock. 

• Coastal Floodplain; 

o Off-channel waterbodies on the forested floodplain of the main channel, such as 
Goose Lagoon, Old Station Lagoon and Dingo Waterhole. 

 

Five vulnerable, six rare and six threatened plant species occur within the Leichardt-Flinders 
region.  Although only limited information on ecological values is available for the catchment, 
DERM (2011) list the numbers and conservation status of major animal groups: 

 

• 11 amphibians; 

• 288 birds, 9 Rare or Threatened; 

• 37 Fish, and; 

• 102 reptiles, 2 Rare or Threatened. 

 

The most comprehensive review of ecological assets is from Smith et al. (2005).  Key flow 
dependent values include: 

 

• instream and fringing ecosystems including seasonal and permanent pools and riparian 
woodlands/forests; 

• frontage woodlands on alluvial levees, terraces and floodplains including eucalypt, 
Melaleuca and Acacia dominated ecosystems; 

• frontage woodlands incorporating seasonal and permanent wetland features; 

• coolabah and Guttapercha woodland on alluvium and tertiary surfaces including; 

• depressions that are seasonally inundated; 

• lignum/bluebush swamps; 

• grasslands on alluvial plains and drainage lines, and; 

• coastal ecosystems including seasonally inundated grassy plains, estuaries, and inter-
tidal flats. 

Smith et al. (2005) also identify key ecological values as: 
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• high aquatic ecosystem integrity in the WRP area; 

• numerous aquatic refugia in the upper catchment  and deep water reaches; 

• Nationally significant wetlands - Lake Julius and Lake Moondarra; 

• Natural Heritage site (Beetle Creek); 

• Seven listed ʻThreatenedʼ flow dependent regional ecosystems (Vegetation Management 
Act 1999); 

• Special Ecological Values associated with some of the Regional Provincial refuge; 

• Rare or threatened flora or fauna occurring in flow dependant ecosystems (e.g. 
Fimbristylis distincta, Sesbania erubescens, Vallisneria nana and Ectrosia blakei), and; 

• 27 Migratory and other fauna listed under the EPBC that occur in flow dependent 
ecosystems. 

 

Development pressure, water resources use and other threatening processes 

The main activities undertaken in the catchment are mining and grazing (ANRA, 2002).  Two 
major water storages exist; Lake Moondarra (78230 ML) and Julius Dam (127000 ML). An 
estimated 53,700 ML.yr-1 has been developed and 20,957 ML.y -1diverted from the catchment 
(ANRA, 2002).  Because these dams are situated in the lower reaches of the catchment, river 
flows throughout the majority of the catchment remain largely unaltered.  Water quality, 
particularly contamination by heavy metals and metalloids is of concern around mining and urban 
centres (Noller et al., 2009). 

The catchment contains the regions largest population centre, Mt Isa.  Observed impacts to the 
flow dependent ecosystems of the Leichhardt River within the Mt Isa City limits are typical of 
major urban centres and include: 

 

• clearing, disturbance and elevated rates of erosion within riparian zones; 

• weed invasion; 

• increased runoff from impervious surfaces; 

• fish passage barriers associated with road crossings, and; 

• diffuse load pollution (nutrients, sediment, hydrocarbons, chemical residues, heavy 
metals) and rubbish. 

 

Most of these impacts are localised and do not extend beyond the city limits. In Mt Isa the sewage 
treatment plant has land-based discharge of treated effluent. 
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Summary 

The Leichardt River has high conservation significance through its listing as a ʻwild riverʼ.  Like 
other rivers of the region, it is sparsely populated and has low levels of water resource 
development.  Primary industries in the catchment include pastoralism and mining.  Only limited 
information is available on ecological social and cultural values.  Although future development 
scenarios are not described, increased development of the water resource to support expansion 
of the mining industry could occur.  The Leichardt River is ephemeral, and ecological processes 
are supported by regular monsoon-derived flows.  Further development of the water resource is 
likely to represent a significant threat to aquatic ecosystems if it impacts on the permanence or 
quality of dry season refugia.  Climate related rises in se levels is likely to represent a significant 
threat to the lower reaches, particular that part of the Southern Gulf Aggregation that occurs in the 
catchment. 
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 HYDROLOGY CHARACTERISTICS CHAPTER 3
AND HIGH AND LOW FLOW THRESHOLDS  
 

3.1 INTRODUCTION 

3.1.1 AIMS AND OBJECTIVES 
This Chapter reviews the hydrological characteristics of a number of selected catchments in 
Western Australia, Northern Territory and Queensland that have been identified by the State and 
Jurisdictions as having important ecological assets that are sustained by surface and/or 
groundwater regimes.  The nominated assets in each State have been listed in Section 1.3; 
Figure 2).  The approach is to give a broad indication of the surface and ground water regimes 
across the entire study area and to complement this with more specific hydrological information 
for a number of catchments where sufficient data exist.  Long-term historical hydrological regimes 
are described first and then compared with how they may change under the latest climate change 
predictions for the region with and without any surface and/or groundwater abstractions 
associated with State and Jurisdiction prescribed development entitlements.  This part of the 
review draws heavily on the recently published Northern Australia Sustainable Yields (NASY) 
project reports, in particular those covering rainfall-runoff modelling (Petheram et al., 2009b), river 
modelling (Petheram et al., 2009a), groundwater recharge modelling (Crosbie et al., 2009) and 
climate scenarios for northern Australia (Li et al., 2009). 

In order to translate changes in hydrological regimes into potential impacts on supported 
ecological assets, the exceedence of high and low flow thresholds was examined under historical 
and future climate and development scenarios.  The approach follows that reported by McJannet 
et al. (2009) for the whole of northern Australia and uses two forms of analyses.  Firstly, in the 
very few places where flow related metrics (a more general term for thresholds and other facets of 
the flow regime) for the sustainability of specific aquatic species or ecosystems were known, 
these ʻsite specificʼ metrics were used.  However, in the vast majority of locations where the flow 
requirements for ecological assets are largely unknown, a set of ʻstandard metricsʼ that can be 
derived from the flow data alone were used.  Both of these approaches are described in more 
detail in the methods section. 

Many aquatic biota in the region survive the long dry season by using the refugia provided by in-
stream pools.  This Chapter therefore also includes a description of how remote sensing 
techniques may be used to track the seasonal and inter-annual evolution of pools in major 
streams.  By relating this to flow measured at a nearby river gauge, it may be possible to identify 
flow related ecological thresholds (as in the ELOHA approach) that can be used to estimate how 
future climate and/or development might influence in-stream pools and the aquatic biota they 
support.  Many of the ecosystems on the floodplain adjacent to the major streams are dependent 
on flooding.  For example, the biological health of floodplain wetlands is highly dependent on their 
ʻconnectivityʼ with the main stream and other wetlands (e.g. see Karim et al., 2011).  We will 
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illustrate how hydrological connectivity can be quantified in the Fitzroy catchment and how the 
connectivity is affected by the frequency, size and duration of flooding.  

This Chapter addresses the following broad objectives: 

 

• characterise groundwater and surface water regimes under historical conditions; 

• Review how groundwater and surface water regimes may change with climate and/or 
development; 

• Characterise hydrological regimes in terms of a range of groundwater levels and how 
these levels relate to surface expressions of groundwater; 

• Quantify how the timing and rate of rise and fall in groundwater levels and surface water 
flows varies under a range of climate and development scenarios; 

• Modell hydrological regimes, such as extent and duration of flooding and how this relates 
to main channel water levels; 

• Map the spatial distribution of permanent pools in ephemeral streams and other refugia 
and, using climate change and potential development scenarios, make predictions about 
the future distribution of pools/refugia; 

• Assess the current level of pool connectivity for key biota and predict, given the likelihood 
of increased fragmentation due to climate change or impacts from alternate development 
scenarios (including cumulative impacts), the potential viability of ecological systems 
associated with permanent pools/ refugia. 

 

This Chapter presents a large quantity of detailed information on hydrological regimes in northern 
Australia.  Numerous modelling and review components were required to address the broad 
objectives above (see below).  This Chapter therefore provides methods for all approaches in one 
section, followed by the key findings and discussion for a variety of investigations.  This Chapter 
is structure with the following sections. 

 

• Section 3.2:  Methods 

• Results and discussion Section 3.3.1:  Groundwater regimes 

• Results and discussion Section 3.3.2:  Groundwater characterisation across northern 
Australia 

• Results and discussion Section 3.3.3:  Surface water regimes 

• Results and discussion Section 3.3.4:  In-stream pools as ecological refugia 

• Results Section 3.3.5:  Flood extent and wetland connectivity 

• Section 3.4:  General discussion and conclusions 
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3.2 METHODS 

3.2.1 CLIMATE CHANGE SCENARIOS 
The climate change scenarios used here to assess impacts on surface and groundwater regimes 
are those derived by Li et al. (2009) in the NASY project.  Three of the NASY scenarios were 
used in this project; 

 

• Historical (1930 to 2007) climate and current development (Scenario A) 

• Future (~2030) climate and current development (Scenario C) 

• Future (~2030) climate and future (~2030) development of farm dams, plantations, 
groundwater systems and proposed irrigation development (Scenario D). 

 

The methods used to generate the required climate data for Scenarios A, C and D are briefly 
described below).  For a detailed description of development of these climate scenarios see Li et 
al. (2009).  

 

SCENARIO A: HISTORICAL CLIMATE 

Daily climate data from 1 September 1930 to 31 August 2007 at 0.05 x 0.05 degree (~ 5 x 5 km) 
grid cells across the region were extracted from the SILO database 
(http://www.longpaddock.qld.gov.au/silo/).  As rainfall in northern Australia is highly variable in 
space and time, due to the processes governing tropical cyclones and local thunderstorms, their 
interpolation was carried out using the kriging approach described by Jeffrey (2006), who also 
carried out the interpolation methods of other climate variables (e.g. temperature, humidity; 
Jeffrey et al., 2001).  In addition to daily rainfall data, the rainfall-runoff models used in the NASY 
project also require areal potential evapotranspiration (APET) so Mortonʼs wet environment APET 
(Chiew and Leahy, 2003; Morton, 1983) was calculated for a daily time step at 0.05 x 0.05 degree 
resolution using SILO data (temperature; relative humidity and incoming solar radiation).  

In the Queensland catchments, Scenario A was derived slightly differently because of the river 
modelling approach that was used.  To describe the current surface hydrological conditions in 
these catchments we report two of the scenarios analysed in the NASY project, Scenario A* and 
Scenario AN.  In the Queensland catchments, Scenario A* represents historical climate and full 
use of existing entitlements, and Scenario AN uses historical climate without any development at 
all (i.e. no surface or groundwater extraction or water storages).  The current level of water use in 
these catchments is somewhere between no use of water entitlements and full use of water 
entitlements.  The Queensland scenarios are described in more detail in Section 3.3.3. 
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SCENARIO C: FUTURE CLIMATE 

The future climate scenario provides estimates of possible conditions around the year 2030 under 
three different potential global warming scenarios; projected high, median and low greenhouse 
gas emissions.  These three scenarios are inferred from the Fourth Assessment Report (AR4) of 
the Intergovernmental Panel on Climate Change (IPCC, 2007) and the latest climate change 
projections for Australia (CSIRO and Bureau of Meteorology, 2007).  The future climate scenarios 
were derived by scaling the climate data from 1 September 1930 to 31 August 2007 to represent 
the climate around 2030, based on analyses of 15 global climate models (GCMs) under three 
global warming scenarios.  Thus, 45 future climate variants, each with 77 years of daily climate 
sequences for 0.05 x 0.05 degree grid cells across the region, were used for the rainfall-runoff 
modelling and associated ecological impact assessment. 

In Western Australia and Northern Territory Scenario C includes future climate and current 
development of water resources.  In the Queensland catchments, Scenario C differs in that it 
includes future climate and no development of water resources. The Queensland scenarios are 
described in more detail in Section 3.3.3 

 

SCENARIO D: FUTURE CLIMATE WITH DEVELOPMENT 

This scenario uses the same climate data as in Scenario C, but adds the surface flow impacts of 
any proposed development of farm dams, plantations, groundwater systems and irrigation 
development.  As in Queensland, where future development water entitlements are specified they 
are applied in full in this scenario. 

 

3.2.2 DEVELOPMENT SCENARIOS 
Future water abstractions and use for hydropower, agriculture, mining and town water supplies 
were specified by the jurisdictions and are summarised in the NASY river modelling report by 
Petheram et al. (2009a).  In Queensland, the IQQM river system models were setup assuming a 
full use of existing entitlements.  Full use of existing entitlements refers to the total entitlements 
within a plan area including existing water authorisations and unallocated reserves.  This refers to 
the water accounted for in the draft Gulf Resource Operations Plan, but the licences are interim or 
not allocated as yet.  Current levels of usage (i.e. 2009) in the IQQM catchments are unknown.  
Hence for the IQQM river system modelling catchments Scenario A* refers to the full use of 
existing entitlements under the historical climate.  Scenario D refers to the full use of existing 
entitlements under a future climate for Queensland and all other catchments. 

 

3.2.3 GENERAL METHODOLOGICAL APPROACH 
Hydrological analysis in this NAWFA project (NAWFA2) has used the same approach as that 
used in the NASY project which is the most comprehensive assessment of surface water and 
groundwater resources of northern Australia that has been undertaken to date.  The methodology 
is well suited to NAWFA2 and is described below. 



Chapter 3: Hydrological characteristics and threshold analysis 
 

 
Page 83:  Tropical Rivers and Coastal Knowledge Report 

Given the vast size of the northern Australian region and the general paucity of reliable rainfall, 
river flow and groundwater data, NASY used a two-tier approach to assess key hydrological 
variables most closely associated with important ecological assets.  Across the entire region, 
broad-scale assessments were made using simple conceptual models where the results obtained 
are relative or semi-quantitative at best.  At this scale, it is not possible to make accurate flow 
predictions for specific river reaches, local aquifers or the biota that they support.  However, in a 
few places where more detailed hydrological and ecological information exist, we have performed 
analyses at a more specific and detailed scale.  These results are much more useful for managing 
river flows in order to sustain important biota.  These few examples also serve to illustrate the 
level of information that is required for this purpose. 

 

3.2.4 HYDROLOGICAL METHODS 

GROUNDWATER REGIMES 

The groundwater assessment and modelling component of the NASY project (Crosbie et al., 
2009; CSIRO, 2009a; 2009b; 2009c) has collated existing data to report on the occurrence, status 
and possible future condition of groundwater resources across the three Drainage Divisions of the 
Northern Australia.  Across all regions there has been a broad scale assessment of current and 
future levels of groundwater allocations and use, the derivation of a conceptual groundwater 
recharge-flow-discharge model, and a detailed analysis of groundwater recharge rates under 
historical, recent and future climates (Crosbie et al., 2009).  

Quantitative groundwater modelling in the NASY project was only possible in the Daly region, the 
Fitzroy (WA) region and a very small part of the Van Diemen region, due to limited data and lack 
of groundwater models for the remaining regions and Drainage Divisions in northern Australia.  
The only region in the NASY reporting area where a detailed groundwater model was available in 
proximity to environmental assets, was the Daly region. 

The Daly region is represented with an existing, calibrated, regional-scale, FEFLOW numerical 
groundwater flow model coupled to a calibrated MIKE11 surface water model (Knapton, 2006).  
The input to the MIKE11 model is via the NAM rainfall-runoff module, which generates runoff 
discharges based on climatic data. T he recharge input to the FEFLOW was generated using the 
WAVES model.  Surface–groundwater interaction along the rivers occurs where the MIKE11 
model is joined to the FEFLOW model.  Input climatic data are consistent for both the NAM and 
WAVES models.  The coupled model has enabled quantitative assessment of the impacts of 
climate change and current and future development through implementation of the three 
scenarios (scenarios A, C and D) as well as scenario B, which represents the surface and 
groundwater regimes under the recent climate between 1996 and 2007.  Modelling of the 
interaction between surface and groundwater is discussed in more detail in Crosbie et al. (2009) 
and CSIRO (2009a; 2009b; 2009c). 
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SURFACE WATER REGIMES 

The surface water assessments made in the NASY project involved a number of separate tasks, 
including: 

 

• rainfall-runoff modelling at the regional scale under scenarios A, B and C; 

• river system modelling; 

• assessment of regions without river models, and. 

• evaluation of levels of confidence. 

 

Petheram et al. (2009b) tested five different rainfall-runoff models and found that an ensemble of 
Sacramento (Burnash et al., 1973) and IhacresClassic (Croke et al., 2006) was the optimal 
combination of models for runoff estimation in northern Australian catchments.  This combination 
balanced model performance with the practicalities of running multiple rainfall-runoff models at a 5 
x 5 km grid cell scale across an area of 1.25 million km2 in a short space of time.  The 
Sacramento and IhacresClassic models were used to extend stream flow records at existing 
gauging station locations and to simulate runoff at each 0.05 degree grid cell over the entire 
region under each scenario.  

For rainfall-runoff modelling, the Nash-Sutcliffe (Nash and Sutcliffe, 1970) metrics provide a direct 
measure of the level of confidence in runoff prediction.  These metrics were computed for every 
catchment that contained a river gauge and transposed to the many ungauged catchments 
multiple cross-verification simulations (Petheram et al., 2009b).  Since rainfall-runoff models are 
biased in their calibration to a particular range of flows, usually the mid-to high flows (i.e. peak 
flow events), the level of confidence for the high and low flow predictions were estimated 
separately.  Levels of confidence in high and low flow prediction were expressed on a scale of 1 
through 5; with 1 representing results with the highest confidence and 5 representing the most 
unreliable results.  Details are provided in Petheram et al. (2009b). 

Wherever jurisdictions have developed river system models, these were used within the NASY 
project (Petheram et al., 2009a).  These models encapsulate descriptions of current 
infrastructure, water demands and water management and sharing rules and can be used to 
assess the implications of the changes in inflows given by the rainfall-runoff simulations on the 
reliability of water supply to users.  They may also be used to support water management 
planning by assessing the trade-offs between supplies to various competing categories of users.  

 

HIGH AND LOW FLOW METRICS 

In a study of the potential impact of climate and development changes on stream flow at selected 
environmental assets across northern Australia, McJannet et al. (2009) reported that the flow 
requirements for the ecosystems and biota in this region are largely unknown.  They also 
identified a few locations, such as the Daly River (see Erskine et al., 2003), the Fitzroy River (see 
Morgan et al., 2005) and the Ord River (Braimbridge and Malseed, 2007; Trayler et al., 2006) 



Chapter 3: Hydrological characteristics and threshold analysis 
 

 
Page 85:  Tropical Rivers and Coastal Knowledge Report 

where sufficient environmental flow information has been collected to allow site specific flow 
metrics to be derived and used to assess the potential impacts of climate change and 
development.  For environmental assets where there is little or no quantitative information, 
McJannet et al. (2009) derived a set of standard metrics for high and low flow regime change 
which were used to assess the potential impacts of future climate and development scenarios.  
The use of standard metrics for all environmental assets provides a consistent means for cross-
regional comparison. 

A number of metrics have been reported in the literature that are associated with ecologically 
significant low flows in a river (Kennard et al., 2010; Nathan and McMahon, 1992; Olden and Poff, 
2003).  One of the most commonly used metrics is the flow that is exceeded for 90 percent of the 
time, Q90 (Gordon et al., 1992). A schematic diagram of the flow duration curve from which Q90 is 
derived is shown in Figure 22. 

 

 
Figure 22.  Idealised examples of the flow duration curves for a high (solid line) and low 
(dotted line) variability river. The low flow threshold Q90 and high flow threshold Q5 are 

shown for both river types. 

 

Since many of the floodplain wetlands of northern Australia require flood or high level flows to 
facilitate connectivity with other water bodies, it is necessary to have another metric to assess the 
change to the high flow regime at important environmental assets locations.  Since the flow above 
which floodplains commence inundation is not known for most of the asset locations, it is 
therefore necessary to use some other metric of high flow as a surrogate.  Other studies have 
used high flow metrics based on flows exceeded between 10 and 1 percent of the time (Kennard 
et al., 2010; Olden and Poff, 2003) and McJannet et al. (2009) opted for the flow exceeded 5 
percent of the time (Q5) in their analyses of a range of environmental assets across northern 
Australia.  The derivation of Q5 is also shown diagrammatically in Figure 22. 

In this study we have used the high (Q5) and low flow (Q90) standard metrics method described by 
McJannet et al. (2009) and these were calculated using historical (Scenario A or AN for 
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Queensland) river flow data for a number of river nodes in a selection of catchments in Western 
Australia, Northern Territory and Queensland.  The mean number of days above the historic Q90 
and below the historic Q5 was then calculated for each of the other scenarios.  It has been noted 
by Petheram et al. (2008), that for many of the streams of northern Australia the value of the low 
flow metric (Q90) is zero, therefore it is best suited to rivers where flow is perennial.  In streams 
that cease to flow a more suitable metric is the mean number of days per year with zero flow.  
The number and mean duration of events above the high flow threshold and below the low flow 
threshold are also reported.  The duration of high and low flow events is reported to be an 
important driver of ecosystem structure and processes in northern Australia (Warfe et al., 2011).  
The rates of rise and fall in stream flow are also reported for the wet season months as these 
could be related to fish migrations, habitat suitability and breeding events (see Section 5.2; 
Mallen-Cooper and Stuart, 2003).   

The final and most general metrics used are changes to the mean annual flow, wet season 
(November to April) flow and dry season (May to October) flow.  These metrics along with those 
described above give a good indication of the direction of changes to the hydrological regime 
under the given scenarios. 

The above low and high flow metrics are summarised as: 

 

• annual flow (mean); 

• wet season flow (mean); 

• dry season flow (mean); 

• low flow threshold (discharge exceeded 90 percent of the time in Scenario A); 

• number of days below low flow threshold (mean); 

• duration of flow events below low flow threshold (mean); 

• number of events below low flow threshold (mean) 

• number of days of zero flow (mean); 

• high flow threshold (discharge exceeded 5 percent of the time in Scenario A); 

• number of days above high flow threshold (mean); 

• duration of flow events above high flow threshold (mean); 

• number of events below high flow threshold (mean); 

• wet season rate of rise (mean), and; 

• wet season rate of fall (mean). 

 

All of the time series analysis for the standard flow metrics was undertaken using the River 
Analysis Package (RAP), which is described by Marsh (2004). This software is available free of 
charge from the eWater CRC.  
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3.2.5 IN-STREAM POOLS AS ECOLOGICAL REFUGIA  

INTRODUCTION 

There is a broad concern and a wide literature on the subject of how river flow regimes support 
important aquatic biota.  The flow-biota interaction occurs at all flows, but is arguably the most 
sensitive at the high and low flow ends of the flow regime.  The relationship between high (flood) 
flows and floodplain connectivity is described in Sections 3.2.6 (methods) and 3.3.5 (results) and 
this section concentrates on the way that low flows interact with aquatic biota.  Several 
approaches have been used, e.g. ʻecologically acceptable low flowsʼ (Acreman, 2005), where low 
flow levels are identified below which there are thought to be unacceptable ecological impacts.  In 
the USA and Australia, the ELOHA (Ecological Limits of Hydrologic Alteration) approach has been 
favoured because of its scientific basis (Arthington et al., 2006) and the existence of practical 
application guidelines (Poff et al., 2010).  ELOHA has several components including the 
establishment of ʻbaselineʼ hydrological conditions and “determining the flow-ecology relationships 
that quantify biological responses to different degrees of hydrological alteration...”.  The former is 
relatively straight forward using well-established hydrological analyses techniques provided 
suitable river flow data exist.  The latter is much more challenging and there are very few 
combined ecological-hydrological studies that have established reliable flow-ecology relationships 
that quantify specific low flow thresholds or other such metrics.  Some examples of these 
relationships and associate thresholds for the Daly River in Northern Territory are described in the 
following section. 

 

FLOW-ECOLOGY RELATIONSHIPS FROM THE DALY RIVER 

Two major reports summarise the identification of water dependent ecosystems in the Daly River 
catchment and the future risks to them (Begg et al., 2001; Erskine et al., 2004).  The first report 
(Begg et al., 2001) provides a detailed classification and inventory of water dependent 
ecosystems (i.e. wetlands) along with estimates of future water demands associated with the local 
Land Use Concept Plan.  These two data sets are combined in a spatially explicit GIS to derive 
future potential impacts on wetlands.  Of more relevance to environmental assets supported by 
dry season flows, the report by Erskine et al. (2003) and its update Erskine et al. (2004) 
summarise the results from five projects within the National River Health Environmental Flow 
Initiative.  Four of these projects provide quantitative data on the relationship between important 
aquatic biota and flow that can be used in the ELOHA approach: 
 

• Modelling Dry-season flows and predicting the impact of water extraction on a flagship 
species - the pig-nosed turtle (Carettochelys insculpta); 

• Environmental water requirements of Vallisneria nana in the Daly River, Northern 
Territory; 

• Tree water use and sources of transpired water in riparian vegetation along the Daly 
River, Northern Territory 

• Periphyton and phytoplankton response to reduced dry season flows in the Daly River. 
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The aim of these projects was to provide recommendations on environmental flows consistent 
with maintaining the biota and wider ecosystem values of the Daly River.  The ecology-flow 
relationships and associated thresholds for each of these four studies are briefly described below.  

 

 The pig-nosed turtle (Carettochelys insculpta) 

The work by Georges et al. (2002) reported in Erskine et al. (2003) gives data for the success of 
turtle nesting and their main food source, the aquatic macrophyte Vallisneria nana.  Turtle nesting 
success and V. nana bed occurrence are related to the Daly River flow at the Dorisvale gauge 
(QD) and the graphs below were constructed from values reported in Erskine et al. (2003).   Figure 
23 shows that turtle nesting success declines below 100% when QD falls below 7.6 m3 s-1. 

 

 
 Figure 23.  The relationship between pig-nosed turtle (Carettochelys insculpta) breeding 

success and flow at the Dorisvale gauge on the Daly River middle reaches.   
 

The aquatic macrophyte Vallisneria nana  

Vallisneria nana is an aquatic macrophyte that forms a key habitat and food source for many turtle 
and fish species.  It is the dominant macrophyte in the Daly River and its growth is dependent on 
flow; too low and its exposure to air is fatal, too high and it can be washed away.  Rea et al. 
(2002) have used a hydrodynamic model to predict the optimum flow conditions for V. nana and 
report that below 10 m3 s-1 there is a sudden decrease in the habitat availability for this plant.  A 
flow of ~ 12 m3 s-1 (at the Oolloo crossing river gauge) is reported as ʻthe inflection point on the 
response curve for % exposure and depth preference of V. nanaʼ.  

It is also possible to construct a flow-macrophyte abundance relationship from the data reported 
by Erskine et al. (2003).  Their observations of the decline in pool numbers as flow decreased 
during the dry season are shown in Figure 24. 
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Figure 24.  The increase in the number of pools in the Daly middle reaches as flow at the 

Dorisvale gauge decreases.   

 

This relationship does not show any clear threshold, but Erskine et al. (2003) also reported the 
number of V. nana beds per pool, which is plotted in Figure 25.  This shows a clear threshold 
around 11 m3 s-1, below which the number of macrophyte beds per pool sharply declines.  

 

 
Figure 25.  The number of Vallisneria nana beds per pool in the Daly middle reaches as a 

function of flow at the Dorisvale gauge.  
 

By taking the product of V. nana beds per pool and pool numbers we can construct the 
relationship between the total number of V. nana beds and flow, and this is shown in Figure 26.  
This shows that there is an optimum flow around 7.6 m3 s-1, so both turtle nesting success and 
availability of their main food source (V. nana) therefore appear to be optimal at the same river 
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flow (7.6 m3 s-1).  The impacts of climate and/or development on turtles and macrophytes can now 
be quantified using this threshold and this is described in Section 3.3.3. 

 

 
Figure 26.  Total number of Vallisneria nana macrophyte beds as a function of flow at the 

Dorisvale gauge on the Daly middle reaches.  
 

Tree water use and sources of transpired water in riparian vegetation  

OʼGrady et al. (2006) reports riparian tree water use and found no difference in tree water use 
between the different study sites, however, water use tended to be higher in the wet season, 
reflecting the contribution of deciduous species.  Different species water use was similar (at 2.3 to 
2.7 m3 m2 day-1; Erskine et al.; 2003), and stand water use ranged between 1.8 and 4.1 mm day-1 
(O'Grady et al., 2006).  The amount of ground water used by the trees was found to be a function 
of landscape position, e.g. trees at lower elevations, closer to the river, used more ground water 
than trees higher on the levees.  Extrapolation of the sample tree data along the ~ 80km Daly 
River reach gave an average water use of 3.2 mm day-1, with 60 to 75 % of this estimated to have 
come from groundwater.  The summary table in Erskine et al. (2003) states that all of the riparian 
vegetation water use can be met by maintaining dry season river flow of not less than 2 m3 s-1.  
Although we donʼt have sufficient data to construct a flow-ecological health relationship, we can 
use this threshold to explore how often these riparian trees are subjected to undesirable levels of 
low flow.  Again this is summarised in Section 3.3.3.  

 

Periphyton and phytoplankton response to reduced dry season flows  

This study by Townsend et al. (2002) evaluates the responses of phytoplankton, benthic diatoms 
and microalgae to dry season flows in the Daly River. They found the relationship shown in Figure 
27 for the dependence of the macroalgae Spirogyra to flow.  
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Figure 27.  The increase in algal biomass in the Daly River middle reaches with flow.  

 

Although no threshold is evident in the above figure, the authors refer to a threshold of 12 m3 s-1, 
below which loss of habitat becomes important.  They also refer to simulations which show that 
proportional extraction of flow is better than a fixed regime and, that when this proportion exceed 
8% of the natural flow variability, Spirogyra biomass would be adversely affected.  

The above species-specific low flow metrics are closely tied with the existence of in-stream pools 
which form critical refugia for many aquatic biota.  An important key to quantifying flow regime 
impacts on freshwater ecology is therefore to define the relationship between flow and the 
formation of in-stream pools.  This is explored in the following section where LandSat remote 
sensing data are used to quantify the development of pools in three northern rivers, the Daly in 
NT, the Mitchell in QLD and the Fitzroy in WA.  

 

OBJECTIVES OF THE LOW FLOW AND STREAM POOL STUDY 

The previous discussion clearly demonstrates that quantitative flow-ecology relationships are vital 
if the consequences of flow changes (due to climate or development) are to be estimated.  Many 
aquatic biota use river pools towards the end of the dry season as habitat or refugia, as 
demonstrated by the work of Georges et al. (2002) and Erskine et al. (2003) on the success of 
turtle nesting and their main food source based on a ground survey of pools within the stream bed 
towards the end of the dry season.  However, the process of developing relationships between 
discharge and pool characteristics through manual observation is a costly and time consuming 
activity, so this part of the study explores the relationship between stream pools and flow, for a 
central reach of the Fitzroy River, WA; the Mitchell River, QLD and the Daly River, NT using 
remote sensing techniques of varying resolution (e.g. LiDAR, LandSat and Ikonos).  We have 
examined how well these different remote sensing data can be used to identify stretches of the 
river, which contain breaks and pools, including pool size and numbers.  We have also looked at 
whether there are relationships between river flow and pool number and total area as a means of 
defining flow thresholds below which aquatic biota may be undesirably impacted.   
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STUDY REGIONS 

The regions of interest for this low flow and stream pool study is the in the Fitzroy, Mitchell and 
Daly catchments in northern Western Australia.  Central reaches of the main river channels in 
each of these catchments where pools are likely to form during the dry season are shown in 
Figure 28.  The reach analysed in the Fitzroy catchment is 275 km long and runs between Fitzroy 
Crossing (upstream) to Looma (downstream).  The reach includes 221 km of the Fitzroy River and 
54 km of the Cunningham River anabranch.  The gauge used to examine how the pools vary with 
flow is Fitzroy Barrage (No. 802003).  In the Mitchell catchment we analysed a 243 km reach in 
the middle of the catchment and the reference flow gauge was Gamboola (No. 9190011A).  For 
the Day River, we analysed a 171 km section of the middle reaches and used the flow gauge at 
Beeboom (No 8140042) as the reference gauge.  

 

METHODS OF POOL IDENTIFICATION 

LiDAR 

Laser altimetry (LiDAR) data were sourced for high resolution flood hydrodynamic modelling (see 
Section 3.2.6) at five locations on the Fitzroy River.  The largest of the five scenes, the Fitzroy 
Crossing coverage, was provided by Main Roads Western Australia and had a resolution of 2 m x 
2 m.  These data were provided in a pre-processed form that contained a number of no-data 
ʻholesʼ, many of which coincided with the river channel.  It was considered that, as standing water 
typically results in a non-returned LIDAR signal, that these no-data ʻholesʼ may represent pools.  If 
this was the case then the LiDAR data could be used as a high resolution snap shot of pool 
location, which could provide an ideal dataset for testing other lower resolution approaches. 

LandSat 

LandSat 5 Thematic Mapper data for identifying pools were sourced from the USGS archive; 
these datasets have a resolution of 30 m and have been terrain corrected (Table 3).  Only images 
which were cloud free along the rivers reaches were chosen and the number of these varied from 
6 (Daly in 2000 and Fitzroy in 2008) to 16 (Fitzroy in 2006). 
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Figure 28.  Diagrams of the Fitzroy (top), Mitchell (middle) and Daly catchments showing 

the river reaches (red) which have been analysed for in-stream pools. 

 

Fitzroy, WA 

Mitchell, QLD 

Daly, NT 
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Table 3.  Availability of mostly cloud free LandSat imagery for the Fitzroy, Mitchell and 
Daly Rivers the years chosen for pool analysis. 

 
 

SUITABILITY OF TECHNIQUES 

LiDAR 

To investigate whether the LiDAR data could be used to identify pools in the river channel, the 
“holes” in the LiDAR were analysed using ArcGIS software.  The resultant polygons were then 
compared with Google Earth imagery of the Fitzroy and Margaret Rivers (Figure 29) and later with 
the LandSat TM5 image for the same time period (Figure 30).   

Comparing the LiDAR with Google Earth imagery (Figure 29) showed that ʻholesʼ that occurred 
within the river channels did indeed coincide with the presence of water in the river, though the 
shape and extent of the observed water was generally much smaller than could be seen in the 
Google Earth image.  This could possibly be explained by the different timing of data collection 
and is explored further below through comparison with LandSat TM5 data. 

It is worth noting the presence of off-river ʻholesʼ in the LiDAR data (Figure 29), were unlikely to be 
non-returns from water as they occurred on rocky elevated areas.  The presence of these ʻholesʼ 
could not be explained, but could be related to problems with data collection in a highly dissected 
landscape. 
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Figure 29.  Coincidence of in river ʻholesʼ (outlined in yellow) from LiDAR data with 

observed standing water from Google Earth imagery.  

 

The LiDAR data was captured in May 2008 and this coincided with a cloud free LTM5 overpass 
providing a further means by which to assess the performance of LiDAR data.  The two data sets 
are compared in Figure 30, which shows that the spatial extent of the pools is not well matched 
between the two data sets.  This suggests that the LiDAR holes may be artefacts related to the 
interpolation settings used when processing the raw LiDAR data.  This is supported by the fact 
that none of the other four LiDAR scenes along the Fitzroy contained these ʻholesʼ, which used a 
different raw data processing routine. 

 

 
Figure 30.  LandSat TM image (left) with pools shown in black and LiDAR data (right) also 

with pools shown in black.  
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As LiDAR has much finer spatial resolution to other remote sensing products (e.g. < 1m 
compared with 30m for LandSat) it has the potential to provide a better dataset for identifying 
pools, however, our preliminary analysis suggests that obtaining a reliable relationship between 
LiDAR returns and the presence of water in streams will require further analyses using 
unprocessed ʻrawʼ LiDAR data.  As this was not possible within the scope of the current project 
we opted to use LandSat data for all subsequent pool identification work. 

 

LandSat 

Utilising the reflectance properties of water it is possible to use LandSat imagery to identify water 
as is illustrated in Figure 31.  From this figure, it is possible to clearly identify standing water within 
(and outside) the river channel.  

 

 
Figure 31.  Example LandSat TM image of the Fitzroy River with pools shown in black. 

 

An object-based image analysis (OBIA) has been used in this study.  OBIA allows pixels to be 
clustered into objects that better reflect the scale of the features and processes being studied 
(Benz et al., 2004).  A Near Infrared Band (LTM 5) threshold and two band ratios (NDVI and 
NDWI) sensitive to the presence of water and plant canopy liquid water have also been used.  
The imagery was segmented into a population of objects based on proximity to the river channel.  
A binary classification model was then applied that separates the land covers into target and non-
target groups.  Some degree of manual editing of the data was then required due to residual ʻfalse 
positivesʼ in the water class.  Once completed a range of spatial and geometric pool metrics have 
been extracted.  These include pool; number, area, length, width and a number of other object 
shape indices.  Some of these are illustrated in Figure 32 for the central reach of the Fitzroy River.   
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To test the reliability of LandSat images for identifying pools within the river channel we started 
our analysis in the Fitzroy River for the 2008 calendar year.  Table 3 shows the availability of 
LandSat data through 2008.  For this year seven overpasses provided reliable data for analysis.  

 

 
Figure 32.  Fitzroy River channel and pool classifications showing the change in pool 

distribution through the seasons. 

 

VERIFICATION OF RESULTS 

In the absence of any high-resolution coincident data in 2008, we have used an October 2005 
Ikonos image from the Google archive.  The October 2005 LTM5 image has been processed and 
results shown in Figure 33.  Gauge records at Fitzroy Crossing for this date show a flow of 1.82 
m3/s.  Fairly good agreement exists, though spatial error due to the 30 m LandSat resolution are 
evident, as are some false positives due to riparian vegetation sometimes being mapped using 
the NIR threshold.  

Further verification of LandSat pools using more temporally coincident high resolution images is 
required to ascertain the accuracy with which LandSat data can identify in-stream pools.  As 
LandSat imagery is most likely to be in error when identifying smaller objects, for the remainder of 
this study we have only counted pools that contained more than 4 pixels.  This means that pools 
less than 0.36 ha (or up to 120 m in length) are not counted.  This cut off is consistent with the 
pool survey and modelling analysis by Georges et al. (2002), who ignored pools less than 300 m 
in length. 
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Figure 33.  October 2005 Ikonos image clearly showing pools (left) and the same image 

with the identified pools from LandSat analysis overlain (right). 

 

3.2.6 FLOOD EXTENT AND DURATION  

INTRODUCTION 

Flood flows provide opportunities for the off-stream floodplain wetlands to be connected with the 
main channels of floodplain river systems, and these ʻflood pulsesʼ are thought to be the major 
determinant of the high biodiversity of floodplains (Junk et al., 1989).  The Fitzroy River is one of 
the Australiaʼs few unregulated river systems and it supports a large number of off-stream 
wetlands of distinct ecology and environmental value (Kennard, 2011).  

An important issue for the management of these wetlands, under present and future climate, is to 
know the extent, timing and duration of their connectivity to support ways to maintain or even 
enhance an optimal level of connection and biophysical exchanges between off-stream wetlands 
and a main river channel.  This information is scarce for the majority of Australian floodplains, 
including the Fitzroy, since field-based monitoring of connectivity for numerous individual wetlands 
is both difficult and time consuming.  A number of studies have used a combination of remotely 
sensed inundated area and concurrent river flow to predict how flooded area changes with river 
flow (e.g. Frazier and Page, 2006; Overton, 2005).  The same approach has also been used to 
quantify how the number of inundated wetlands changes with river flow (Shaikh et al., 2001).  
However, this approach is not dynamic and only gives information on potential wetland inundation 
when flow is not changing rapidly (due to the time difference between when the remote sensing 
images can be obtained and the peak of inundation) and it is not yet possible to define the 
duration of wetland connectivity, which can have an important influence on wetland ecology. 

In this study we have used a two-dimensional hydrodynamic model to simulate the time history of 
inundation across the Fitzroy River floodplain.  The algorithm developed by Karim et al. (2011) 
was used to combine the hydrodynamic model output with floodplain topography to quantify 
overbank flood pulse connectivity between wetlands and the main stream channel.   
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DATA COLLECTION AND ANALYSIS 

Stream flow data 

The gauging stations in the Fitzroy catchment that were used in this study include three in the 
upper catchment (e.g. Dimond Gorge, Mt. Krauss, Christmas Creek) and four gauges in the 
floodplain (e.g. Fitzroy Crossing, Noonkanbah, Fitzroy Barrage and Looma) as shown in Figure 
34.  Mean daily discharge and stage height data for the period of 1955 to 2010 were obtained 
from the Department of Water (WA).  Data were checked for quality and based on continuity and 
quality, data from 1980 to 2010 were used in our modelling.  Gauge flow data for the upper 
catchments were used to calibrate a rainfall-runoff model, and stage height records from 
floodplain gauges were used to calibrate the floodplain hydrodynamic model. 

 

 
Figure 34.  Fitzroy catchment and hydrodynamic model domain showing rivers and major 
creeks (blue) and stream gauges (red). The model has a water level boundary at Looma 

and a discharge boundary at Dimond Gorge, Mt. Krauss and Christmas Creek. 

 

The Fitzroy catchment has a semi-arid monsoonal climate with an average rainfall of 560 mm, 
most of which (500 mm) falls in the December to April wet season.  Stream flow analysis shows 
there are strong inter-annual and seasonal variability in stream flow (Figure 35).  The floodplain 
from Fitzroy Crossing to Looma is often extensively inundated by monsoon rain and there have 
been 27 floods (ranging from minor to large) in the last 30 years.  Figure 36 shows a summary of 
flood frequency based on 30 years [1980-2009] of gauge flow data at Fitzroy Crossing.  The 
annual recurrence interval (ARI) of selected flood events is shown on this figure.  To assess how 
connectivity changes with flood magnitude, we studied one large flood (e.g. 2002, ARI: 14 years) 
and one small flood (e.g. 2001, ARI: 1.5 year) (Figure 37).  We also examined a medium size 
flood (e.g. 2001, ARI: 3 years) that has a secondary peak to evaluate effects of this on wetland 
connectivity.   
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Topography  

We used a Shuttle Radar Topography Mission (SRTM) derived 30 m digital elevation model 
(DEM) to reproduce floodplain topography in the hydrodynamic (HD) model.  The DEM was 
hydrologically corrected by ensuring stream networks were continuous.  Laser altimetry (LiDAR) 
derived fine resolution (2 m grid) elevation data (± 0.3 m horizontal and ± 0.1 m vertical accuracy) 
were used at a number of locations to improve the resolution of key features within the 
topographic model.  Using this DEM, computational grids in the HD model domain were 
generated by re-sampling the DEM into 90 m grids to keep computational time within a 
reasonable limit.  

 

 

 

Figure 35.  Long term (1980-2009) mean of a) annual and b) monthly flow based on gauge 
data at Fitzroy Crossing (see Figure 34 for gauge location). 
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Figure 36.  Flood frequency based on gauge flow data at Fitzroy Crossing using peak over 
threshold (POT) method (Robson and Reed, 1999). [Data period: 1980-2009]. 

 

 

Figure 37.  Stream gauge records at Noonkanbah for the flood events in 2001, 2002 and 
2007. 

  



NAWFA: Climate change and development risks in northern Australian aquatic ecosystems 
 

 
Page 102:  Tropical Rivers and Coastal Knowledge Report 

Surface roughness 

We used Manningʼs roughness coefficient (n) to represent the hydraulic roughness of the land 
surface to the propagating flood wave.  At first, a land use map was developed based on 
Geoscience Australia dynamic land cover map, which is based on the MODIS 250 EVI time series 
data, with the same size grid as the HD model and then converted this to a roughness map by an 
appropriate substitution of land use code with roughness coefficient.  The land uses were 
classified as major streams (e.g. rivers and large creeks), small streams (e.g. creeks), 
swamp/wetlands, riparian vegetation, agriculture, bare soil and Savanna.  Riparian vegetation and 
Swamp/Wetland land use classes were identified based on Geo-Australia 1:250,000 topographic 
maps.  Stream networks were generated using the 30 m SRTM DEM.  The methodology of 
deriving the stream network is briefly described here.  The watercourse lines in the topographic 
mapping hydrography feature dataset were used to inform the DEM derived stream network so 
that flow accumulations were forced to follow the river channels as depicted in the topographic 
mapping.  Initial roughness coefficients were estimated based on published literature (Arcement 
and Schneider, 1989 ; Land and Water Australia, 2009) and then refined as a part of calibration 
process.  

 

Wetlands 

We have explored a number of data sources to identify floodplain wetlands in the Fitzroy 
catchment.  These include 1:250,000 topographic map, the directory of important wetlands of 
Australia (Environment Australia, 2001) and Geoscience Australiaʼs dynamic land cover map 
(Geoscience Australia, 2011).  Wetland area and location data from these three sources were 
combined and compared with Google Earth imagery.  Given the very large number of wetlands on 
the Fitzroy floodplain, we selected named wetlands with an area of 6 ha or more.  A brief 
summary of physical properties of individual wetland is given in Table 4.  

Selected wetlands include both perennial and non-perennial and are located across the floodplain 
ranging from less than a kilometre to 25 km from the Fitzroy River.  Some wetlands are located 
outside the boundary of overbank inundation.  These wetlands however could be connected to the 
river through floodplain creeks (tributaries of the Fitzroy River). 

 

HYDRO-DYNAMIC MODELLING 

Model configuration 

The hydrodynamic (HD) model was configured for the floodplain area, which provides a significant 
contribution to groundwater recharge to the Fitzroy River Valley (FRV) alluvial aquifer.  The 
upstream boundary of the HD model was set at Dimond Gorge, well above the floodplain 
boundary, to capture and define the upper catchment flows to the floodplain.  The downstream 
boundary was set at Looma, to avoid any tidal influence on flood discharge.  The model covers an 
area of 25,000 km2 (Figure 34) and consists of a water level boundary at Looma and three inflow 
boundaries at Dimond Gorge, Mt Krauss and Christmas Creek.  
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We used the MIKE 21 HD model (DHI, 2009) to simulate flood wave propagation and floodplain 
inundation.  The MIKE 21 model is a fully dynamic two-dimensional HD model based on the 
depth-averaged Saint-Venant equations describing the time evolution of water levels and two 
Cartesian velocity components.  Governing flow equations are solved by an implicit finite 
difference scheme with the variables defined on a space-staggered rectangular grid.  The model 
has been widely used all over the world, including Australia, to describe floodplain inundation and 
flood discharge estimation.  
 

Table 4.  Physical properties of wetlands in the Fitzroy floodplain studied for hydrological 
connectivity.   

 

 
*Small ID number denotes the wetland is located in the upstream river reaches  
†DIWA: Directory of Important Wetlands in Australia (2001)   
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Flow condition 

Water sources on the floodplain include locally generated runoff and stream flows from the upper 
catchment.  Runoff within the model domain was simulated using the Simhyd rainfall-runoff model 
(Chiew et al., 2002).  Because no small gauged catchments exist in the Fitzroy catchment, the 
Simhyd rainfall-runoff model was calibrated (by minimising the sum of least squares between 
observed and simulated daily runoff) to a small catchment neighbouring the Fitzroy catchment 
(809310) and was then tested on three stream flow gauging stations in the Fitzroy catchment; 
Dimond Gorge, Mt. Krauss and Christmas Creek.  Model predictions were found to be satisfactory 
in terms of flow magnitude and matching between the peak flows.  There were 169 sub-
catchments in the HD domain and runoff in each sub-catchment was simulated using the 
calibrated rainfall-runoff model.  Simulated runoff were added to the HD model as source points at 
the outlet of each sub-catchment, derived using 30 m grid SRTM data and these were typically 
located at the stream junctions/inflow to main rivers.  Water sources from the upper catchments 
were obtained from stream gauge records and added as inflow boundary conditions to the HD 
model at Dimond Gorge, Mt. Krauss and Christmas Creek. 

 

Flood simulation 

The HD model consists of approx. 3 millions grids (2308 × 1344) of which approximately 20% are 
dry cells (i.e. not subject to inundation and excluded from computation).  The computational time 
step (8 sec) was selected after satisfying numerical stability criteria for floods of different 
magnitudes.  Starting from the first day of flooding, simulation was continued for 40 days 
irrespective of flood receding time.  For each run, it takes about 7 days of computer time to 
simulate a flood event.  At the HD model boundaries, daily time step stage heights and 
discharges were specified.  The model uses an inbuilt interpolation technique to derive flow 
variables at each computational time step.  An initial water level map was generated by running 
the model on dry land for a constant inflow.  Initial discharges at all computational grids were 
specified as zero.  Model outputs include water surface elevation, depth, velocity and flow flux for 
each computational grids and the data can be saved at any desired time step as a multiple of 
computational time step (we used a 6 hour interval).  

 

Model calibration 

The availability of remotely sensed flood inundation data (e.g. area and depth of flooding) for the 
Fitzroy floodplain has made it possible to evaluate the HD model performance in predicting 
temporal and spatial inundation dynamics.  These remote sensing data along with stream gauge 
data were used to calibrate the hydrodynamic model.  The model was calibrated against the large 
flood event in 2002.  We used a number of MODIS images at different stages of flooding to 
compare spatial metrics of inundation area and depth across the floodplain. In addition, gauged 
water heights at key locations (e.g. Fitzroy Crossing, Noonkanbah, Fitzroy Barrage and Looma) 
were used to compare simulated stage heights and time of peak arrival at different locations.  
Model grids that represent streams were carefully checked and manually edited to ensure stream 
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channels were continuous.  Final calibration was made by changing the Manningʼs roughness 
coefficient.  Surface roughness coefficients were varied iteratively for the major land uses (e.g. 
Savanna, riparian vegetation) within the recommended range to attain a close agreement 
between observed and simulated water depths.  The calibration also optimized the match 
between observed and simulated time of peak arrival at different locations in the floodplain. 
 

CONNECTIVITY ANALYSIS  

In this study we considered connectivity of wetlands with the main Fitzroy River channel through 
floodplain flows (i.e. overbank flooding).  Connection and disconnection during overbank flooding 
were identified using a threshold water depth of 30 cm following that used in similar study by 
Karim et al. (2011).  Based on HD model outputs, we first identified time series information on wet 
or dry cells at each wetland and along the intervening floodplain pathways, from which the timing 
and duration of connection with surrounding water bodies and/or with the main stream were 
estimated.  A wetland was considered connected to other water bodies when it started receiving 
water from overbank flow and was considered disconnected when water receded below its bank 
level as shown in Figure 38.  In this figure, t1 represents the start and t2 the end of hydrologic 
connection, while the difference between t2 and t1 is the duration of connection.  Connection time 
and duration of connection are different for floods of different magnitudes.  In general, large flood 
events produce early and longer duration of connection.  The estimation of connection time of a 
particular wetland to the river system was based on time series water depths derived from the 
hydrodynamic model at six-hourly time steps.  To do this, an algorithm was developed to uniquely 
identify areas of contiguous water during each time step, by tagging all water bodies and river 
sections, which were contiguous in that time step.  The same procedures were repeated for all 
time steps and the results were accumulated to obtain the temporal sequence of connection and 
disconnection.  Further details of this analysis technique are available in Karim et al. (2011).  

 

 
Figure 38.  A schematic view of connectivity analysis based on water depths in wetland (t1 
represents time of receiving flood water and t2 represents ending of flow connection with 

surrounding water bodies) [reproduced from Karim et al. (2011)]. 
  

is available in Karim et al. (2011).  
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3.3 RESULTS AND DISCUSSION 

3.3.1 GROUNDWATER REGIMES 

REVIEW OF GROUNDWATER-SURFACE WATER INTERACTIONS IN NORTHERN 
AUSTRALIA 

Introduction 

The purpose of this review is to summarise the existing knowledge regarding groundwater-surface 
water (GW-SW) interactions in Northern Australia.  Specifically, the intention is to 

 

Review limited available data on groundwater levels and their relationship to surface 
expressions and integrate into a complimentary review of the broader-scale NASY study 
including surface-groundwater modelling in the Daly River, and ongoing work in the 
Fitzroy River. 

 

This review will rely heavily upon results of the Northern Australia Sustainable Yields (NASY) 
project (CSIRO, 2009a; 2009b; 2009c) to provide an overview of GW-SW interactions across 
northern Australia.  As part of the NASY project, quantitative groundwater models were developed 
for parts of the Daly (Knapton et al., 2010) and Van Diemen (EHA, 2007) reporting regions; the 
main findings of these assessments will be summarised.  Finally, the review will try to capture the 
results of recent field/modelling-based research into GW-SW interactions in the Daly River, NT 
(Smerdon et al., 2011) and Fitzroy River, WA (Gardner et al., 2011; Harrington et al., 2011).  All of 
the available information for northern Australia will be summarised according to the reporting 
regions used for the NASY project (Figure 3). 

 

Background 

Across northern Australia, typically more than 90% of annual rainfall and runoff occurs during the 
wet season between November and April (CSIRO, 2009a; 2009b; 2009c).  During this period 
groundwater recharge occurs via a combination of diffuse infiltration of rainfall, floodplain 
inundation and leakage – either laterally or vertically – from losing streams and rivers.  In the 
subsequent dry season, river flows recede rapidly and the majority of surface water features 
cease to flow, or even dry completely ,before the following wet season.  There are, however, 
several iconic perennial rivers in northern Australia that rely on significant groundwater input 
through the dry season – notable inclusions are the Daly River and Roper River (NT), and many 
of the rivers on Cape York Peninsula (QLD). A schematic representation of the main GW-SW 
interactions that occur during the wet and dry seasons is provided, by way of an example from the 
Fitzroy River, in Figure 39. 
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Figure 39.  Schematic representation of GW-SW interactions in the Fitzroy River, WA 

(CSIRO, 2009c). 
 

Fitzroy Region 

GW-SW interactions in the Fitzroy region have been observed in the Fitzroy, Meda, Lennard and 
Alexander rivers.  In a recent study, Harrington et al. (2011) characterised GW-SW interactions 
between the Fitzroy River and local aquifers through the use of hydrochemical and environmental 
isotope sampling and numerical modelling.  The study focused on a reach of the river between 
Jubilee Downs and Liveringa stations, and the authors identified two locations of active 
groundwater discharge along this reach: the first near the confluence of the Fitzroy River and the 
Cunningham Anabranch, and the second between a well-known waterfall and Yungngora 
Community on Noonkanbah Station.  Two conceptual models of GW-SW interactions were 
proposed to explain observed chemical/isotopic trends in the river (Figure 40).  At the first site, 
regional groundwater flow in a sandstone aquifer is thought to be driven upwards into the river as 
it meets a low permeability shale formation, while at the second location, a series of north-south 
trending faults are believed to provide preferential pathways for deep, very old regional 
groundwater to discharge to the river via shallow local aquifers.  Modelling of river chemistry 
profiles indicated that the total rate of groundwater discharge over the 100 kilometre study reach 
is ~102000 m3/day, including ~3700 m3/day from deep regional aquifers, with the remaining 
discharge sourced from shallow local aquifers.  
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Figure 40.  Helium-4 and radon-222 concentrations along a reach of the Fitzroy River 
(Harrington et al., 2011). Observations of high radon-222 activities are indicative of 

groundwater discharge into the river, while high helium-4 concentrations are indicative of 
very old groundwater in the river. 

Daly Region 

In the Daly region, groundwater discharge has been observed in reaches of the Daly, Douglas, 
Katherine and Flora rivers, mostly as diffuse discharge through the beds of the rivers.  At some 
locations groundwater discharges in the form of discrete springs associated with karst aquifers 
developed in the Tindall Limestone and Oolloo Dolostone (Figure 41).  

Knapton et al. (2010) developed an integrated GW-SW numerical model of the Tindall Limestone 
and Daly River in order to estimate potential impacts of climate change and groundwater 
development.  They demonstrated the high degree of interconnection between the Daly River and 
the adjacent aquifers, and found that the greatest impacts to groundwater resources – particularly 
from increased development – will occur in parts of aquifers that are distal to the rivers; that is, 
groundwater extraction will lead to large drawdown of water levels in the aquifers that cannot be 
mitigated through increased leakage from the rivers (Figure 42). 
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Figure 41.  Groundwater-surface water interactions in the Daly region (CSIRO, 2009c). 

 

 

 

Figure 42.  Projected groundwater levels under future climate scenarios for the Daly 
region (after CSIRO (2009c)). Aquifer drawdown by pumping is mitigated in bores situated 

close to rivers. 
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Knapton et al. (2010) also summarise the published knowledge of GW-SW interactions along the 
Daly River, including the following information.  Jolly et al. (2000) state that aquifers in the Daly 
Basin supply more than 10 m3/s of baseflow to the Daly River and Jolly (2001) have estimated the 
average late dry season groundwater discharge to the river to be between 10-20 m3/s.  According 
to Tickell (2002a), the groundwater contribution upstream of Stray Creek to the total river flow 
between Dorisvale and Mount Nancar is approximately 40%.  A study by Tickell et al. (2002b) 
estimated a discharge flux of ~34 m3/s from the Daly Basin aquifers, of which ~47% was derived 
from the Tindall Limestone and ~53% derived from the Oolloo Dolostone. Knapton et al. (2010) 
also cite other reports published by the Northern Territory Department of Natural Resources, 
Environment, The Arts and Sport (Tickell, 2005; Tickell, 2007; Tickell, 2008a; Tickell, 2008b; 
Tickell et al., 2002) as sources documenting GW-SW interactions in the Daly Basin.  

 

More recently, Smerdon et al. (2011) characterised GW-SW interactions between the Daly River 
and the Oolloo Dolostone aquifer through the use of hydrochemical and environmental isotope 
sampling and numerical modelling.  The authors estimated that the average diffuse groundwater 
discharge to the Daly River at the end of dry season periods is ~5 m3/d/m.  Over the extent of the 
studied area, older regional-scale groundwater was found to contribute ~40% of baseflow to the 
Daly River.  In the vicinity of large springs, the contribution of groundwater discharge to baseflow 
was estimated at ~90%, at a rate of ~200 m3/d/m. 

 

Van Diemen Region 

In the Van Diemen region, significant groundwater discharge occurs toward the end of the dry 
season in the Howard, Mary, and South Alligator rivers, and in the Berry, Bluewater, Taracumbi 
and Takamprimili creeks (Figure 43).  Discharge is believed to derive from karstic rocks (Berry 
Creek and Howard River) and from Cretaceous sediments (Mary, South Alligator and Howard 
rivers and Bluewater, Taracumbi and Takamprimili creeks).  In the Darwin rural area, groundwater 
discharge from the McMinn's-Howard East groundwater system occurs via springs and via diffuse 
discharge to local streams.  The latter occurs from both the shallow laterite aquifer and the deeper 
Koolpinyah Dolomite aquifer.  Major springs which represent ʻwindowsʼ into the dolomite aquifer 
include Howard Springs, and springs in Melacca Creek and the Adelaide River `Narrows' area.  
Some streams in the area, such as Holland's Creek, Baker's Creek and the upper reaches of the 
Howard River exhibit seasonal changes in water quality, with the quality of dry season baseflow 
representing a mixture of waters from the laterite and dolomite aquifers (CSIRO, 2009c; EHA, 
2007).  

EHA (2009) undertook a numerical groundwater modelling exercise as part of the NASY project to 
determine the impacts of future climate change on already-stressed groundwater resources in the 
Darwin Rural Area – McMinnʼs – Howard East Section.  They found that despite projected 
increases in diffuse recharge under a future climate, groundwater levels are likely to continue to 
decline under current levels of extraction.  Such trends will continue to threaten a number of 
groundwater dependent ecosystems in the area, including Lambellʼs Lagoon. 
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Figure 43.  Groundwater-surface water interactions in the Van Diemen region (CSIRO, 
2009c). 

 

Other NASY Project Regions 

Western Australia 

• In the Kimberley region, groundwater discharge is believed to sustain a number of 
swamps, creeks and rivers.  More specifically, certain reaches of the Drysdale, Isdell, 
King Edward and Mitchell rivers are all sustained through the dry season by groundwater 
baseflow (CSIRO, 2009c).  
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Northern Territory 

• In the Ord-Bonaparte region, baseflow surveys of the Fitzmaurice and Victoria rivers have 
indicated that both are sustained by groundwater, while groundwater discharge to the 
Wickham and Moyle rivers is also believed to occur (CSIRO, 2009c).  Springs in the 
Victoria River Basin have flows ranging from seeps to 170 m3/d.  Spring flows depend on 
short-term rainfall patterns and are known to gradually decrease as the dry season 
progresses, often not being able to maintain permanent flows (Tickell and Rajaratnam, 
1998).  

• In the Arafura region, significant groundwater discharge occurs toward the end of the dry 
season period in the Goyder, Blyth, Habgood, Cato and Latram rivers and in the Yirrkala 
and Jungle creeks (CSIRO, 2009c).  

• In the Roper region, groundwater discharge from karst aquifers provides significant 
baseflow to the Roper, Mainoru, Wilton, Koolatong, Walker and Rosie rivers and Flying 
Fox Creek. Groundwater discharge from Cretaceous sediments provides significant 
baseflow to the Durabudboi River and Wonga Creek on the mainland and to the 
Angurugu, Emerald and Amagula rivers on Groote Eylandt (CSIRO, 2009a).  

Queensland 

• In the Flinders-Leichhardt region, groundwater discharge from local alluvial aquifers 
maintains baseflow in the Flinders and Leichhardt rivers until groundwater levels fall 
below those of the river bed (CSIRO, 2009a).  Permanent or near-permanent waterholes 
along most of the larger watercourses are believed to be derived from surface flows from 
the previous wet season, rather than as the result of groundwater contribution (Petheram 
and Bristow, 2008).  Groundwater discharge is also believed to occur in tributaries of the 
Flinders River, such the Woolgar River, Hampstead Creek and Porcupine creek (AGE, 
2005).  

• In the Northern Coral region, groundwater is critical for maintaining river flow into the dry 
season in many catchments (CSIRO, 2009b).  Rivers identified as potentially receiving 
groundwater discharge from the Gilbert River Formation and Dalrymple sandstone 
aquifers include the Normanby, Laura, Little Laura, Hann, Olive, Pascoe, Kennedy and 
Marrett rivers (DNRM, 2005).  Of these rivers, however, only the Hann River maintains 
flow through the entire dry season.  In the Bathurst Heads - Cape Melville National Park 
area, spring discharges also support wetlands and swamps (CSIRO, 2009b). 

• In the Mitchell region, the Mitchell River (Qld.) is partly sustained by year-round 
groundwater discharge from both local and regional aquifers (CSIRO, 2009a).  Significant 
(i.e. ~50 million m3/year) groundwater discharge from the Gilbert River Formation occurs 
to the Mitchell River, with highest contributions to baseflow occurring around November 
(Cox and Barron, 1998).  Permanent waterholes maintained by groundwater discharge 
are common in the Palmer and Walsh rivers and major creeks (CSIRO, 2009a).  
Numerous permanent and semi-permanent springs rise from the base of the Gilbert River 
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Formation (Bultitude et al., 1996).  There is no reported evidence of groundwater 
discharge to major watercourses in the east of the region (DNRW, 2006). 

• In the South-West Gulf region, groundwater discharge from an aquifer developed in 
karstic rocks provides significant baseflow to a number of rivers and streams.  The 
Robinson and Calvert rivers source their dry season flow from Proterozoic carbonates, 
while the Gregory River and Lawn Hill Creek source their dry season flow from the 
Camooweal Dolostone and Thorntonia Limestone.  Small springs occur in some parts of 
the region after average-to-above average rainfall years, though most cease to flow by 
early in the dry season.  These springs often drain a very small area (less than 10 km2) 
and some feature low (i.e. < 10 L/second) flows throughout the year (CSIRO, 2009a). 

• In the South-East Gulf region, groundwater discharge from the Gilbert River Formation 
provides significant baseflow to a number of streams, including the Gilbert, Norman, 
Yappar and Clara rivers (CSIRO, 2009a).  Spring discharge occurs in outcrop areas of 
the Gilbert River Formation and Eulo Queen Group and supports significant surface water 
features such as Cobbold and Porcupine Gorge National Parks (DNRM, 2005).  
Throughflow from these aquifers to the west and south-west supports mound springs and 
associated environments of the Flinders Spring Group (CSIRO, 2009a). 

• In the Western Cape region, a number of rivers receive groundwater discharge from the 
Gilbert River Formation aquifer (and its equivalents) including the Jardine, Wenlock, 
Archer, Coen, Holroyd and Delhunty rivers (CSIRO, 2009a; DNRM, 2005).  

Potential Impacts of Climate Change 

Using the NASY climate scenarios as a guide (Li et al., 2009), future rainfall in northern Australia 
is expected to be similar to that experienced during the period 1930-2007.  Rainfall is predicted to 
remain within ± 5% of 1990 levels, with future potential evapotranspiration being 1-4% higher 
throughout the year (CSIRO, 2009a; 2009b; 2009c).  Potential changes in diffuse groundwater 
recharge (relative to modelled historical recharge) were estimated for each NASY region; these 
results are summarised in Table 5 below.  By averaging these results, the predicted annual 
diffuse recharge across all of northern Australia is seen to vary from + 39% to - 5% of historical 
(i.e. 1930-2007) recharge. 
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Table 5.  Predicted changes in mean annual diffuse groundwater recharge (from historical 
recharge) as  modelled for the NASY project (CSIRO, 2009a; 2009b; 2009c).  

NASY Region % change under the wettest 
modelled scenario (Cwet) 

% change under the driest   
modelled scenario 
(Cdry) 

Arafura + 34 - 9 
Daly + 38 - 2 
Fitzroy + 26 - 13 
Flinders-
Leichhardt + 32 - 12 
Kimberley + 21 - 9 
Mitchell + 54 - 8 
Northern Coral + 37 + 2 
Ord-Bonaparte + 39 - 3 
Roper + 48 - 2 
South East Gulf + 49 - 2 
South West Gulf + 39 - 1 
Van Diemen + 37 - 7 
Western Cape + 49 + 1 
Average % 
change + 39 - 5 

 

In terms of surface water features that are dependent (to some extent) upon groundwater 
discharge, the impacts of climate change will be more immediate to those which are fed by 
shallow, local unconfined aquifers.  These aquifers are inherently more dynamic and respond 
quickly to changes in rainfall regimes.  This category is pertinent for GW-SW interactions in, for 
example, the Flinders-Leichhardt, Mitchell and Kimberley regions.  Conversely, the impacts of 
climate change will be delayed for surface water features that are fed by deep, regional aquifers.  
This category is pertinent for GW-SW interactions in, for example, the Daly and Fitzroy regions.  

 

Knowledge Gaps 

Despite a broad general knowledge of the locations of significant groundwater discharge to rivers 
and streams in northern Australia, there are several fundamental knowledge gaps around the 
nature of interactions in complex geological environments, and how these systems will respond to 
potential future climate change and increased water resource development.  Specific examples 
that warrant focussed research include: 

 

• mound Spring ecosystems on Dampier Peninsula; 

• ʻrejected rechargeʼ and artesian springs from the Great Artesian Basin that sustain dry 
season flows in rivers on Cape York Peninsula; and 

• spring-fed rivers in carbonate aquifers of the South East Gulf region. 
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3.3.2 GROUNDWATER CHARACTERISATION ACROSS NORTHERN AUSTRALIA 
The hydrogeology across northern Australia is extremely variable, reflecting complex interactions 
between climate, soil type, vegetation cover and underlying geology.  Most of the region can be 
broadly categorised into one of four main aquifer types; these are fractured hard rocks of either 
igneous or metamorphic origin, sedimentary carbonates, consolidated sandstones and shallow 
alluvial aquifers.  Fractured hard rocks, such as those which dominate the Kimberley Plateau of 
Western Australia and the higher elevations of the Great Dividing Range in Queensland, are 
generally considered to be poor aquifers, with local recharge and flow systems that fill and spill 
each wet season (Figure 44).  The main sedimentary carbonate aquifers are associated with the 
Daly, Wiso and Georgina Basins in the Northern Territory and western Queensland.  These large, 
regional aquifers have high recharge rates and contain groundwater of very long residence time.  
Sedimentary rock aquifers include both near-surface sandstone aquifers (e.g., Cretaceous 
sandstones in the Northern Territory) and deeper, confined aquifers such as the Gilbert River 
Formation of the Great Artesian Basin.  Alluvial aquifers account for the most significant shallow 
groundwater resources across the north, with aquifers of varying widths and horizontal extents 
bordering every major surface water drainage feature. 

 

 
Figure 44.  Map showing generalised hydrogeology of northern Australia in terms of 

groundwater prospectivity (NALWTF, 2009). 

 

Groundwater quality is as variable as the aquifer type across northern Australia, although most 
groundwater is very fresh (< 1,000 mg/L total dissolved solids) and generally exhibits no evidence 
of anthropogenic contamination.  Some exceptions occur locally where commercial, industrial or 
agricultural activities have lead to point source pollution.  

Groundwater recharge to surficial aquifers can either occur by diffuse rainfall recharge, river 
leakage or localised infiltration beneath floodplains following overbank flows.  Preferential 
recharge via runaway holes in karst terrain has also been observed for the carbonate aquifers in 
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the Daly region.  Regardless of the mechanism, very few studies have been conducted in 
northern Australia to quantify recharge, and those that have generally relate to a very small area.  
Preliminary estimates of diffuse recharge rates were recently determined as part of the CSIRO 
Northern Australia Sustainable Yields project; using a combination of climate, soil and vegetation 
spatial GIS layers and a one-dimensional Soil-Vegetation-Atmospheric-Transfer model (WAVES), 
recharge was estimated to range between < 1 mm/yr and > 200 mm/yr (Crosbie et al., 2009).  
Lowest recharge was determined for the most arid regions with vertisol soils and annual grasses 
(e.g., much of the Flinders-Leichhardt region), whereas highest recharge was generally 
associated with wet tropic climates and more permeable soil types.  

Groundwater discharge occurs primarily via evapotranspiration from shallow water tables, and to 
a lesser extent via discharge to rivers and streams, and to the marine environment.  Again, very 
little is known about groundwater discharge mechanisms in northern Australia, particularly 
groundwater interactions with surface water and the associated ecosystem dependence upon 
groundwater. 

 

GROUNDWATER DISCHARGE ON THE DAMPIER PENINSULA OF WESTERN AUSTRALIA 

Introduction 

The Dampier Peninsula is located in northern Western Australia, north of the town of Broome.  It 
covers a total area of approximately 157000 square kilometres and measures approximately 175 
kilometres from north to south and 150 kilometres from east to west (Figure 45).  The water 
resources of the Dampier Peninsula are under increasing demand due to various proposals to 
develop areas for tourism, horticulture, forestry and infrastructure projects (DoW, 2009).  The aim 
of this document is to summarise the currently available literature relevant to the potential study of 
groundwater discharge features on the Dampier Peninsula. Additional background information 
can be found in Section 2.3.1. 

Climate and Topography   

For the purposes of the recent Northern Australia Sustainable Yields project, the Dampier 
Peninsula was included in the Fitzroy region, which features a mean annual rainfall of 560 mm, 
most of which (approximately 500 mm) falls between November and April.  This region also 
features a strong north-south rainfall gradient (decreasing from 960 to 380 mm/yr) and a mean 
annual potential evapotranspiration of 1980 mm (CSIRO, 2009c).  Topographic relief across the 
Dampier Peninsula varies from 0 to 245 mAHD; higher elevations are located roughly in the 
centre of the Peninsula.  The relatively flat slopes grading away from the centre of the Peninsula 
are incised by surface drainage lines that are ephemeral in nature (DoSD, 2010). 
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Figure 45.  Schematic map of Dampier Peninsula region showing the main surface water 

features and coastal springs (reproduced from Rockwater Proprietary Limited, 2004). 

 

Land use   

The dominant land uses on the Dampier Peninsula are livestock grazing, indigenous use and 
conservation (CSIRO, 2009c).  Land use on the southern half of the peninsula is predominantly 
grazing, including six pastoral stations (Country Downs, Kilto, Mount Jowlaenga, Roebuck Plains, 
Water Bank, and Yeeda).  Land use on the northern end of the peninsula is predominantly by 
over 70 indigenous communities, the four largest being Ardyaloon (One Arm Point), Lombadina, 
Djarandjin, and Beagle Bay.  Recent horticultural developments on the Dampier Peninsula have 
included trial plantations of native species as well as agroforestry trials of sandalwood species 
(DoW, 2009). 

 

Vegetation 

The dominant vegetation type on Dampier Peninsula is Eucalyptus woodland (CSIRO, 2009c).  
Other vegetation types present include mangroves, coastal dune communities, rainforest 
assemblages, samphire, ephemeral grasslands and herblands, tussock grasslands and 
sedgelands, and various other woodland communities (DoW, 2009; Graham, 2001).  Of particular 
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interest to studies of groundwater discharge on the Dampier Peninsula are coastal dune 
communities and perennial wetlands.  The coastal dunes of the Dampier Peninsula support a 
significant number of dispersed communities of monsoonal vine thickets, comprising a total area 
of approximately 1000 ha. These vine thickets occur on the leeward slopes of coastal dunes and 
are listed as threatened ecological species (DoW, 2009; Graham, 2001).  Spatio-temporal data 
obtained from the Department of Water (WA) have recently been examined in order to identify 
vegetation features that are persistent throughout the year. 

 

Surface water 

Drainage patterns of the Dampier Peninsula are dominated by small peripheral drainage lines, 
some of which support tidal mudflat and mangrove communities, particularly within the northern 
Dampier Peninsula.  As a result of the prevailing meteorological conditions, most of the Dampier 
Peninsula is arid and the rivers are ephemeral, flowing only following infrequent heavy rainfall 
events.  Due to the extensive Pindan sandplain soils, few drainage features, low elevation, and 
heavy seasonal (summer) rainfall patterns, surface water flows on the Dampier Peninsula are 
largely dominated by sheet flooding (DoSD, 2010).  Surface water runoff is only generated after 
heavy summer rainfall and is quickly discharged.  In the east and the northwest, streams are 
incised, and in the Coulomb Point-Cape Baskerville and Fraser River areas, a more rugged 
topography has developed with the streams cutting into and exposing the underlying sandstone.  
Some of the streams in the Point Coulomb Nature Reserve are intermittent, and fed for part of the 
dry winter season by spring flow from a perched aquifer; a few permanent streams are maintained 
from the same aquifer (Laws, 1991). 

 

Geology   

The Dampier Peninsula is located within the larger Canning Basin and the geology of the area is 
predominantly of sedimentary origin (DoW, 2009). Surface geology on the peninsula is mainly 
regolith with some sandstone on the east coast (CSIRO, 2009c).  The rocks and sediments 
interpreted to underlie the Dampier Peninsula comprise Precambrian age rocks overlying 
metamorphosed sediments and crystalline intrusive rocks.  These are overlain by a sequence of 
Ordovician to Cretaceous Age lithifide sediments, which are themselves overlain by Tertiary to 
Quaternary Age chemical precipitates and unconsolidated and partially consolidated sediments 
(DoSD, 2010).  

 

Hydrogeology   

Groundwater on the Dampier Peninsula occurs in a range of aquifers and aquitards.  The most 
utilised aquifer is the Broome Sandstone which is separated from the underlying aquifers by an 
aquitard, the Jarlemai Siltstone, which itself is underlain by the confined Wallal Sandstone aquifer.  
Overlying the Broome sandstone are Quaternary eolian sand aquifers, which are believed to 
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contain significant perched groundwater.  The coastal dunes immediately north of Broome are 
believed to be in hydraulic continuity with the Broome Sandstone, and therefore provide an 
important source of recharge to the underlying Broome Sandstone (Laws, 1991). 

 

Eolian Sand Aquifer   

Eolian sands of Quaternary age extend over an area of about 500 km2 in the north of the Dampier 
Peninsula and form a major perched aquifer, which overlies the Broome Sandstone.  The 
thickness of these sands is unknown but may be up to 10 m.  Recharge to the sands is by direct 
percolation of rainfall.  The rate of recharge has been estimated from chloride ratios to be 
approximately 6.5% of rainfall.  Groundwater salinities in the eolian sand aquifer are very low, 
ranging from 70 to 120 mg/L TDS.  The groundwater is believed to be of sodium-chloride type, 
containing significant (approximately 30 mg/L) quantities of silica, which is possibly present as 
aluminium silicate (Laws, 1991). 

 

Broome Sandstone Aquifer 

The Broome Sandstone aquifer is a multi-layered, unconfined aquifer system typically comprised 
of unconsolidated coarse-grained sandstone and conglomerates with intervening minor lenses of 
siltstone and claystone and thin coal seams.  The relatively coarser grained materials produce 
higher yields and better quality water than the lower permeability siltstone, claystone and coal 
seams.  Despite the aquifer being comprised of several water-bearing zones, there is little vertical 
difference in groundwater elevations between these water-bearing zones (Laws, 1991).  
Groundwater levels in the Broome Sandstone are approximately 2 m AHD near the coast, 
reflecting an unconfined aquifer with groundwater flow to the sea (Rockwater, 2004).  From limited 
available data, groundwater levels inland are believed to form a mound in the centre of the 
Dampier Peninsula up to an elevation of approximately 60 m AHD (DoSD, 2010).  Regional 
groundwater flow in the Broome Sandstone aquifer is influenced by topography and the location 
of groundwater recharge and discharge areas.  Horizontal hydraulic head gradients are reported 
to be relatively flat, at around 4x10-4 near the coast (Laws, 1991). 

Groundwater recharge to the Broome Sandstone aquifer is by direct rainfall where the Broome 
Sandstone outcrops, by leakage from overlying Pindan soils (present over much of the peninsula) 
and coastal dune sands, and by infiltration of surface water from wetlands and drainage systems.  
Groundwater recharge is believed to vary throughout the Peninsula according to rainfall intensity, 
depth to water table, location of drainage systems and the permeability of the Broome Sandstone 
materials (DoSD, 2010).  Recharge to the Broome Sandstone aquifer was estimated from chloride 
ratios and from interpretation of aquifer flow nets to be approximately 4 to 5% of rainfall (Laws, 
1991).  Groundwater discharge on the Peninsula typically occurs into the ocean over a saline 
interface at the coast.  Some discharge via seepage faces along the coast and evapotranspiration 
is also believed to occur (DoSD, 2010).  Groundwater storage in the Broome Sandstone has been 
estimated at approximately 84 x 109 m3 (Laws, 1991). 

Groundwater salinities in the Broome Sandstone aquifer are in the range of 250 to 500 mg/L TDS 
(DoSD, 2010).  The groundwater is essentially a sodium chloride type, with occasional high levels 
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of bicarbonate.  Observed concentrations of magnesium and sulphate are believed to be related 
to saline water, either from the coastal saltwater wedge or from entrapped seawater around the 
formerly more extensive tidal inlets.  Silica levels are very high, ranging from 18 to 119 mg/L.  In 
station and private bores, nitrate levels are frequently in excess of 40 mg/L, probably due to 
nitrate fixation by native plant species (Laws, 1991). 

 

Wallal Aquifer  

The Wallal aquifer is interpreted to lie between the elevations of -400 to -600 m AHD (Rockwater, 
2004).  It is confined or semi-confined by the Jarlemai Siltstone which forms an aquitard and 
separates it from the overlying Broome Sandstone aquifer (Laws, 1991).  The Wallal aquifer 
includes the sedimentary sequences of the Alexander Formation (a fine-grained, weakly 
cemented sandstone) and the Wallal Sandstone (a fine to coarse-grained, poorly consolidated 
sandstone).  Intervening lenses of siltstone are present in the Alexander Formation and Wallal 
Sandstone.  Artesian pressures have been observed in bores at Broome and Cable Beach, 
suggesting the aquifer may be artesian along the west coast of the Peninsula (Laws, 1991).  
Recharge is believed to occur via direct rainfall where the Alexander Formation and Wallal 
Sandstone outcrop and from leakage from overlying aquifers such as the Broome Sandstone 
(DoSD, 2010).  To date, a lack of data has prevented a quantitative assessment of recharge 
rates, but a recharge rate of about 3% of rainfall has previously been suggested (Laws, 1991).  
Regional groundwater flows in a westerly direction, likely discharging off the coast (DoSD, 2010).  
Groundwater salinity is believed (based on limited information) to range from around 1500 to 5500 
mg/L TDS (which is typically higher than the Broome Sandstone aquifer) and is of sodium-chloride 
type.  Noticeable concentrations of sulphate, calcium and magnesium have also been observed 
(Laws, 1991). 

 

Groundwater Use 

The Dampier Peninsula is located within the Canning-Kimberley Groundwater Area. Groundwater 
abstraction is currently subject to licensing under the Rights in Water and Irrigation Act 1914 
(DoSD, 2010).  There are 10 groundwater licences (predominantly extracting from the Broome 
Sandstone aquifer) on the Dampier Peninsula outside the Broome groundwater area, with annual 
extraction totalling around 0.35 GL.  The groundwater is used for a variety of purposes including 
agroforestry, community water supply, petroleum exploration and road infrastructure maintenance 
(DoSD, 2010). 

 

Mound Springs 

Mound springs and perennial wetlands are a feature of the Dampier Peninsula, supporting unique 
assemblages of floral and faunal species.  They possess cultural significance to indigenous 
communities and are recognised food gathering sites (DoW, 2009).  Several of these sites have 
been classified (by the Department of Environment and Conservation WA) as being ecosystems 
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at risk, including springs at Bunda-Bunda, Disaster Bay, and Lolly Well, as well as the Willie 
Creek wetlands (DoW, 2009).  Bunda-Bunda springs and Willie Creek wetlands have also been 
classified as being of national significance (DoW, 2009). From this literature review, it may be 
noted that there currently exists very little information with regards to the hydrology of the Dampier 
Peninsula mound springs, and of the hydrogeology and hydrogeochemistry of the Peninsula more 
generally. 

 

Possible Conceptualisations 

The mechanism by which groundwater is discharged at mound springs on the Dampier Peninsula 
is not currently well understood.  In the absence of detailed hydrochemical analyses, which would 
enable improved characterisation of the hydrology of the springs, two mechanisms have 
previously been proposed.  Firstly, it has been suggested that numerous springs originate from 
the perched Eolian sands aquifer (Laws, 1991).  Such discharges may occur where either (a) an 
abutment is present between the aquifer and a relatively low permeability formation (Figure 46), or 
(b) a break in slope occurs, such as seen on the leeward side of coastal dunes (Figure 47). It is 
therefore possible that some groundwater discharge features such as coastal vine thickets may 
be accessing perched phreatic groundwater.  

Alternatively, it has been observed that the confined Wallal aquifer features artesian pressures in 
locations in the west of the Dampier Peninsula (Laws, 1991).  Under natural conditions, artesian 
pressures require the presence of high-transmissivity geological features in order for groundwater 
flow to reach the surface (Figure 48).  Given the presence of numerous east-west faults on the 
Dampier Peninsula, it is therefore suggested that features such as mound springs may be 
dependent upon surface discharge of artesian flow from the Wallal aquifer. 

 

 

Figure 46.  Surface groundwater discharge from a perched unconfined aquifer due to 
break in topographic slope. 
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Figure 47.  Surface groundwater discharge from a perched unconfined aquifer due to 
aquifer abutment. 

 

 

Figure 48.  Surface groundwater discharge from a confined artesian aquifer due to high 
transmissivity faults. 

 

Proposed Hydrogeological Investigations   

Firstly, it is suggested that all available information relating to production and observation bores 
on the Dampier Peninsula be collated.  From these data, the spatial distribution of potentiometric 
water levels may be mapped for all relevant hydrogeological units.  These results may then be 
used to infer the directions and magnitudes of groundwater flow gradients.  The Department of 
Water (WA) is currently undertaking a review of all relevant hydraulic and geological information. 

Secondly, in order to better characterise the groundwater discharge features of the Dampier 
Peninsula, it is suggested that the following data collection be undertaken.  Water sampling would 
enable the hydrochemical composition of various discharge features to be determined.  These 
analyses could then be compared to the known compositions of the eolian sands, Broome 
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sandstone and Wallal aquifers, in order to confirm or exclude potential water sources for 
groundwater discharge features.  Groundwater age tracers could also be sampled in order to 
estimate the ages of the water discharged.  For samples in which hydrochemistry alone is 
insufficient to characterise groundwater origin, age tracers may serve to distinguish between 
aquifers of similar chemistry; for example, between the eolian sand and Broome sandstone 
aquifers. 

 

3.3.3 SURFACE WATER REGIMES 

QUEENSLAND 

In four of the catchments in Queensland (Mitchell, Leichhardt, Flinders and Gilbert), river flow was 
modelled using the IQQM program, set up by the Department of Environment and Resource 
Management to support the Queensland Water Resource Planning Process (Petheram et al., 
2009a).  As part of the NASY project, runoff in the above catchments was derived for the 77 year 
period from 1830 to 2007 (Petheram et al., 2009b) and the results used as input to a river model 
which includes water storages and abstractions (Petheram et al., 2009a).  The water sharing rules 
used in this model were taken from the draft Gulf Resource Operations Plan (DNRW, 2008) and 
the level of development included in some of the model runs is based on the full use of existing 
entitlements.  To describe the current surface hydrological conditions in these catchments we 
report on three scenarios: 

 

• Scenario AN – historical climate without any of the existing development entitlements. 

• Scenario C –future climate and no development of water resources. 

• Scenario D – future climate and full development of water entitlements. 

 

The current level of water use in these catchments is unknown, but must be somewhere between 
no use of water entitlements and full use of water entitlements. 

 

Historical climate 

The Flinders-Leichardt region receives an annual average rainfall of 493 mm, most of which 
(96%) falls in the November to April wet season.  Across the region there is a strong north–south 
gradient in annual rainfall, ranging from 812 mm in the north to 331 mm in the south.  Potential 
evapotranspiration (PET) is very high across the region, averaging 1939 mm/year, with highest 
rates occurring in the wet season.  PET generally remains higher than rainfall throughout the year 
resulting in year-round water-limited conditions. 

The Gilbert and Mitchell region receives an average of 965 mm of rainfall per annum, most of 
which (95%) falls in the wet season.  Across the region there is a strong north-west to south-east 
gradient in annual rainfall, ranging from 1615 mm in the north-west to 714 mm in the south-east.  
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PET is very high across the region, averaging 1905 mm/year and varies moderately across the 
seasons.  PET is higher than rainfall for most of the year resulting in water-limited conditions, with 
the exception of the period January to March, when more rain falls than can potentially be 
evaporated. 

 

Leichardt River 

The Leichhardt catchment (Figure 49) extends from the headwaters of the river basin that 
includes Rifle Creek south of Mount Isa, to the mouth of the Leichhardt River on the Gulf of 
Carpentaria north-east of Burketown.  The most downstream flow monitoring station is the 
Floraville gauge (913007).  The tributaries of the Leichhardt system include Alexandra River, 
Paroo Creek, Gunpowder Creek, Mistake Creek, Gorge Creek, Rifle Creek, Fiery Creek and 
Doughboy Creek.  This river system is represented in the IQQM model by 42 river sections and 
122 nodes (Petheram et al., 2009b).  Thirty-one of these nodes are water accounting nodes, 
which are used for simulating water-harvesting rules in the lower section of the basin.  There are 
also five large storages and four smaller in-stream storages in the model.  The maximum volume 
of water that can currently be extracted from this river under the draft Gulf Resource Operations 
Plan is given in Table 6.  Unsupplemented water is defined as surface water that is not sourced 
from a water storage that is able to regulate or control supply to users.  Agriculture, mining and 
town waters supplies have approximately equal water abstraction entitlements, around 31 to 33 
GL year-1 each. 

The mean annual water balance of the Leichardt River system with historical climate and full 
entitlement use is shown as Scenario A* in Table 6.  Most of the flow in this catchment is 
ungauged (89%) with diversions (at maximum current entitlements) that would amount to 43% of 
losses between the catchment inflow and outflow.  Unattributed fluxes in Table 6 are the modelled 
river losses, estimated during calibration of the IQQM model such that flow is conserved between 
upstream and downstream gauging stations.  Further details of the IQQM model setup and 
application in this catchment are given by Petheram et al. (2009). 
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Figure 49.  Schematic diagram the Leichhardt river system model (pink lines) and the 

Flinders river system model (blue lines) including the location of gauging stations, main 
demand nodes and storages (reproduced from Petheram et al., (2009a)). 

 

Standard high and low flow metrics 

Analysis of high and low flow metrics was undertaken at four locations (913012A, 913004A, 
913007A and 913014A), which correspond to stream gauging sites within the Leichhardt River 
catchment, Figure 49.  In this section we report and interpret the results for one of these locations; 
results for the other three locations are given in the Appendix Section 8.1.1.  

The standard high and low flow metric analysis results for the Leichhardt River are shown in 
Table 7 for the most downstream gauge at Floraville Homestead (913007A).  Based on Scenario 
AN, most of the flow (96%) occurs during the wet season, with the river having a long average 
annual zero flow period of 153 days.  The greatest changes in annual and wet season flow (>28% 
increase) occur under Scenarios Cwet and Dwet. Changes to dry season flow are extreme under 
both Cwet (66% increase) and Cdry (39% reduction).  The combination of development and driest 
climate results in more than a 30% reduction in annual stream flow. 

The greatest impact on the low flow characteristics at this location come from the combination of 
development and dry climate (Ddry).  Under such conditions the number of days of zero flow 
increases by 34% (52 days/year).  Impacts on low flow are also high under the wet climate and 
development scenario (Dwet) with the number of days of zero flow increasing by 37 days/year, 
largely due to the development abstractions. 

Changes to the flow regime at high flows are more modest with only Scenario Ddry resulting in 
the number of days above the high flow threshold and the number of high flow events reducing by 
more than 25%.  The wet season rate of rise increased by 27% under Scenario Cwet and 



NAWFA: Climate change and development risks in northern Australian aquatic ecosystems 
 

 
Page 126:  Tropical Rivers and Coastal Knowledge Report 

decreased by 33% under Scenario Ddry.  The wet season rate of fall was reduced by 30% by the 
combination of dry climate and development (Ddry). 

 
 

Table 6.  The river system model mean annual water balance under Scenario A* for the 
Leichardt, Flinders, Gilbert and Mitchell Rivers (reproduced from Petheram et al., (2009a)).   

 
 
  

  Leichardt Flinders Gilbert Mitchell 
  GL year-1 
Inflows      
Subcatchments     

Gauged 233 536 775 2879 
Ungauged 1808 2404 5094 10676 

Sub-total 2041 2940 5868 13555 
Diversions      
Agriculture     

General Security 7.8 13.1 3.0 - 
Unsupplemented 23.6 86.7 18.7 29.8 

Mining     
High Security 29.4 - 6.6 - 
Unsupplemented 3.8 - 0.4 10.1 

Town Water Supply     
High Security 32.3 3.3 - - 

    Unsupplemented - 0.0 0.0 0.2 
Other Uses     

High Security 13.9 2.5 0.2 20.0 
    Unsupplemented - 1.4 - 14.9 
Sub-total 111.0 107 29.0 75.0 
Outflows      
End-of-system flow 1785 1982 5304 12023 

Sub-total 1785 1982 5304 12023 
Net evaporation     

Major storages 71.6 10 5 26.9 
Other Storages 1.2 - - 1.8 
Sub-total 72.8 10 5 28.7 

Unattributed fluxes  72 841 530 1428 
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Table 7.  Standard metrics for changes to flow regime on the Leichhardt River at Floraville 
Homestead under Scenarios C and D relative to Scenario AN. Red text indicates changes 

of more than 25% relative to Scenario AN. 

Leichhardt - Leichhardt River at Floraville Homestead, Gauge No. 913007A 
Standard metrics Units AN Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 1368 +30% +19% -23% +18% +8% -33% 
Wet season flow 
(mean)* GL 1315 +28% +19% -22% +18% +9% -32% 
Dry season flow 
(mean)** GL 63.9 +66% +23% -39% +38% -3% -55% 

Low flow metrics 
Low flow threshold 
(discharge exceeded 
90% of the time in 
Scenario A) 

GL/d 0       

Number of days below 
low flow threshold 
(mean) 

d/y 153 -8.8 -0.5 +24.6 +37.1 +41.8 +52.2 

Duration of flow events 
below low flow 
threshold (mean) 

d/y 23.7 +0.3 -0.8 +1.1 +0.2 +0.5 0 

Number of events below 
low flow threshold 
(mean) 

events/y 6.48 -0.4 +0.2 +0.7 +1.5 +1.6 +2.2 

Number of days of zero 
flow (mean) d/y 153 -8.8 -0.5 +24.6 +37.1 +41.8 +52.2 

High flow metrics 
High flow threshold 
(discharge exceeded 
5% of the time in 
Scenario A) 

GL/d 11.9       

Number of days above 
high flow threshold 
(mean) 

d/y 18.3 +2.6 +1.7 -2.9 +0.3 -0.4 -4.9 

Duration of flow events 
above high flow 
threshold (mean) 

d/y 5.39 +0.2 +0.1 +0.1 +0.3 0 +0.5 

Number of events 
above high flow 
threshold (mean) 

events/y 3.39 +0.4 +0.3 -0.6 -0.1 -0.1 -1.1 

Wet season rate of rise 
(mean) GL/d 3.35 +0.9 +0.7 -0.7 +0.5 +0.3 -1.1 
Wet season rate of fall 
(mean) GL/d 2.02 +0.5 +0.5 -0.5 +0.3 +0.3 -0.6 

*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

  

Flinders River 

The Flinders catchment (Figure 49) extends from the headwaters in the east upstream of 
Hughenden on the Flinders River and in the west upstream of Cloncurry on Cloncurry River, to 
the mouth of the Flinders River on the Gulf of Carpentaria west of Karumba.  The Cloncurry River 
joins the Flinders River just upstream of the outlet to the ocean.  The Walkers Bend gauge 
(915003A) is the most downstream flow monitoring station in the system.  The tributaries of the 
Flinders system include Porcupine Creek, Betts Creek, Dutton River, Mountain Creek, Stawell 
River and Woolgar River, which contribute to the Flinders River flows and Malbon River, Williams 
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River, Gilliat River, Julia Creek, Corella River and Dugald River which contribute to the Cloncurry 
River flows. 

The Flinders River system is represented in the IQQM model by 55 river sections and 170 nodes.  
Twelve of these nodes are water demand nodes, which are used for simulating water-harvesting 
rules in the lower section of the basin.  There are two main storages represented in the model, 
Corella Dam and Chinaman Creek Dam, and ten smaller in-stream storages. 

The maximum volume of water that can currently be extracted from this river under the draft Gulf 
Resource Operations Plan is given in Table 6.  Agriculture has the largest water allocation in this 
catchment (98% of all entitlements), with town waters supplies and other uses having 3 to 4 GL 
year-1 each. 

The mean annual water balance of the Flinders River system with historical climate and full 
entitlement use is shown as Scenarios A* in Table 6.  Again most of the flow in this catchment is 
ungauged (82%) with diversions (at maximum current entitlements) that would amount to 11% of 
losses between the catchment inflow and outflow.  Unattributed fluxes or modelled river losses 
are much greater than the total planned diversions at 88% of all losses between the catchment 
inflow and outflow (Table 6).  Further details of the IQQM model setup and application in this 
catchment are given by Petheram et al. (2009a). 

 

Standard high and low flow metrics 

Analysis of high and low flow metrics was undertaken at four locations (915003A, 915004A, 
915008A and 915012A) which correspond to stream gauging sites within the Flinders River 
catchment, Figure 49. In this section we report and interpret the results for one of these locations; 
results for the other three locations are given in the Appendix Section 8.1.1. 

The standard high and low flow metric analysis results for the Flinders River are shown in Table 8 
for the most downstream gauge at Walkers Bend (915003A).  Based on Scenario AN, annual 
flows are dominated by the wet season contribution (97%).  This location also experiences a long 
average annual zero flow period of 245 days/year.  Annual, wet season and dry season flow 
increase greatly under Scenario Cwet although these increases are not quite as large with the 
addition of development entitlements (Dwet). The dry climate scenarios (Cdry and Ddry) result in 
large reductions (> 25%) in annual flow mainly as a result of reduced wet season flow. 

Changes to the low flow conditions at this location are relatively modest with the biggest change 
to the number of days of zero flow being less than 10% (Scenario Ddry).  The number of low flow 
events changed very little and there were only modest increases in the duration of low flow events 
(Table 8). 

Changes to the high flow regime were generally moderate with Scenario Ddry resulting in the 
largest reduction in the number of days above the high flow threshold (24%).  The greatest 
increase in the duration of events above the high flow threshold occurred under Scenario Cwet 
(16%) and the greatest decrease occurred under Scenario Ddry (8%). The wet season rate of rise 
changed only modestly across all scenarios. 
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Table 8.  Standard metrics for changes to flow regime on the Flinders River at Walkers 
Bend under Scenarios C and D relative to Scenario AN. Red text indicates changes of 

more than 25% relative to Scenario AN. 

Flinders - Flinders River at Walkers Bend, Gauge No. 915003A 
Standard metrics Units AN Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 

Annual flow (mean) GL 2023 +32% +2% -
25% +28% -2% -29% 

Wet season flow (mean)* GL 1968 +30% +2% -
25% +26% -2% -29% 

Dry season flow (mean)** GL 72.7 +83% -2% -
15% +75% -9% -21% 

Low flow metrics 
Low flow threshold (discharge exceeded 
90% of the time in Scenario A) GL/d 0       
Number of days below low flow threshold 
(mean) d/y 245 -5.7 +2.2 +9.1 +5.7 +13.7 +20.9 
Duration of flow events below low flow 
threshold (mean) d/y 67.0 -0.1 +2.3 +2 +1.5 +2.5 +6 
Number of events below low flow 
threshold (mean) events/y 3.66 -0.1 -0.1 0 0 +0.1 0 

Number of days of zero flow (mean) d/y 245 -5.7 +2.2 +9.1 +5.7 +13.7 +20.9 

High flow metrics 

High flow threshold (discharge exceeded 
5% of the time in Scenario A) 

GL/d 26.0       
Number of days above high flow 
threshold (mean) d/y 18.2 +3.3 +0.5 -3.4 +2.6 -0.4 -4.3 
Duration of flow events above high flow 
threshold (mean) d/y 8.46 +1.4 +0.2 -0.3 +1.2 -0.1 -0.7 
Number of events above high flow 
threshold (mean) events/y 2.16 0 0 -0.3 0 0 -0.4 

Wet season rate of rise (mean) GL/d 6.69 +1.5 +0.6 -1.5 +1.5 +0.9 -1.2 

Wet season rate of fall (mean) GL/d 4.06 +0.8 +0.6 -0.9 +1 +0.7 -0.8 

*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

Gilbert River 

The Gilbert River catchment (Figure 50), extends from the headwaters adjacent to the Burdekin 
catchment, to the mouth of the Gilbert River on the Gulf of Carpentaria.  The Miranda Downs 
gauge on the Gilbert River (917009A) is the most downstream flow monitoring station in the 
system.  However, this gauge was closed in 1989.  The most downstream flow monitoring station 
which is still open is the Rockfields gauge on the Gilbert River (917001D).  The Gilbert River is the 
principal stream, and major tributaries are: Copperfield River, Einasliegh River, Etheridge River, 
Robertson River, Percy River, Little River, McKinnons Creek, Elizabeth Creek and Agate Creek.  

The Gilbert river system is represented in the IQQM model by 43 river sections and 182 nodes.  
Eleven of these nodes are water demand nodes, which are used for simulating water-harvesting 
rules in the lower section of the basin.  There is one major storage, the Copperfield Dam, which 
was constructed on the Copperfield River during 1984 to provide an assured freshwater supply for 
the Kidston Gold Mine.  Although the mine is now closed, the storage capacity of the dam (21,000 
ML) is included in the river model. 
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Figure 50.  Schematic diagram the Gilbert river system model (blue lines) including the 

location of gauging stations, main demand nodes and storages (reproduced from 
Petheram et al.,(2009a)).   

 

The maximum volume of water that can currently be extracted from this river under the draft Gulf 
Resource Operations Plan is given in (Table 6).  Agriculture has the largest water allocation in this 
catchment (75% of all entitlements), with a mining entitlement of 7 GL year-1 and no significant 
town water supply. 

The mean annual water balance of the Gilbert River system with historical climate and full 
entitlement use is shown as Scenarios A* in Table 6.  Again most of the flow in this catchment is 
ungauged (87%) with diversions (at maximum current entitlements) that would amount to 5% of 
losses between the catchment inflow and outflow.  Unattributed fluxes or modelled river losses 
dominate (at 94%) the losses between the catchment inflow and outflow (Table 6).  Further details 
of the IQQM model setup and application in this catchment are given by Petheram et al. (2009a). 
 

Standard high and low flow metrics 

Analysis of high and low flow metrics was undertaken at four locations (917001D, 917009A, 
917102A and 917109A), which correspond to stream gauging sites within the Gilbert River 
catchment (Figure 50).  In this section we report and interpret the results for one of these 
locations; results for the other three locations are given in the Appendix Section 8.1.1. 

The standard high and low flow metric analysis results for the Gilbert River system are shown in 
Table 9 for the Gilbert River at Miranda Downs (917009A).  Based on Scenario AN, nearly all of 
the flow (99%) occurs during the wet season, with the river having a long average annual zero 
flow period of 123 days.  The greatest changes in dry season flow occur under Scenarios Cdry 
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and Ddry with reductions in flow of 31% and 33%, respectively.  Mean annual flows increase by 
23% under Scenario Cwet and decrease by 15% under Scenario Ddry. 

The impact of development and climate change on low flows metrics at this location is relatively 
modest.  The greatest increases in the number of zero flow days arise from Scenarios Cdry (11%) 
and Ddry (18%).  The duration and number of low flow events changes only slightly across 
scenarios.  

The number of days above the high flow threshold shows only limited variation across the 
different scenarios as does the duration and number of high flow events.  The greatest change in 
the high flow metrics relative to Scenario AN is an increase in the rate of rise by more than 50% 
and a decrease in the rate of fall of 30% under Scenario Cwet.  

 
Table 9.  Standard metrics for changes to flow regime on the Gilbert River at Miranda 

Downs under Scenarios C and D relative to Scenario AN. Red text indicates changes of 
more than 25% relative to Scenario AN. 

Gilbert - Gilbert River at Miranda Downs, Gauge No. 917009A 
Standard metrics Units AN Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 

Annual flow (mean) GL 3724 +23% +7% -15% +22% +7% -
15% 

Wet season flow (mean)* GL 3704 +23% +8% -14% +22% +7% -
15% 

Dry season flow (mean)** GL 47.1 +21% -1% -31% +18% -4% -
33% 

Low flow metrics 
Low flow threshold (discharge exceeded 
90% of the time in Scenario A) GL/d 0       
Number of days below low flow threshold 
(mean) d/y 123 -3.5 -0.6 +14.1 +6 +9.5 +22 
Duration of flow events below low flow 
threshold (mean) d/y 33.0 0 0 +1.7 +2.6 +1.3 +2.6 
Number of events below low flow 
threshold (mean) events/y 3.73 -0.1 0 +0.2 -0.1 +0.1 +0.4 

Number of days of zero flow (mean) d/y 123 -3.5 -0.6 +14.1 +6 +9.5 +22 

High flow metrics 
High flow threshold (discharge exceeded 
5% of the time in Scenario A) 

GL/d 39.5       
Number of days above high flow 
threshold (mean) d/y 18.3 +2.3 +0.7 -1.8 +2.2 +0.6 -2.1 
Duration of flow events above high flow 
threshold (mean) d/y 4.77 +0.3 0 -0.1 +0.2 0 -0.2 
Number of events above high flow 
threshold (mean) events/y 3.83 +0.2 +0.1 -0.3 +0.3 +0.1 -0.3 

Wet season rate of rise (mean) GL/d 21.6 +6.5 +1.6 -3.7 +6.7 +1.7 -3.6 

Wet season rate of fall (mean) GL/d 12.7 +3.8 +1 -1.7 +4.1 +1 -1.6 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 
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Mitchell River 

The IQQM model for this catchment (Figure 51) does not extend over the whole Mitchell River 
basin, but excludes the upper catchment areas of the Mitchell and Walsh rivers, which are 
included in the Barron Water Resources Plan area, and these catchments are modelled in the 
Barron River IQQM.  The upstream limits of the model are the Walsh River at the Flatrock stream 
flow recorder and the Mitchell River at AMTD 601.2 km.  The simulated outflows from the Barron 
River IQQM at these locations become the inflows to the Mitchell River IQQM.  Inflows include 
inter-valley transfer from the Barron River for irrigation diversions in the upper reaches of the 
Walsh and Mitchell rivers.  The net average annual diversion from the Barron system is 6.2 GL 
year-1 (diversions less transfers).  The downstream limit of the model is the mouth of the Mitchell 
River.  The stream gauging station at Koolatah (919009A) is the most downstream location at 
which flow records are available.  This station monitors flow from approximately two-thirds of the 
river basin.  The Mitchell River is the principal stream and major tributaries of the Mitchell River 
are the Palmer, Walsh, Lynd and Tate rivers.  

Grazing is the predominant land use over the basin.  Some irrigated agriculture is practised in the 
upper reaches of the Walsh and Mitchell rivers, where irrigation supplies are obtained from the 
Mareeba-Dimbulah Water Supply Scheme.  Within the area modelled the main consumptive water 
uses are small-scale irrigation and small mines.  

The Mitchell river system is represented in the IQQM model by 27 river sections and 124 nodes.  
Five of these nodes are water demand nodes, which are used for simulating water-harvesting 
rules in the lower section of the basin.  There is one major storage, Southedge Dam, and five 
smaller in-stream storages, are represented in the model.  

The maximum volume of water that can currently be extracted from this river under the draft Gulf 
Resource Operations Plan is given in Table 6.  Agriculture has the largest water allocation in this 
catchment (40% of all entitlements), with a mining entitlement of 10 GL year-1 and a further 35 GL 
year-1 for other uses. 

The mean annual water balance of the Mitchell River system with historical climate and full 
entitlement use is shown as Scenarios A* in Table 6.  Again most of the flow in this catchment is 
ungauged (79%) with diversions (at maximum current entitlements) that would amount to 5% of 
losses between the catchment inflow and outflow.  Unattributed fluxes or modelled river losses 
dominate (at 93%) the losses between the catchment inflow and outflow (Table 6).  Further details 
of the IQQM model setup and application in this catchment are given by Petheram et al. (2009a). 
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Figure 51.  Schematic diagram the Mitchell river system model (blue lines) including the 

location of gauging stations, main demand nodes and storages (reproduced from 
Petheram et al., (2009a)).   

 

Standard high and low flow metrics 

Analysis of high and low flow metrics was undertaken at four locations (919011A, 919014A, 
919009A and 919311A), which correspond to stream gauging sites within the Mitchell River 
catchment (Figure 51).  In this section we report and interpret the results for one of these 
locations; results for the other three locations are given in the Appendix Section 8.1.1. 

The standard high and low flow metric analysis results for the Mitchell River system are shown in 
Table 10 for the Mitchell River at Koolatah (919009A).  Under Scenario AN annual flow into this 
location is highly dominated by wet season flows (97%).  Annual and seasonal flows do not 
change much under Scenario Cmid (4 to 16%) compared to Scenario AN, but there are large 
increases under Scenario Cwet (33 to 41%).  Under Scenario Cdry there are large decreases in 
wet season flow (25%) and dry season flow (37%) compared to Scenario AN.  The introduction of 
the development scenarios had only a small additional impact on top of the climate scenarios. 

Under Scenario Cdry, there is almost twice the number of days with flow that is below the low flow 
threshold as defined by Scenario AN, and this increases by a further 10 days with the addition of 
development entitlements.  The number of days of zero flow more than doubles under Scenario 
Cdry and more than triples under Scenario Ddry.  The duration and number of events below the 
low flow threshold also increases for these scenarios.  

Compared to Scenario AN, there are large increases and decreases in the high flow threshold 
exceedance under scenarios Cwet and Cdry respectively, with little change under Scenario Cmid.  
The development scenarios add little impact to the flow regime relative to the climate scenarios.  
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The wet season rate of rise changed only modestly across all scenarios, with the exception of 
Cwet and Dwet, where the rate of rise increased by 42% and the rate of fall increased by 38%. 

 
Table 10.  Standard metrics for changes to flow regime on the Mitchell River at Koolatah 

under Scenarios C and D relative to Scenario AN. Red text indicates changes of more than 
25% relative to Scenario AN. 

Mitchell - Mitchell river at Koolatah, Gauge No. 919009A 
Standard metrics Units AN Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 6786 +41% -4% -25% +40% -6% -26% 

Wet season flow (mean)* GL 6602 +41% -5% -25% +40% -6% -26% 

Dry season flow (mean)** GL 164 +33% +16% -34% +29% +13% -37% 

Low flow metrics 
Low flow threshold (discharge exceeded 
90% of the time in Scenario A) GL/d 0.045       
Number of days below low flow threshold 
(mean) d/y 36.5 -10.2 +4.8 +35.5 -3.7 +13.5 +44.7 
Duration of flow events below low flow 
threshold (mean) d/y 18.6 -2.1 -0.8 +8.7 -1.8 +1 +10.5 
Number of events below low flow threshold 
(mean) events/y 1.96 -0.4 +0.4 +0.7 0 +0.6 +0.8 

Number of days of zero flow (mean) d/y 6.13 -2.4 +2.2 +14.5 -0.2 +6.2 +21.3 

High flow metrics 
High flow threshold (discharge exceeded 
5% of the time in Scenario A) 

GL/d 105       
Number of days above high flow threshold 
(mean) d/y 18.4 +7.4 -1 -4.8 +7.2 -1.3 -4.9 
Duration of flow events above high flow 
threshold (mean) d/y 7.75 +1.6 +0.1 -1 +1.6 -0.1 -1 
Number of events above high flow threshold 
(mean) events/y 2.38 +0.4 -0.1 -0.4 +0.4 -0.1 -0.4 

Wet season rate of rise (mean) GL/d 8.73 +3.7 -0.5 -1.8 +3.7 -0.5 -1.8 

Wet season rate of fall (mean) GL/d 5.96 +2.3 -0.3 -1.2 +2.3 -0.4 -1.1 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

WESTERN AUSTRALIA 

In three catchments in Western Australia (Fitzroy, King Edward and Charnley), river flow was 
modelled using an ensemble calibration of the rainfall-runoff models Sacramento and 
IhacresClassic (Petheram et al., 2009b).  As part of the NASY project, runoff in the above 
catchments was derived for the 77 year period from 1930 to 2008 (Petheram et al., 2009b).  In the 
Fitzroy catchment there was also additional groundwater recharge modelling carried out using the 
WAVES model (Zhang and Dawes, 1998).  Currently, there is comparatively little surface water 
abstraction in the above catchments so no future development scenarios were reported in the 
NASY project.  The only exception is in the Fitzroy catchment, where the combined volume of 
existing groundwater allocations from the fractured rock aquifers and the Canning Basin amount 
to about 20 GL/year.  To describe the current surface hydrological conditions in these catchments 
we report two of the scenarios analysed in the NASY project, Scenario A and Scenario C: 
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• Scenario A – historical climate (1930 to 2007) and current development. This scenario is 
used as a baseline for comparison with all other scenarios. 

• Scenario C – future climate (~2030) and current development.  

 

Historical climate 

The Fitzroy (WA) region receives an average of 577 mm of rainfall over a September to August 
water year, most of which (534 mm) falls in the November to April wet season.  Across the region 
there is a strong north–south gradient in annual rainfall, ranging from 963 mm in the north to 383 
mm in the south.  Over the first half of the historical (1930 to 2007) period, annual rainfall has 
been relatively constant at around 450 mm.  The second half of the period has seen an increase 
in mean rainfall to approximately 650 mm.  The highest yearly rainfall received was 1127 mm, 
which fell in 2000, and the lowest was 249 mm in 1953.  Historical PET is very high across the 
region, averaging 2023 mm over a water year, and varies moderately across the seasons.  PET 
generally remains higher than rainfall throughout the year resulting in year-round water-limited 
conditions. 

The Kimberley region, where the Charnley and King Edward Rivers are located, receives an 
average of 950 mm of rainfall over a September to August water year, most of which (898 mm) 
falls in the November to April wet season.  Across the region there is a strong north–south 
gradient in annual rainfall, ranging from 1223 mm in the north to 628 mm in the south.  Over the 
first half of the historical (1930 to 2007) period, rainfall has been relatively constant at around 750 
mm. The second half of the period has seen an increase in mean rainfall to approximately 1050 
mm.  The highest yearly rainfall received was 1679 mm which fell in 2000, and the lowest was 
477 mm in 1936 (CSIRO, 2009c). 

 

Charnley River 

The Charnley River, located in the Kimberley region of Western Australia (Figure 52), has its 
headwaters situated below Rocky Mountain in the Caroline Ranges and flows eastward across 
the Gardner Plateau and discharges into the Indian Ocean via Walcott Inlet.  There are seven 
tributaries of the Charnley river including; Pearson River, Maurice Creek, Synnot Creek, Kalumba 
Creek, Bayonet Creek, Maudie Creek and Kaangulman Creek.  The Calder River also flows into 
Walcott Inlet. 
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Figure 52.  Schematic diagram of the Kimberley region where the Charnley River and King 

Edward River are located (reproduced from CSIRO (2009c)).   

 

Standard high and low flow metrics 

Analysis of high and low flow metrics were undertaken at only one location (804002) in the 
Charnley River catchment (Figure 52).  The standard high and low flow metric analysis results for 
the Charnley River are shown in Table 11 for the Panta Downs gauge (804002).  Based on 
Scenario A, most of the flow (95%) occurs during the wet season, with the river rarely ceasing to 
flow.  The greatest changes in annual, wet and dry season flow occurs under Scenario Cdry with 
reductions of >35%.  There are no development scenarios reported for this location. 

The greatest impact on the low flow characteristics at this location occur under Scenario Cdry.  
Compared to Scenario A, the number of days below the low flow threshold more than doubles 
under Scenario Cdry, although there is little change to number of zero flow days.  

Changes to the flow regime at high flows are modest for Scenarios Cwet and Cmid, however, 
Scenario Cdry results in a 40% reduction in the number of days above the high flow threshold.  
The number and duration of high flow events and the rates of rise and fall during the wet season 
shows little variation for Scenario Cwet and Cmid relative to Scenario A, however modest 
variation (< 20%) for these same metrics was observed for Scenario Cdry.   
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Table 11.  Standard metrics for changes to flow regime on the Charnley River at Panta 
Downs under Scenarios C and D relative to Scenario A. Red text indicates changes of 

more than 25% relative to Scenario A. 

Charnley - Charnley River at Panta Downs, Gauge No. 804002 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 744 +5% -2% -35% nm nm nm 

Wet season flow (mean)* GL 704 +5% -3% -35% nm nm nm 

Dry season flow (mean)** GL 34.5 +9% +2% -37% nm nm nm 

Low flow metrics 
Low flow threshold (discharge 
exceeded 90% of the time in 
Scenario A) 

GL/d 0.033       
Number of days below low flow 
threshold (mean) d/y 36.5 -4.1 +2.5 +45.9 nm nm nm 
Duration of flow events below low 
flow threshold (mean) d/y 74.0 -6.6 -0.7 +9.5 nm nm nm 
Number of events below low flow 
threshold (mean) events/y 0.494 0 0 +0.5 nm nm nm 

Number of days of zero flow (mean) d/y 1.17 0 0 +0.2 nm nm nm 

High flow metrics 
High flow threshold (discharge 
exceeded 5% of the time in Scenario 
A) 

GL/d 10.6       
Number of days above high flow 
threshold (mean) d/y 18.3 +1.3 -0.8 -7.5 nm nm nm 
Duration of flow events above high 
flow threshold (mean) d/y 8.23 +0.1 -0.2 -2 nm nm nm 
Number of events above high flow 
threshold (mean) events/y 2.22 +0.1 0 -0.5 nm nm nm 

Wet season rate of rise (mean) GL/d 1.94 +0.1 0 -0.4 nm nm nm 

Wet season rate of fall (mean) GL/d 1.23 0 0 -0.4 nm nm nm 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

Fitzroy River 

The Fitzroy catchment (Figure 53) covers almost 94,000 km2 and extends from the headwaters in 
the King Leopold ranges, draining west for a distance of 730 km into King Sound.  There are 
several flow monitoring stations in the catchment from Dimond Gorge in the east (802137) to the 
Looma gauge (802007) in the west.  There are numerous tributaries in the Fitzroy system 
including the Margaret River, Christmas Creek, Hann River, Sandy Creek, Geegully Creek, Little 
Fitzroy River, Collis Creek, Adcock River, Cunningham River, Yeeda River, Mudjalla Gully and 
Minnie River. 
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Figure 53.  Schematic diagram of the Fitzroy River system (blue lines) including the 

location of gauging stations Also shown are the NASY runoff modelling sub-catchments, 
with the inset highlighting (in red) the extent of the calibration catchments (reproduced 

from CSIRO (2009c)). 
 

Standard high and low flow metrics 

Analysis of high and low flow metrics was undertaken at four locations (902055, 8020003, 802137 
and 802007), which correspond to stream gauging sites within the Fitzroy River catchment 
(Figure 53).  In this section we report and interpret the results for one of these locations; results 
for the other three locations are shown in the Appendix Section 8.1.2. 

The standard high and low flow metric analysis results for the Fitzroy River are shown in Table 12 
for Fitzroy Barrage gauge (802003).  It is important to note that at this location, unlike other 
reported gauge locations, was not a model calibration point, therefore these results should be 
treated with some caution until more in depth analysis is undertaken. 

Based on Scenario A, most of the flow (98%) occurs during the wet season, with the river ceasing 
to flow for 79 days of the year, on average.  The greatest changes in annual, wet and dry season 
flow occurs under Scenario Cdry with reductions of > 35%. There are no development scenarios 
reported for this location.  

The greatest impact on the low flow characteristics at this location occur under Scenario Cdry 
(Table 12).  Compared to Scenario A, the number of days of zero flow increases by 50% under 
Scenario Cdry and the average duration of low flow events increased by 36%.  There was little 
change to low flow metrics under Scenarios Cwet and Cmid. 

Changes to the flow regime at high flows were small for Scenarios Cwet and Cmid, however, 
Scenario Cdry results in a 34% reduction in the number of days above the high flow threshold.  
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The number and duration of high flow events during the wet season shows little variation for all 
Scenarios.  Relative to Scenario A, the wet season rate of rise increased by more than 25% for 
Scenario Cwet.   

 
Table 12.  Standard metrics for changes to flow regime on the Fitzroy River at Fitzroy 

Barrage under Scenarios C and D relative to Scenario A. Red text indicates changes of 
more than 25% relative to Scenario A. 

Fitzroy - Fitzroy River at Fitzroy Barrage, Gauge No. 802003 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 7693 +18% -3% -35% nm nm nm 

Wet season flow (mean)* GL 7521 +17% -4% -35% nm nm nm 

Dry season flow (mean)** GL 165 +23% +2% -65% nm nm nm 

Low flow metrics 
Low flow threshold 
(discharge exceeded 90% of 
the time in Scenario A) 

GL/d 0       
Number of days below low 
flow threshold (mean) d/y 79.0 +0.8 +1.5 +39 nm nm nm 
Duration of flow events 
below low flow threshold 
(mean) 

d/y 83.3 +0.8 +2.7 +30.2 nm nm nm 

Number of events below low 
flow threshold (mean) events/y 0.95 0 0 +0.1 nm nm nm 
Number of days of zero flow 
(mean) d/y 79.0 +0.8 +1.5 +39 nm nm nm 

High flow metrics 
High flow threshold 
(discharge exceeded 5% of 
the time in Scenario A) 

GL/d 114       
Number of days above high 
flow threshold (mean) d/y 18.3 +1.8 -0.7 -6.4 nm nm nm 
Duration of flow events 
above high flow threshold 
(mean) 

d/y 11.5 0 -1.1 -2.3 nm nm nm 

Number of events above 
high flow threshold (mean) events/y 1.58 +0.2 +0.1 -0.3 nm nm nm 
Wet season rate of rise 
(mean) GL/d 16.1 +4.6 +0.3 -1.2 nm nm nm 
Wet season rate of fall 
(mean) GL/d 7.99 +1.3 -0.1 -1.2 nm nm nm 

*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

Site specific flow metrics 

Fitzroy River at Fitzroy Barrage 

Morgan et al. (2005) reported that the level of water of the Fitzroy River at the Camballin Barrage 
(gauge G802003) required for fish passage is ~11 m, or 1 m above the Barrage itself.  Using this 
metric they calculated the number of consecutive days per year that the river stage was above 
this height.  This ranged from ~20 to 250 days per year, with most years (80%) having a fish 
passage duration of less than 3 months.  Morgan et al. (2005) also calculated the number of days 
when the Barrage was completely inundated, as this was associated with a stage height of 12.3 
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m.  They found that this occurred in all years between 1986 and 2004 except one (1994).  
Following these analyses, the same metrics were used for all scenarios being assessed for the 
Camballin Floodplain.  The above height metrics were converted to flow thresholds using the 
rating curve for the gauge.  The metrics assessed under each scenario were: 

 

• for flows at which fish could negotiate the Camballin Barrage - the mean number of days 
per year where stage height exceeded 11.0 m (equivalent to 8.0 GL/day); 

• for complete barrage inundation of Camballin Barrage and unobstructed fish passage - 
the mean number of days per year where stage height exceeded 12.3 m (equivalent to a 
discharge of 28.8 GL/day). 

 

Under Scenario A there were found to be 70 days per year (on average) where flows exceeded 
8.0 GL/day and fish passage could commence (Table 13).  There is little change to the 
exceedance of this flow threshold under Scenarios Cmid and Cwet, but there is a moderate 
decrease (24%) in this threshold exceedance under Scenario Cdry.  Under Scenario A, flow was 
above the higher flow threshold of 28.8 GL/day for 42 days per year on average.  Under Cmid and 
Cwet there is little change to the exceedance of this flow but there is a 26% decrease in this 
threshold exceedance under Scenario Cdry.  Therefore fish passage across the barrage would be 
restricted under Scenario Cdry. 

The scenario indicating the largest changes to flow in Table 13 is Cdry and this matches with the 
scenario with the largest impact in the standard metrics for Fitzroy Barrage (Table 12).  This 
observation increases confidence in the ability of the standard metrics to represent processes 
than might affect ecological process for north Australian rivers. 
 

Table 13.  Site specific metrics on the Fitzroy River at Fitzroy Barrage under Scenarios C 
and D relative to Scenario A. Red text indicates changes of more than 25% relative to 

Scenario A. 

Fitzroy - Fitzroy River at Fitzroy Barrage, Gauge No. 802003 
Site specific metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
Fish passage across Fitzroy 
Barrage possible 

        Number of days with flows 
above 8.0 GL/d d/y 70 +3 -1.5 -17 nm nm nm 
Fish passage across Fitzroy 
Barrage unimpeded 

        Number of days with flows 
above 28.8 GL/d d/y 42 +2.4 -1.1 -

11.3 nm nm nm 

nm – not modelled 
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King Edward River 

The King Edward River (Figure 52) covers 8400 km2 and extends for a distance of 220 km to its 
mouth at south Napier Broome Bay.  There are several flow monitoring stations in the catchment 
including Morgan River at Moondoalnee (806005), King Edward River at Mt Reid, (806006) and 
Carson River at Old Theda (806004).  The river has seven tributaries including; Carson River, 
Drum Creek, Noolawayoo Creek, Coondillah Creek and Hair Creek. 

 

Standard high and low flow metrics 

Analysis of high and low flow metrics was undertaken at three locations (8060004, 806005 and 
806006), which correspond to stream gauging sites within the King Edward River catchment 
(Figure 52).  In this section we report and interpret the results for one of these locations; results 
for the other two locations are shown in Appendix Section 8.1.2. 

The standard high and low flow metric analysis results for the King Edward River are shown in 
Table 14 for the Mt Reid gauge (806006).  Based on Scenario A, most of the flow (94%) occurs 
during the wet season.  Annual and seasonal flows do not change much under Scenario Cmid (< 
4%) compared to Scenario A, but there are moderate decreases under Scenario Cdry (> 24%).  
Under Scenario Cwet annual and seasonal flows increase by about 10%.  There are no 
development scenarios for this location. 

Under Scenario Cdry, there is almost twice the number of days with flow that is below the low flow 
threshold as defined by Scenario A.  The number of days of zero flow more than doubles under 
Scenario Cdry, but is reduced by more than 25% under Scenario Cwet.  The duration of events 
below the low flow threshold increased by more than 40% under Scenario Cdry. 

Compared to Scenario A, there is a large decrease (37%) in the high flow threshold exceedance 
under Scenario Cdry.  The number of events exceeding the high flow threshold was also greatly 
reduced (28%) under this scenario.  The wet season rate of rise and fall varied only slightly 
across Scenarios. 
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Table 14.  Standard metrics for changes to flow regime on the King Edward River at Mt 
Reid under Scenarios C and D relative to Scenario A. Red text indicates changes of more 

than 25% relative to Scenario A. 

King Edward - King Edward River at Mt Reid, Gauge No. 806006 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 231 +10% -3% -24% nm nm nm 

Wet season flow (mean)* GL 216 +10% -4% -24% nm nm nm 

Dry season flow (mean)** GL 13.9 +9% 0% -26% nm nm nm 

Low flow metrics 
Low flow threshold (discharge 
exceeded 90% of the time in Scenario 
A) 

GL/d 0.001       
Number of days below low flow 
threshold (mean) d/y 36.5 -7.8 +3.4 +29 nm nm nm 
Duration of flow events below low flow 
threshold (mean) d/y 68.6 -3.4 +4.6 +28.4 nm nm nm 
Number of events below low flow 
threshold (mean) events/y 0.53 -0.1 0 +0.1 nm nm nm 

Number of days of zero flow (mean) d/y 14.7 -5 +2.8 +21.1 nm nm nm 

High flow metrics 
High flow threshold (discharge 
exceeded 5% of the time in Scenario 
A) 

GL/d 3.16       
Number of days above high flow 
threshold (mean) d/y 18.3 +2.1 -1 -6.8 nm nm nm 
Duration of flow events above high 
flow threshold (mean) d/y 5.77 +0.4 -0.2 -0.8 nm nm nm 
Number of events above high flow 
threshold (mean) events/y 3.17 +0.1 -0.1 -0.9 nm nm nm 

Wet season rate of rise (mean) GL/d 0.88 +0.1 0 +0.2 nm nm nm 

Wet season rate of fall (mean) GL/d 0.47 0 0 0 nm nm nm 

*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

NORTHERN TERRITORY 

In three of the four catchments in the Northern Territory (East Alligator, Finniss, and South 
Alligator), river flow was modelled using an ensemble calibration of the rainfall-runoff models 
Sacramento and IhacresClassic (Petheram et al., 2009b).  As part of the NASY project runoff in 
the above catchments was derived for the 77 year period from 1930 to 2008 (Petheram et al., 
2009b).  The forth catchment in the Northern Territory is the Daly, which was modelled using a 
combined surface water and groundwater model which was designed and run by the Northern 
Territory Government Department of Natural Resources, Environment, the Arts and Sport 
(Knapton et al., 2010). 

To describe the current surface hydrological conditions in these catchments we report three of the 
scenarios analysed in the NASY project, Scenario A, Scenario C and Scenario D: 

 

• Scenario A – historical climate (1930 to 2007) and current development. This scenario is 
used as a baseline for comparison with all other scenarios; 
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• Scenario C – future climate (~2030) and current development; 

• Scenario D – future climate (~2030) and likely future development. 

 

Historical climate 

The Daly River region receives an average of 1020 mm of rainfall over the September to August 
water year, most of which (975 mm) falls in the November to April wet season.  Across the region 
there is a north–south gradient in annual rainfall, ranging from 1485 mm in the north to 670 mm in 
the south.  Annual rainfall has been steadily increasing throughout the historical (1930 to 2007) 
period, from an average of around 560 mm to 1230 mm.  The highest yearly rainfall received was 
1640 mm, which fell in 1974, and the lowest was 500 mm in 1952 (CSIRO, 2009c). 

The Van Diemen region, which includes the East Alligator, Finniss, and South Alligator rivers, 
receives an average of 1390 mm of rainfall over the September to August water year, most of 
which (1327 mm) falls in the November to April wet season.  Across the region there is a strong 
north–south gradient in annual rainfall, ranging from 1695 mm in the north to 1155 mm in the 
south.  Over the historical (1930 to 2007) period, annual rainfall has been gradually increasing 
from an initial average of around 1100 mm to approximately 1400 mm later in the period.  The 
highest yearly rainfall received was 1942 mm which fell in 2000, and the lowest was 765 mm in 
1952 (CSIRO, 2009c). 

 

Daly River 

The Daly River, 200 km to the south of Darwin, is one of the largest perennial rivers of northern 
Australia, with a catchment area of just over 53,000 km2.  Dry season flow is dominated by input 
from groundwater from two underlying limestone aquifers, which have an intervening siltstone 
aquitard.  The catchment contains a number of important rivers, including the Katherine, Flora, 
Edith and Douglas Rivers, which have cultural, tourism and conservation value.   
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Figure 54.  Schematic diagram of the Daly River system (blue lines) including the location 

of gauging stations (reproduced from CSIRO (2009c)).  

 

Standard high and low flow metrics 

Analysis of high and low flow metrics were undertaken at four locations (8140038, 8140040, 
8140042 and 8140001), which correspond to stream gauging sites within the Daly River 
catchment (Figure 54).  In this section we report and interpret the results for one of these 
locations; results for the other three locations are given in Appendix Section 8.1.3. 

The standard high and low flow metric analysis results for the Daly River are shown in Table 15 
for the Oolloo Road Crossing gauge (8140038).  Based on Scenario A, most of the flow (91%) 
occurs during the wet season.  Annual and seasonal flows do not change much under Scenario 
Cmid when compared to Scenario A, but there are large increases under Scenario Cwet (22 to 
31%) and large decreases under Scenario Cdry (21 to 31%).  Changes to annual and seasonal 
flows under scenarios Dwet, Dmid and Ddry, when compared to Scenario A, are similar to those 
under Scenario C, indicating very little additional impact on the hydrological regime as a result of 
proposed development.  

The number of days when flow is less than the low flow threshold decreases moderately under 
Scenario Cmid compared to Scenario A, but there is a large increase in low flow days under 
Scenario Cdry and a large decrease in low flow days under Scenario Cwet.  The number of days 
when flow is less than the low flow threshold also decreases moderately under Scenario Dmid, 
when compared to Scenario A.  Scenario Dwet is similar to Cwet indicating little impact from 
proposed development, but there is a larger increase in low flow days under Scenario Ddry when 
compared to Scenario Cdry.  There were no zero flow days at this location under any scenario.  
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Compared to Scenario A there is little change in high flow threshold exceedance under Scenario 
Cmid. Under Scenario Cwet high flow exceedance increases by 27% from Scenario A; 
conversely, there is a large decrease in high flow days under Scenario Cdry.  The wet season 
rates of rise and fall are greatly increased under the wet climate scenarios and are greatly 
decreased under the dry climate scenarios. 

 
Table 15.  Standard metrics for changes to flow regime on the Daly River at Oolloo Road 
Crossing under Scenarios C and D relative to Scenario A. Red text indicates changes of 

more than 25% relative to Scenario A. 

Daly - Daly River at Oolloo Road Crossing, Gauge No. G8140038 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 5434 +31% -3% -32% +31% -3% -33% 

Wet season flow (mean)* GL 4950 +31% -3% -33% +31% -3% -33% 

Dry season flow (mean)** GL 206 +22% -3% -17% +21% -5% -22% 

Low flow metrics 
Low flow threshold (discharge 
exceeded 90% of the time in Scenario 
A) 

GL/d 0.72       
Number of days below low flow 
threshold (mean) d/y 36.6 -28.6 +7.7 +48.1 -26.6 +15.9 +66.6 
Duration of flow events below low flow 
threshold (mean) d/y 33.6 -7.5 -3.7 +13.8 -5 +4 +17.9 
Number of events below low flow 
threshold (mean) events/y 1.09 -0.8 +0.4 +0.7 -0.7 +0.3 +0.9 

Number of days of zero flow (mean) d/y 0 0 0 0 0 0 0 

High flow metrics 
High flow threshold (discharge 
exceeded 5% of the time in Scenario 
A) 

GL/d 92.4       
Number of days above high flow 
threshold (mean) d/y 18.3 +5 -0.7 -7.8 +5 -0.6 -7.8 
Duration of flow events above high 
flow threshold (mean) d/y 7.93 +1.4 -0.3 -1.8 +1.4 -0.3 -1.8 
Number of events above high flow 
threshold (mean) events/y 2.30 +0.2 0 -0.6 +0.2 0 -0.6 

Wet season rate of rise (mean) GL/d 9.22 +2.4 -0.5 -3.6 +2.7 -0.7 -3.6 

Wet season rate of fall (mean) GL/d 4.97 +1.5 -0.2 -1.5 +1.7 -0.2 -1.6 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

Site specific flow metrics 

Daly River at Oolloo Road Crossing 

The reports by Erskine et al. (2004; 2003) summarise the results from five projects within the 
National River Health Environmental Flow Initiative (described in Section 3.2.5).  The aim of these 
projects was to provide recommendations on environmental flows consistent with maintaining the 
biota and wider ecosystem values of the Daly River.  These projects made a range of 
environmental stream flow recommendations and some of these were suitable for assessment 
under this projectʼs scenario analysis.  The work by Georges et al. (2002) reported in Erskine et 
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al. (2004; 2003) gives data for the success of Pig-Nosed Turtle (Carettochelys insculpta) nesting 
and their main food source, the aquatic macrophyte Vallisneria nana.  In these reports turtle 
nesting success and V. nana bed occurrence are related to Daly River flow at the Oolloo Gauge 
(8140038).  The Erskine et al. (2004) report recommends that at least 80 % of flow should exceed 
1.04 GL/day to provide habitat for Pig-Nosed Turtles and V. nana.  When flow drops to these 
levels extraction should cease.  Erskine et al. (2003) also reviewed the existing data on riparian 
vegetation water use along the Daly River and concluded that all of the riparian vegetation water 
use could be met by maintaining a stream flow of less than 0.17 GL/day during the dry season, 
assuming no loss of stream flow to regional aquifers. Further details of these flow thresholds are 
described in Section 3.2.5. 

The specific metrics assessed under each scenario are: 

 

• for Pig-Nosed Turtle nesting success and V. nana bed occurrence - the mean number of 
days per year at Oolloo Gauge (8140038) with flows below identified threshold of 1.04 
GL/day; 

• for riparian vegetation water requirements - the mean number of days per year at Oolloo 
Gauge ((8140038) with flows below the identified threshold of 0.17 GL/day. 

 

For the flow threshold for protecting Pig-Nosed Turtle and the number of V. nana beds it was 
found that under Scenario A, there is an average of 151 days per year when conditions are below 
the threshold (Table 16).  This number decreases greatly under Cwet and Dwet.  There is little 
change to the number of days below the identified threshold under scenarios Cmid and Dmid.  
The greatest increase in days below the threshold for the nesting success of the Pig-Nosed Turtle 
and the number of V. nana beds is under scenarios Cdry and Ddry with 30% and 37% increases, 
respectively.  These changes may result in a reduction in the number of V. nana beds, a decline 
in the nesting success of the Pig-Nosed Turtle and a large increase in the period of time where 
water extraction may have to be limited. 

The minimum flow requirement to maintain transpiration requirements of riparian vegetation has 
been reported by Erskine et al. (2003) to be 0.17 GL/day at the Oolloo Crossing gauge.  The flow 
threshold analysis showed that flow levels were maintained above this level under all scenarios, 
so there is likely to be little or no impact of climate or development on transpiration of riparian 
vegetation in this river reach (Table 16). 
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Table 16.  Site specific metrics on the Daly River at Oolloo Road Crossing under Scenarios 
C and D relative to Scenario A. Red text indicates changes of more than 25% relative to 

Scenario A. 

Daly - Daly River at Oolloo Road Crossing, Gauge No. G8140038 
Site specific metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
Daly River Middle Reaches - Pig-Nosed Turtle nesting habitat suitability and V. nana bed 
occurrence 
Number of days with flows below 
1.04 GL/d d/y 150 -

49.4 +9.8 +45.2 -
47.5 +13.3 +56.3 

Daly River Middle Reaches – Riparian 
vegetation water requirement 

       Number of days with flows below 
0.17 GL/d d/y 0 0 0 0 0 0 0 

 

Daly River at Mt Nancar 

In an ecological risk assessment for the Daly River, Bayliss et al. (2008) concluded that water 
extraction was a key threat to environmental flows in the Daly River.  They used barramundi catch 
data to assess the effects of stream flow on fish population abundance.  Barramundi was selected 
as a suitable species as it is an important recreational and commercial fish and has a life cycle 
dependent on the connection between freshwater and estuarine ecosystems.  Bayliss et al. 
(2008) related population abundance to catch per unit effort (CPUE) and used records of 
barramundi catch from commercial fisheries, tour operators and a fishing tournament which has 
been held over many years.  All catch data were positively correlated to wet season flow for the 
same year, however the strongest relationship was found with fishing tournament CPUE.  The 
derived relationship between wet season flow and population abundance (as defined by CPUE for 
the fishing tournament) offers an opportunity to assess potential population impacts for 
barramundi across the different climate and development scenarios.  The metrics presented by 
Bayliss et al. (2008) relate to flow on the Daly River at Mt Nancar to fishing tournament CPUE 
using the following equation: 

 
Log10CPUE = 0.641*Log10WetSeason Flow – 5.31  

 

Note, this relationship varies to that presented in Bayliss et al. (2008) as several years of new 
data have now been incorporated (Bayliss pers. comm.).  Also, the period defined as the wet 
season by Bayliss et al. (2008) varies to that used in the rest of this document and includes the 7 
months from October to April. 

By determining average wet season flow for each of the climate scenarios it is then possible to 
determine the resultant CPUE using the above relationship.  The results of this analysis are 
shown in Table 17.  There is little change in the average wet season flow or CPUE for both Cmid 
and Dmid scenarios, however, the Scenarios Cwet and Dwet result in an increase in wet season 
flow of 33% and increase in CPUE of 20%.  Scenario Cdry and Ddry show an opposite trend, with 
a 33% reduction in average wet season flow and a corresponding decrease in CPUE of 23%.  An 
interesting point to note is that percentage change in CPUE is not as large as the percentage 
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change in wet season flow.  This indicates that the increase or decrease in flow has a damped 
effect on CPUE.   

Interestingly, the scenarios indicating the largest changes to flow in the standard metrics for Mt 
Nancar (Appendix Section 8.1.3.) match well with those causing the biggest change in this site 
specific analysis. This observation increases confidence in the ability of the standard metrics to 
represent processes than might affect ecological process for north Australian rivers. 

  
Table 17.  Site specific metrics related to barramundi catch on the Daly River at Mt Nancar 
under Scenarios C and D relative to Scenario A. Red text indicates changes of more than 

25% relative to Scenario A. 

Daly - Daly River at Mt Nancar, Gauge No. G8140040 
Site specific 
metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
Wet season 
flow GL/d 7539 +33% -1% -33% +33% -1% -33% 
Catch per unit 
effort Fish/angling hr 0.12 +20% -0.6% -23% +20% -0.6% -23% 

N.B. For this analysis table the wet season covers the 7 months from October to April 

 

Further site specific metrics related to nesting density of magpie geese was also presented for the 
Daly River at Mt Nancar by Bayliss et al. (2008).  This metric compares the total wet season 
(October to April in this case) flow with nesting density.  A relationship fitted to wet season flow 
and nesting density data showed that nesting density falls to between 0-6/km2 when total wet 
season flow is less than 6900 GL.  Above this point nesting density shows a positive trend with 
increasing wet season flow to peak levels of 25-30/km2.  Peak nesting densities continued to 
increase until wet season flow exceeded 11000 GL.  Bayliss et al. (2008) suggest that beyond the 
flow level it is possible that nest density declines due to nest drowning.  It is also worth noting that 
whilst the timing of onset of wet season rainfall may trigger nesting in magpie geese, and so 
ultimately influence annual nest density and recruitment success, the amount of rainfall 
throughout the remainder of the wet season is also critical in that it needs to be sufficient in order 
to ensure completion of the nesting cycle, and to produce adequate food for goslings, adults and 
yearlings before the next wet season rains. 

The derived relationship between wet season flow and nesting density (for a total of 22 years) 
offers another opportunity to assess potential population dynamics for magpie geese across the 
different climate and development scenarios.  The specific metrics assessed under each scenario 
are: 

 

• Number of years where wet season flows exceed the lower threshold of 6900 GL – 
beyond this threshold floodplain inundation and nesting density increases; 

• Number of years where wet season flows exceed the upper threshold of 11000 GL – 
beyond this threshold floodplain inundation is considered too deep and nest drowning 
occurs.  
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The results of this magpie geese metric analysis are shown in Table 18.  Under Scenario A half of 
the number of years modelled (22 years) had wet season flow greater than the lower threshold.  
Of these 11 years, 5 had wet season flow greater than the higher threshold above which nest 
density declines.  Of the total 22 years of analysis 27% of years (n = 6) fell within the optimal wet 
season flows for nesting density i.e. between 6900 and 11000 GL.  Under Scenarios Cwet and 
Dwet, the number of days above the high threshold increased by 14% (3 years) indicating the 
potential for nesting density decline due to nest drowning.  There was little change under Cmid 
and Dmid.  Under Scenario Cdry and Ddry, the number of years within the optimal range was 4 
(down 18%); this was due mainly to a reduction of the number of years above the lower threshold.  

Interestingly, this is one of the few metrics, which report negative impacts of very high flows.  The 
scenarios indicating the largest changes to flow in the standard metrics for Mt Nancar (Appendix 
Section 8.1.3.) match well with those causing the biggest change in this site specific analysis.  
However, in this instance the impact of the dry scenarios appears to be more significant than the 
standard site specific analysis would suggest. 

 
Table 18.  Site specific metrics related to magpie goose nesting on the Daly River at Mt 
Nancar under Scenarios C and D relative to Scenario A. Red text indicates changes of 

more than 25% relative to Scenario A. 

Daly - Daly River at Mt Nancar, Gauge No. G8140040 

Site specific metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 
  

    change from Scenario A 
Number of years above nesting 
density thresholds 

        Total wet season flow greater 
than low threshold of 6900 GL Years 11 +3 0 -6 +3 0 -6 
Total wet season flow greater 
than high threshold of 1100 GL Years 5 +3 0 -4 +3 0 -4 
N.B. For this analysis table the wet season covers the 7 months from October to April. Total number of 
wet seasons for analysis is 22.  

 

East Alligator River 

The East Alligator River covers an area of 14,500 km2 and is approximately 160 km long.  After 
rising in the northern part of the Arnhem Land Plateau, it flows with tributary streams towards the 
north west through canyons towards the Van Diemen Gulf which it meets at Point Farewell.  The 
major rivers in the catchment include Cooper Creek and Magela Creek (Figure 55). 
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Figure 55.  Schematic diagram of the Van Diemen region where the East Alligator, Finniss 

and South Alligator rivers are located (reproduced from Petheram et al., (2009b)).   

 

Standard high and low flow metrics 

Analysis of high and low flow metrics were undertaken at four locations (8210024, 8210007, 
8210017 and 8210009), which correspond to stream gauging sites within the East Alligator River 
catchment (Figure 55).  In this section we report and interpret the results for one of these 
locations; results for the other three locations are given in Appendix Section 8.1.3. 

The standard high and low flow metric analysis results for the East Alligator River are shown in 
Table 19 for the Magela Creek Plains gauge at Jabiluka (8210017).  Based on Scenario A, most 
of the flow (92%) occurs during the wet season, with periods of zero flow occurring during the dry 
season.  The greatest changes in annual and wet season flow occurs under Scenario Cwet, with 
increases of more than 43%.  Under Scenario Cdry, annual and seasonal flow decreased by at 
least 37% relative to Scenario A.  There are no development scenarios reported for this location.  

The greatest impact on the low flow characteristics at this location occur under Scenario Cdry.  
Under this scenario, the number of days of zero flow increased by more than 42% and the 
duration of zero flow events increased by 50%.  The number of days of zero flow was reduced by 
nearly 30% under Scenario Cwet.  

Changes to the flow regime at high flows are greater than 46% for Scenarios Cwet and Cdry.  The 
number of days above the high flow threshold and duration of events does not change much for 
any of the scenarios relative to Scenario A.  The rates of rise and fall during the wet season 
shows changes of greater than 25% for both Scenario Cwet and Cdry.  
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Table 19.  Standard metrics for changes to flow regime on the Magela Creek Plains at 
Jabiluka under Scenarios C and D relative to Scenario A. Red text indicates changes of 

more than 25% relative to Scenario A. 

East Alligator - Magela Creek Plains at Jabiluka, Gauge No. G8210017 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 252 +43% +0% -40% nm nm nm 

Wet season flow (mean)* GL 231 +47% 0% -42% nm nm nm 

Dry season flow (mean)** GL 6.78 +16% +2% -37% nm nm nm 

Low flow metrics 
Low flow threshold (discharge 
exceeded 90% of the time in 
Scenario A) 

GL/d 0       
Number of days below low 
flow threshold (mean) d/y 73.2 -21.9 +0.8 +30.7 nm nm nm 
Duration of flow events below 
low flow threshold (mean) d/y 67.9 -15.2 +5.2 +33.3 nm nm nm 
Number of events below low 
flow threshold (mean) events/y 1.08 -0.1 -0.1 -0.1 nm nm nm 
Number of days of zero flow 
(mean) d/y 73.2 -21.9 +0.8 +30.7 nm nm nm 

High flow metrics 
High flow threshold 
(discharge exceeded 5% of 
the time in Scenario A) 

GL/d 4.22       
Number of days above high 
flow threshold (mean) d/y 18.3 +9.6 -0.6 -8.5 nm nm nm 
Duration of flow events above 
high flow threshold (mean) d/y 14.2 +1.8 -1.3 +1.8 nm nm nm 
Number of events above high 
flow threshold (mean) events/y 1.29 +0.5 +0.1 -0.7 nm nm nm 
Wet season rate of rise 
(mean) GL/d 0.31 +0.1 0 -0.1 nm nm nm 

Wet season rate of fall (mean) GL/d 0.21 +0.1 0 -0.1 nm nm nm 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

Finniss River 

The Finniss River catchment covers an area of 9,060 km2.  The river is located about 70 km south 
of Darwin and flows generally westwards and meets the sea at Fog Bay.  The Finniss floodplain 
and Fog Bay system near the mouth is a wetland of national significance.  This area supports a 
modified, but relatively intact floodplain with extensive paperbark swamps.  The site supports 
some of the best floating mat vegetation communities in the NT and the permanent billabongs in 
the north east are a major breeding ground for Saltwater and Freshwater crocodiles (Environment 
Australia, 2001).  

Standard high and low flow metrics 

Analysis of high and low flow metrics was undertaken at five locations (8150010, 8150018, 
8150097, 8150098, and 8150180) which correspond to stream gauging sites within the Finniss 
River catchment (Figure 55).  In this section we report and interpret the results for one of these 
locations; results for the other four locations are given in Appendix Section 8.1.3. 
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The standard high and low flow metric analysis results for the Finniss River are shown in Table 20 
for the Gitchams gauge (8150180).  Under Scenario A, annual flow into this location is dominated 
by wet season flows (96 percent).  Annual and seasonal flows do not change under Scenario 
Cmid compared to Scenario A, but there are large increases under Scenario Cwet (19 to 28%) 
and large decreases under Scenario Cdry (24 to 28%).  There are no reported development 
scenarios for the area upstream of this location. 

Compared to Scenario C, the number of days when flow is less than the low flow threshold does 
not change very much under Scenarios Cmid, but there is a large decrease in low flow days under 
Scenario Cwet, and a very large increase in low flow days under Scenario Cdry.  Zero flow days 
are rare at this location and this does not change much under any scenario.  

Under Scenario Cmid, high flow threshold exceedance does not change much from Scenario A.  
Conversely, there is a large increase in high flow days under Scenario Cwet and a large decrease 
in high flow days under the Scenario Cdry.  The duration and number of high flow events changes 
only moderately under Scenarios Cwet and Cdry and rates of rise and fall show little difference 
from Scenario A. 

 

South Alligator River 

The South Alligator River has a catchment area of 11,600 km2 and the river itself is about 160 km 
long.  It rises north of Mount Stow on the Arnhem Land plateau and flows north-westerly in a 
valley containing a number of disused uranium mines developed between 1955 and 1965.  It also 
meets the sea in the Van Diemen Gulf.  The entire river and its catchment are contained and 
protected in Kakadu National Park. 

 

Standard high and low flow metrics 

Analysis of high and low flow metrics was undertaken at four locations (8200044, 8200045, 
8200111 and 8200112), which correspond to stream gauging sites within the South Alligator River 
catchment (Figure 55).  In this section we report and interpret the results for one of these 
locations; results for the other three locations are given in Appendix Section 8.1.3. 

The standard high and low flow metric analysis results for the South Alligator River are shown in 
Table 21 for the Nourlangie Creek gauge (8200112) at Kakadu Highway.  Based on Scenario A, 
most of the flow (96%) occurs during the wet season, with the river ceasing to flow for 101 days of 
the year, on average.  The greatest changes in annual and wet season flow occurs under 
Scenario Cwet, with increases of > 25%.  Annual and seasonal flows under Scenario Cdry are 
reduced by 23%.  There are no development scenarios reported for this location.  

The greatest impact on the low flow characteristics at this location occur under Scenario Cdry.  
Compared to Scenario A, the number of days of zero flow increases by 30% under Scenario Cdry 
and the average duration of low flow events increased by 25%.  There were more moderate 
changes to low flow metrics under Scenarios Cwet and Cmid. 
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Table 20.  Standard metrics for changes to flow regime on the Finniss River at Gitchams 
under Scenarios C and D relative to Scenario A. Red text indicates changes of more than 

25% relative to Scenario A. 

Finniss - Finniss River at Gitchams, Gauge No. G8150180 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 426 +28% +0% -24% nm nm nm 
Wet season flow (mean)* GL 411 +28% +0% -24% nm nm nm 
Dry season flow (mean)** GL 12.7 +19% 0% -28% nm nm nm 
Low flow metrics 
Low flow threshold 
(discharge exceeded 90% 
of the time in Scenario A) 

GL/d 0.015       
Number of days below low 
flow threshold (mean) d/y 36.5 -22.6 +2.2 +39.6 nm nm nm 
Duration of flow events 
below low flow threshold 
(mean) 

d/y 46.9 -15.3 -0.3 +32.3 nm nm nm 

Number of events below 
low flow threshold (mean) events/y 0.78 -0.3 +0.1 +0.2 nm nm nm 
Number of days of zero 
flow (mean) d/y 0.79 0 0 0 nm nm nm 

High flow metrics 
High flow threshold 
(discharge exceeded 5% 
of the time in Scenario A) 

GL/d 6.96       
Number of days above 
high flow threshold 
(mean) 

d/y 18.3 +5.7 0 -5.8 nm nm nm 

Duration of flow events 
above high flow threshold 
(mean) 

d/y 6.86 +1.1 +0.2 -1.3 nm nm nm 

Number of events above 
high flow threshold 
(mean) 

events/y 2.66 +0.4 -0.1 -0.4 nm nm nm 

Wet season rate of rise 
(mean) GL/d 0.71 +0.2 0 0 nm nm nm 
Wet season rate of fall 
(mean) GL/d 0.48 +0.1 0 0 nm nm nm 

*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

Under Scenario Cmid, high flow threshold exceedance does not change much from Scenario A.  
Conversely, there is a large increase in high flow days under Scenario Cwet and a large decrease 
in high flow days under the Scenario Cdry.  The duration and number of high flow events changes 
only moderately under Scenarios Cwet and Cdry.  Relative to Scenario A, the wet season rate of 
rise increased by more than 25% for Scenario Cwet and did not change at all for other Scenarios.   
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Table 21.  Standard metrics for changes to flow regime on the Nourlangie Creek At Kakadu 

Highway under Scenarios C and D relative to Scenario A. Red text indicates changes of 
more than 25% relative to Scenario A. 

South Alligator - Nourlangie Creek At Kakadu Highway, Gauge No. G8200112 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 816 +25% 0% -23% nm nm nm 

Wet season flow (mean)* GL 783 +26% 0% -23% nm nm nm 

Dry season flow (mean)** GL 13.5 +4% +1% -23% nm nm nm 

Low flow metrics 
Low flow threshold (discharge 
exceeded 90% of the time in 
Scenario A) 

GL/d 0       
Number of days below low flow 
threshold (mean) d/y 101 -11.9 +4.9 +31.4 nm nm nm 
Duration of flow events below 
low flow threshold (mean) d/y 99.7 -12.8 -2.6 +24.6 nm nm nm 
Number of events below low 
flow threshold (mean) events/y 1.01 0 +0.1 +0.1 nm nm nm 
Number of days of zero flow 
(mean) d/y 101 -11.9 +4.9 +31.4 nm nm nm 

High flow metrics 
High flow threshold (discharge 
exceeded 5% of the time in 
Scenario A) 

GL/d 12.1       
Number of days above high 
flow threshold (mean) d/y 18.3 +6.9 -0.1 -5.5 nm nm nm 
Duration of flow events above 
high flow threshold (mean) d/y 9.84 +1.4 -0.1 -1.2 nm nm nm 
Number of events above high 
flow threshold (mean) events/y 1.86 +0.4 0 -0.4 nm nm nm 

Wet season rate of rise (mean) GL/d 0.70 +0.2 0 0 nm nm nm 

Wet season rate of fall (mean) GL/d 0.477 +0.2 0 0 nm nm nm 

*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

CONCLUSIONS 

• Stream flow in northern rivers and the environmental assets they support is extremely 
seasonal and ecosystems are likely to have adapted to the prevailing conditions.  In 
unregulated streams the vast majority (> 90 percent) of total annual flow occurs during 
the wet season months (November to April).  Ecosystems that have adapted to 
environments with persistent dry season flow will have become dependent on this flow.  
This leads to a high level of endemism across north Australia. 

• There is a general lack of quantitative relationships between flow and specific ecological 
flora and fauna in the NAWFA reporting area.  As a result the consequence of flow 
changes on ecological systems is largely unknown.  The few existing site-specific 
thresholds used here demonstrate the value of such information and resources for 
development of more of these thresholds and associated relationship are best targeted at 
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areas containing high priority ecological assets that may come under significant 
development pressure. 

• In the absence of species specific thresholds, standard metrics, derived solely from the 
river flow regime, provided useful guideline information and have the advantage that they 
enable comparisons within and between regions.  The selected metrics relate mainly to 
the high and low flow conditions, which are important drivers of floodplain and in-stream 
ecosystem structure and processes in northern Australia. 

• For locations where both site specific and standard metrics were available it was found 
that the standard metrics adequately reflected the directions (and to some degree 
magnitude) of potential change derived for the site specific metrics. 

• Low flows under dry climate change scenarios are likely to be altered significantly.  Some 
areas are likely to experience considerable increases in the duration of low and zero 
flows, which may have major ecological impacts.  Combining climate change with 
development pressures can exacerbate changes to low flow conditions. 

• Flooding is an important factor that sustains many environmental assets by providing 
connectivity across the floodplain and facilitating migration.  Under dry climate change 
scenarios flood frequency can be reduced greatly and this may have impacts on provision 
of habitat and breeding grounds.  Under wet climate change conditions flooding may 
become much more frequent and this could have both positive and negative impacts 
depending on flow requirements of different species. 

• Despite the fact that there are large areas of groundwater dependant ecosystems in 
northern Australia there are no known locations with quantitative groundwater related 
ecological metrics.  Further monitoring of the interactions between groundwater level and 
the functioning of ecosystems is therefore recommended. 

• It is also worth noting that any change in river flow is likely to result in changes to water 
quality including sediment and nutrient loads, water temperature and dissolved oxygen 
levels.  These changes in turn may also affect productivity and habitat quality and as such 
should be carefully considered in future investigations. 

 

3.3.4 IN-STREAM POOLS AS ECOLOGICAL REFUGIA 

LANDSAT RESULTS AND DISCUSSION 

Fitzroy River, Western Australia 

The evolution of pools in the central 275 km reach of the Fitzroy River during three contrasting 
years is shown in Figure 56, along with the daily discharge recorded at the Fitzroy Barrage 
(gauge No. 802003) during the same three years.  The wettest year was 2006 and analysis of the 
LandSat data on 20 March 2006 showed the river to be one continuous reach.  As the dry season 
started and flows declined, pool numbers increased steadily, reaching a maximum of 194 on 27 
August (day 239).  After this date, pool numbers declined to 107 on 1 December (day 316), just 
before the start of the next wet season.  There was less rainfall in the 2008 wet season and as a 
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result at the beginning of this dry season the river had one long (142km) continuous reach and 
already contained ~ 50 pools.  Pool numbers increased more rapidly than in 2006, but by 1 
September (day 245) had reached a peak of 216, broadly similar to the peak pool number in 
2006.  River flows were extremely low in 2005 and pool numbers grew very rapidly in the early dry 
season and had exceeded 200 as early as 20 May (day 214).  However, pool numbers did not 
continue to increase, but rather stayed around 170 (± 5%) for the rest of the dry season. 

 

 
Figure 56.  The development of pools in the Fitzroy River, WA during three years; 2005 
(blue), 2006 (black) and 2008 (green). Also shown is the daily discharge (dashed lines) 

recorded at the Fitzroy Barrage (gauge No. 802003) during the same three years.   

 

The similarity in pool numbers around mid August (day 230), despite the very different preceding 
wet seasons, suggests that flow in this river at this time may be largely ground water fed.  This is 
consistent with the conclusion from river water chemistry sampling at this time of year in this river 
(Harrington et al., 2011).  The decline in pool numbers after mid-August suggests that the 
groundwater feed is not sufficient to maintain all the pools in the river and some of the smaller 
pools are drying up and disappearing (see below). 

Figure 57 shows the seasonal change in total pool area during 2005, 2006 and 2008.  Given that 
the river was continuous on 20 March 2006, the ʻbank fullʼ area of the river on this day (4529 ha) 
was taken to be 100% and total pool areas on other days are expressed as a percentage of the 
area on 20 March 2006.  Pool area decreased rapidly at the start of the 2006 dry season and then 
continued to decline, but more slowly from early May onwards.  Total pool area began well below 
100% in both of the 2005 and 2008 dry seasons, and remained below the 2006 pool area for the 
rest of the dry season.  At the time of peak pool numbers (mid August - day 230) total pool areas 
range from ~ 25% in 2005, 28% in 2008 and 35% in 2006.  At the end of the dry seasons pool 
area remained above 24% in 2005 and 2006, but collapses to only 7% of the bank full area in the 
driest year of 2008. 
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Figure 57.  The seasonal change in total pool area in the Fitzroy River, WA during three 

years; 2005 (blue), 2006 (black) and 2008 (green). Also shown is the daily discharge 
(dashed lines) recorded at the Fitzroy Barrage (gauge No. 802003) during the same three 

years.  

 

The relationships between (a) pool number and (b) total pool area and daily flow in the Fitzroy 
river are shown in Figure 58 for all three years (2005, 2006 and 2008).  Pool numbers increase to 
around 50 when the river flow drops below ~ 500 m3 s-1.  At much lower flows (below ~50 m3 s-1) 
there is a very rapid increase in pool numbers and commensurate rapid decrease in total pool 
area (Figure 58b).  If aquatic biota in this river reach are adversely affected by low flows, then 
these low flow thresholds could be used to assess when these conditions occur within this river 
reach. 

A description of the pool length distributions in each year is given in Figure 59 and the data are 
summarised in Table 22.  In the driest year (2005) the season begins with one long (138 km) 
continuous river reach and 26 pools ranging in size from 0.1 to 6.2 km (median size 0.4 km).  By 
mid August (peak pool number) the long river reach has broken up into pools, and the longest of 
these is 11.1 km.  There are many more small pools (< 0.5 km) with a secondary peak in pool 
size around 2 km (Figure 59a).  At the end of the dry season the decline in pool numbers (Table 
22) is mainly due to the disappearance of small pools (Figure 59a).  During the drier year of 2008, 
there were more small pools at the start of the dry season, but fewer pools of this size at the end 
of the dry season.  The distributions of pool sizes around mid-August (day 230 - peak pool 
numbers) were quite similar in 2005 and 2008.  In contrast, the pool size distribution in the driest 
year (2005) showed the greatest number of small pools from mid-August onwards.   
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Figure 58.  The relationship between (a) pool number and (b) total pool area and flow 

recorded at the Fitzroy Barrage (gauge No. 802003) during 2005, 2006 and 2008.   

 

The summary of reach and pool lengths in Table 22 shows some interesting features.  The 
median pool size is generally between 0.3 and 0.5 km, reflecting the large number of small pools.  
Significantly greater pool sizes only occurred towards the end of the wettest year (2006), when 
the median pool size rose to just over 1 km.  Maximum pool sizes were in the range 4 to 13 km 
and the minimum pool size of 90 m is a reflection of the analysis technique which ignores pools 
which contain less than 4 pixels (pixel = 30 x 30 m). The total length of in-stream water bodies 
(reaches plus pools) is similar at the start of each year, shortest towards the end of the driest year 
and longest at the end of the wettest year.  The total water length at the end of 2008 appears to 
be anomalously low and further analysis of the LandSat imagery at this time needs to be carried 
out. 
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Figure 59.  The distribution of pool lengths at the start of the dry season (blue), at peak 

pool number (green) and at the end of the dry season (red) in the Fitzroy River. Following 
Georges et al., (2002), pools longer than 20km are referred to as river reaches.   
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Table 22.  A summary of the length of pools and river reaches in the Fitzroy River during 
2005, 2006 and 2008. 

 

 

Mitchell, Queensland 

Figure 60 shows how the pools developed in the central 243 km reach of the Mitchell River during 
2005, along with the daily discharge recorded at the Gamboola river gauge (No. 919011A) during 
the same year.  2005 was a fairly dry year in this catchment and the river reach analysed started 
the dry season with 3 long river reaches (25km, 27km and 105km) and around 60 pools (Table 
23).  Pool numbers increased steadily as the dry season progressed and reached a maximum of 
~ 230 towards the end of September (day 264).  After this time pool numbers decreased despite 
the small increase in river flow around day 300.  The late dry season decline in pool numbers is 
similar to that observed in the Fitzroy River, and is likely to be associated small pools 
disappearing as the groundwater feed becomes insufficient to sustain all of the pools in the river 
bed. 

The seasonal change in total pool area during 2005 in this catchment is shown in Figure 61.  The 
earliest suitable (largely cloud free) LandSat data for this year was 25 February and even though 
the river was not fully continuous, the ʻbank fullʼ area of the river on this day (2995ha) was taken 
to be 100% and total pool areas on other days are expressed as a percentage of the area on 25 
February 2005.  Pool area decreased steadily during the dry season reaching a minimum of 53% 
on 21 September (day 264), the same day when the peak number of pools was observed (Figure 
60).  By the next Landsat analysis day, 8 November (day 312), total pool area had increased, 
even though the number of pools declined.  The small increase in flow around day 300 therefore 
increased the size of the pools at the end of the dry season and this is confirmed by the pool 
length analysis described below. 
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Figure 60.  The development of pools in the Mitchell River, QLD during 2005. Also shown 
is the daily discharge (dashed lines) recorded at the Gamboola river gauge (No. 919011A) 

during the same year.   

   

 
Figure 61.  The seasonal change in total pool area in the Mitchell River, QLD during 2005. 
Also shown is the daily discharge (dashed lines) recorded at the Gamboola river gauge 

(No. 919011A) during the same year.   

 

The relationships between (a) pool number and (b) total pool area and daily flow in the Mitchell 
River are shown in Figure 62 for 2005.  As in the Fitzroy River, pool numbers increase and total 
pool area decreases as flow declines.  From this single year analysis it is more difficult to identify 
a sharp threshold, which may not even exist.  Further information on the condition of key aquatic 
biota in this river reach and how these vary with flow rate are needed to identify ecological 
thresholds for water management purposes.  
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Figure 62.  The relationship between (a) pool number and (b) total pool area and flow 

recorded at the Gamboola river gauge (No. 919011A) during 2005.  

 

Figure 63 shows how the pool lengths varied in the Mitchell River during 2005 and the data are 
summarised in Table 23.  The season begins with one long (105 km) continuous river reach, two 
other sizable reaches (25 km and 27 km) and 61 pools ranging in size from 0.1 to 8.7 km (median 
size 0.26 km).  By September (peak pool number) the long river reach has broken up into pools, 
and the longest of these is 12.5 km.  There are many more small pools (< 0.5 km) with a 
secondary peak in pool size around 2 km (Figure 62a).  At the end of the dry season the small 
increase in flow (Figure 61) sustains and even increases the number and size of larger pools and 
the decline in pool numbers at this time is mainly due to the disappearance of small pools.  This is 
confirmed in Table 23, which shows median pool size increasing to 0.56 km at the end of the dry 
season and the total pool length also increasing.  
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Figure 63.  The distribution of pool lengths at the start of the dry season (blue), at peak 

pool number (green) and at the end of the dry season (red) in the Mitchell River. Following 
Georges et al., (2002), pools longer than 20km are referred to as river reaches. 

  

 
Table 23.  A summary of the length of pools and river reaches in the central section of the 

Mitchell River during 2005. 

 

 

Daly, Northern Territory 

Figure 64 shows how the pools developed in the central 171 km reach of the Daly River during 
2000, along with the daily discharge recorded at the Beeboom river gauge (No. 8140042) during 
the same year.  The year 2000 was chosen to allow comparison of pool numbers with the ground 
survey and pool modelling work of Georges et al., 2002.  The river started the dry season as one 
continuous reach and there were no pools.  This continuous reach started to break up as the dry 
season progressed and by the mid-late dry season (day 251) there were 35 pools and one 
remaining river reach ~49 km long (Table 24).  After this time, pool numbers continued to increase 
to 41 at the end of the dry season.  
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Figure 64.  The development of pools in the Daly River, NT, during 2000. Also shown is the 
daily discharge (dashed lines) recorded at the Beeboom river gauge (No. 8140042) during 

the same year.  

 

Pool numbers are much smaller in the Daly River, compared to the Fitzroy and Mitchell Rivers, 
and this is a reflection of the relatively high flows maintained in this river during the dry season.  
The absence of a late dry season decline in pool numbers (similar to that observed in the Fitzroy 
and Mitchell Rivers) may also mean that the groundwater feed in this river is sufficient to sustain 
all of the pools in the river bed.  Georges et al. (2002) reported a peak pool number of 33 in the 
Daly middle reaches, slightly less than we found in the current study.  However, we have 
analysed a much longer river reach and it would be necessary to carry out further analyses on the 
same river reaches to make any further comparison between the two studies.  

The seasonal change in total pool area during 2000 in the Daly River is shown in Figure 65.  
Analysis of LandSat data on 2 May 2000 showed that the river was one continuous reach, so the 
ʻbank fullʼ area of the river on this day (1768 ha) was taken to be 100% and total pool areas on 
other days are expressed as a percentage of the area on 2 May 2000.  Pool area decreased 
slowly during the dry season, but only reaching a minimum of 73% on 18 December, shortly 
before the start of the next wet season.  
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Figure 65.  The seasonal change in total pool area in the Daly River, NT during 2000. Also 
shown is the daily discharge (dashed lines) recorded at the Beeboom river gauge (No. 

8140042) during the same year.  

 

 
Table 24.  A summary of the length of pools and river reaches in the central section of the 

Daly River during 2000. 

 

 

The relationships between (a) pool number and (b) total pool area and daily flow in the Daly River 
are shown in Figure 66 for 2000.  As in the Fitzroy River and Mitchell Rivers, pool numbers 
increase and total pool area decreases as flow declines.  Again, from this single year analysis it is 
difficult to identify a sharp threshold, however, the increase in pool numbers found here appears 
to start at a much higher river flow (~50 - 100 m3 s-1) than the flow rates (~15 - 20 m3 s-1) reported 
by Georges et al. (2002). It should be noted however, that Georges et al. used flow data from a 
different gauge (Dorisvale) than the one used in the present study (Beeboom). 
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Figure 66.  The relationship between (a) pool number and (b) total pool area and flow 

recorded at the Beeboom river gauge (No. 8140042) during 2000. 

 

Figure 64 shows how the pool lengths varied in the Daly River during 2000 and the data are 
summarised in Table 24.  The season begins with one long (127 km) continuous river reach, but 
by mid-late dry season this has broken up into one reach 49 km long and a number of pools, most 
of which were less than 1 km long.  Georges et al. (2002) also found that most of the pools in the 
Daly middle reaches were of 1 to 2 km in length.  By the end of the dry season there remained 
one long river reach and 41 pools, the median size of which had increased to 1.3 km, largely 
because of an increase in the number of pools in the 2 to 3 km range (Figure 67).  
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Figure 67.  The distribution of pool lengths at the start of the dry season (blue), mid to late 

dray season (green) and at the end of the dry season (red) in the Daly River. Following 
Georges et al., (2002), pools longer than 20km are referred to as river reaches.  

 

CONCLUSIONS 

• In the Fitzroy River the preceding wet season affects the rate at which pools form in the 
early dry season, but the late dry season pool number is insensitive to wet season flow.  
This implies that groundwater is the primary source of base flow in this river at this time. 

• Both the Fitzroy and Mitchell Rivers show a decline in pool numbers at the end of the dry 
season.  This may be due to the disappearance of small pools, which cannot be 
sustained by groundwater flow at this time. 

• Many more pools form in the Fitzroy and Mitchell rivers than in the Daly River.  This is 
because flows are much lower for longer in the two former rivers and a greater 
groundwater contribution in the Daly River. 

• Most of the pools in all three rivers analysed are relatively small (~ 200 to 600 m in 
length) and the number of small pools generally increases as the dry season progresses. 

• There are reasonably good relationships between pool numbers or total pool area and 
flow, but the relationships are quite different for each river.  Some of these relationships 
may be useful for setting ecologically acceptable low flows, however, additional 
information on the response of key aquatic biota to pool characteristics is needed to 
quantify these thresholds. 
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3.3.5 FLOOD EXTENT AND WETLAND CONNECTIVITY 

RESULTS 

Model Calibration 

A comparison of water heights at four key locations (e.g. Fitzroy Crossing, Noonkanbah, Fitzroy 
Barrage and Looma) is shown in Figure 68, for the flood event in 2002.  The overall agreement 
between measured and simulated stage heights is fairly good except at Noonkanbah.  The 
matching of peak arrival at all four locations is good which confirms accurate prediction of the 
flood wave speed.   Figure 69 shows a typical comparison between simulated and MODIS 
detected inundated areas at: a) near peak inundation and b) recession stages of floods.  In the 
case of near peak flooding, it shows a reasonably good match alongside the Fitzroy River.  
However, a large number of water cells that appeared in the vicinity of the Margaret River were 
not visible in the Satellite image.  Possible reasons include the large pixel size of MODIS data 
(250 m grid), or the threshold value used to define a wet pixel.  Other reasons might include 
dense vegetation on land that potentially hides shallow water bodies.  

 

  

  

Figure 68.  Comparison between observed and model simulated stage heights at 4 stream 
gauge locations in the floodplain.  
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 Figure 69.  Comparison between model simulated and MODIS detected inundations in the 
central floodplain on (a) 27 Feb 2002 and (b) 8 Mar 2002. 

 

Inundation area 

Figure 70 shows a time series of inundation area covering the periods of rising, peak and falling 
stages.  MODIS detected inundation areas and a comparison with simulated inundations can be 
seen on the same figure. Simulated inundation areas are generally large, especially during the 
flood recession.  One of the reasons may be the poor representation of stream channels that 
leads to less flow through the channel thus increasing overbank flows.  This problem has been 
partly solved by lowering the elevation of stream grids.  It is also possible that MODIS detection 
could be poor due to cloud cover, or the MODIS large pixel size does not detect small water 
features.  We also identified the areas that were inundated for a day or more during the flood.  
Figure 71 is an example of such results, that also shows the maximum inundation depth for the 
entire simulation period (40 days).  Other than the Fitzroy, the Margaret River has large 
inundation areas on both river banks.  Flooding alongside of the major creeks is either small in 
area or low in depth.  
 

27 Feb 2002 27 Feb 2002 

8 Mar 2002 8 Mar 2002 

a) 

b) 
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Figure 70.  Comparison between simulated and Satellite (MODIS) detected inundation 

areas during the February-March 2002 flood (Note: all water cells in the river and on the 
floodplain are included in inundation calculation). 

 

 

 
Figure 71.  Simulated inundation area and maximum inundation depth across the 

floodplain for the flood event in 22 Feb- 5 Mar 2002.  Maximum depths were calculated 
using time series of 6 hourly water depths at each grid.  
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Inundation duration 

Duration of inundation is another ecologically important aspect of floods on wetland habitats.  It is 
mainly governed by the hydrological regime and partly by topography of the floodplain.  We used 
six hourly flood-depth information, derived from the HD model, to calculate inundation duration 
(e.g. Figure 72).  In general, duration of inundation is longer in the lower part of the floodplain, 
especially near Looma.  This is primarily due to flat land topography in this region compared with 
upper part of the floodplain.  Importantly, we note that inundation alongside of the Margaret River 
is very short, typically 2-3 days, even during a large flood in 2002.  

 

 
Figure 72.  A typical example of the spatial variation in inundation duration across the 

floodplain for the flood event in 2002.   

 

Wetland connectivity  

The summaries of connection timing and the duration of connection of the wetlands to the Fitzroy 
River are shown in Figure 73 for the flood events of 2002 and 2007.  As indicated previously, 
larger floods produce longer duration of flooding, and they also create longer duration of 
connectivity.  It shows 10 out of 30 wetlands did not connect to the river by overbank flows during 
the 2007 event, which was a relatively small flood (1.5 year ARI).  More wetlands, however, 
connected to the river during the larger 2002 flood event (14 year ARI).  Three wetlands (e.g. 
Peaceful Lagoon, Lake Daley and Sandhill Swamp) did not connect to the river during this large 
flood event.  The main reason is their location either on elevated land (e.g. Lake Daley) or great 
distance from the river (e.g. Peaceful lagoon).  It is interesting to note that Peaceful lagoon was 
not connected to the river during the 2002 flood but was connected during the smaller 2001 flood.  
This is caused by spatial variation in local runoff due to rainfall heterogeneity.  It can also be seen 
that Gumhole Billabong, which is located 26km from the river, still connects with it during floods. 
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This wetland is actually located on-stream in the Gumhole Creek (a tributary of the Fitzroy River), 
which often connects the river during the wet season.  In general, wetlands that are located in the 
lower part of the study area (i.e. in between Looma and Noonkanbah) experience longer 
connection with the river.  This is consistent with the duration of inundation as seen in Figure 72. 

Result also shows that flood events having more than one peak can produce much longer 
durations of connection even if the second peak is relatively small.  For example, the flood event 
in 2001 had two peaks (Figure 74) during which several wetlands connected continuously for over 
30 days, while other wetlands reconnected to the river after disconnection following the first peak. 

  

a) Flood 2007  

 
b) Flood 2002 

 
Figure 73.  Timing and duration of connectivity of wetlands to the Fitzroy River for floods 

of different magnitudes, a) 2007 flood (1.5 year ARI) and b) 2002 flood (14 year ARI). 
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Figure 74.  Connectivity behaviour for an event having two flood peaks (flood 2001, see 

Figure 37). 

 

CONCLUSIONS  

This study of hydrological connectivity in the Fitzroy catchment has demonstrated how a 
hydrodynamic model can be used to quantify connectivity between floodplain wetlands and the 
main river channel.  This method can be used to derive the timing, duration and frequency of 
connectivity of a range of wetlands on the floodplain.  The duration of wetland connectivity ranges 
from 1 to 40 days per flood and is not only related to distance from the main river channel, but 
also the topography between the wetland and river.  Some wetlands connect in relatively small 
and frequent floods and others only connect in much larger, less frequent floods.  Wetlands in the 
lower part of the floodplain tend to have greater connectivity because of the longer duration of 
inundation in this area.  It should also be noted that spatial variability in rainfall (and thus runoff) 
can influence the connectivity status of individual wetlands. 

The study provides an overview of the connectivity status for the major wetlands in the Fitzroy 
floodplain.  The information could be useful to future studies on (i) movement and recruitment 
patterns of fish during floods (ii) wetland habitat characteristics and (iii) biodiversity of individual 
wetlands.  
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3.4 OVERALL CONCLUSIONS AND RECOMMENDATIONS 

REVIEW OF BROAD SCALE SURFACE-GROUNDWATER INTERACTIONS IN NORTHERN 
AUSTRALIA INCLUDING THE DAMPIER PENINSULA IN WESTERN AUSTRALIA. 

 

1. Groundwater information is very scarce across northern Australia and for most of the 
region it is therefore only possible to make broad scale assessments of groundwater 
resources and their recharge by surface drainage.  Preliminary estimates of diffuse 
recharge rates range between < 1 mm yr-1 and > 200 mm yr-1; with the lowest rates in the 
most arid regions with vertisol soils and annual grasses (e.g., much of the Flinders-
Leichhardt region), and the highest rates generally associated with wet tropic climates 
and more permeable soil types. 

2. Across northern Australia, typically more than 90% of annual rainfall and runoff occurs 
during the wet season and during this period groundwater recharge occurs via a 
combination of diffuse infiltration of rainfall, floodplain inundation and leakage from losing 
streams and rivers.  In the subsequent dry season, river flows recede rapidly and the 
majority of surface water features cease to flow or even dry completely before the 
following wet season.  There are, however, several iconic perennial rivers in northern 
Australia that rely on significant groundwater input (up to 50%) through the dry season – 
notable inclusions are the Daly River and Roper River (NT), the Fitzroy River (WA) and 
many of the rivers on Cape York peninsula (QLD).  Other regions where dry season flows 
are dependent on groundwater include the Kimberley, Ord-Bonaparte, Arafura, Northern 
Coral region and the South-West & South-East gulf regions. 

3. Potential changes in annual diffuse groundwater recharge due to climate change (relative 
to modelled historical recharge) are predicted to vary from + 39% to - 5%.  In terms of 
surface water features that are dependent (to some extent) upon groundwater discharge, 
the impacts of climate change will be more immediate to those which are fed by shallow, 
local unconfined aquifers (e.g. the Flinders-Leichhardt, Mitchell and Kimberley regions).  
Conversely, the impacts of climate change will be delayed for surface water features that 
are fed by deep, regional aquifers (e.g. the Daly and Fitzroy regions).  In some areas with 
significant levels of current groundwater extraction (e.g. the Darwin Rural Area), despite 
increases in diffuse recharge under a future climate, groundwater levels are likely to 
continue to decline and may threaten a number of groundwater dependent ecosystems in 
the area. 

4. Development impacts on groundwater have only been estimated in very few locations.  
For example, in the Daly catchment with the high degree of interconnection between the 
Daly River and the adjacent aquifers, the greatest impacts to groundwater resources from 
increased development will occur in parts of aquifers that are distal to the rivers; that is, 
groundwater extraction will lead to large drawdown of water levels in the aquifers that 
cannot be mitigated through increased leakage from the rivers. 
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5. From the brief review of the groundwater characteristics of the Dampier Peninsula in 
Western Australia, it is clear that many of the springs in this Peninsula are fed by 
groundwater and there are several possible mechanisms by which this occurs.  Progress 
in identifying which mechanisms apply to which springs could be made by (i) collating and 
analysing the disparate groundwater information associated with a number of production 
and observation bores on the Peninsula and (ii) the collection of water samples from the 
springs for hydro-chemical identification of the source aquifers. 

 

Recommendations 

Despite a broad general knowledge of the locations of significant groundwater discharge to rivers 
and streams in northern Australia, there are several fundamental knowledge gaps around the 
nature of interactions in complex geological environments, and how these systems will respond to 
potential future climate change and increased water resource development.  Specific examples 
that warrant focussed research include: 

 

• mound Spring ecosystems on the Dampier Peninsula; 

• ʻrejected rechargeʼ and artesian springs from the Great Artesian Basin that    sustain dry 
season flows in rivers on Cape York Peninsula; and 

• spring-fed rivers in carbonate aquifers of the South East Gulf region. 

 

REVIEW OF THE SURFACE WATER REGIMES IN KEY QUEENSLAND CATCHMENTS. 

 

1. The Queensland rivers (Leichhardt, Flinders, Gilbert and Mitchell) are highly seasonal 
and dominated by rainfall and flows that occur during the wet season.  These rivers are 
also prone to flooding in the wet season, but they also have long periods of zero flow in 
the dry season. 

2. The (theoretical) implementation of full use of existing water allocation entitlements in 
these Queensland rivers will generally increase the number of zero flow days experienced 
along the river, especially in the Leichardt catchment.  However, the impact on high flow 
threshold exceedence is much smaller, and again the Leichhardt catchment appears to 
be the only one with significant reductions in high flows under development. 

3. The greatest impact on river system flows under full development will be felt in the 
Leichhardt River, where abstractions would increase the naturalised loss of flow in the 
river by 43%.  The equivalent figures for the other Queensland rivers are; Flinders (11%), 
Gilbert (5%) and Mitchell (5%). 

4. Any climate change in the region will bring additional perturbations to the flow in these 
rivers and these are summarised in the section below. 
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Recommendations 

• Much of the gauged river flow data in northern Australia is too poor in quality or based on 
too short a duration of observations for accurate discharge estimation, especially at high 
and low flows (Petheram et al., 2009b).  This is why we were unable to provide any 
reliable flow analysis for the Norman River. Substantial effort is required to (a) sustain and 
enhance current gauging stations in northern Australia and (b) carry out rigorous flow 
calibration, particularly at high and low flows. 

• The river modelling and climate and development scenarios for Queensland are different 
from those used in other regions in northern Australia.  It is therefore recommended that 
future modelling of runoff be undertaken using a consistent and robust set of methods 
and scenarios. 

• In Queensland (and other regions in northern Australia) there is no comprehensive 
information on current levels of actual water use (rather than entitlements and/or permits).  
Further effort is therefore required to establish what current water use levels are in order 
to assess current and future ecological impacts. 

 

HYDRO-ECOLOGICAL LINKAGES AND HOW THESE MAY BE AFFECTED BY CLIMATE 
CHANGE AND/OR DEVELOPMENT. 

1. Stream flow in northern rivers is extremely seasonal with the vast majority (> 90 percent) 
of total annual flow occurs during the wet season months (November to April).  The 
aquatic ecosystems that are dependent on these river flows are likely to have adapted to 
the prevailing conditions, responding to both wet season high flows and the long dry 
season low flows.  

2. There is a general lack of quantitative relationships between flow and specific ecological 
flora and fauna in the NAWFA reporting area.  As a result the consequence of flow 
changes on ecological systems is largely unknown.  The few existing site-specific 
thresholds used here demonstrate the value of such information and resources for 
development of more of these thresholds and associated relationships are best targeted 
at areas containing high priority ecological assets that may come under significant 
development pressure. 

3. In the absence of species specific thresholds, standard metrics, derived solely from the 
river flow regime, provided useful guideline information and have the advantage that they 
enable comparisons within and between regions.  The selected metrics relate mainly to 
the high and low flow conditions, which are important drivers of floodplain and in-stream 
ecosystem structure and processes in northern Australia. 

4. In general, exceedence of high and low flow thresholds in most northern rivers under 
future climate scenarios are quite large and likely to have a significant impact on 
associated aquatic biota.  The implementation of additional development water 
entitlements in Queensland can exacerbate the climate impact, but the relatively modest 
development water requirements reported for NT and WA developments do not usually 
add much further impact on high and low river flows.  
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5. For locations where both site specific and standard metrics were available it was found 
that the standard metrics adequately reflected the directions (and to some degree 
magnitude) of potential change derived for the site specific metrics. 

6. Low flows under dry climate change scenarios are likely to be altered significantly.  Some 
areas are likely to experience considerable increases in the duration of low and zero 
flows, which may have major ecological impacts.  Combining climate change with 
development pressures can exacerbate changes to low flow conditions. 

7. Flooding is an important factor that sustains many environmental assets by providing 
connectivity across the floodplain and facilitating migration.  Under dry climate change 
scenarios flood frequency can be reduced greatly and this may have impacts on provision 
of habitat and breeding grounds.  Under wet climate change conditions flooding may 
become much more frequent and this could have both positive and negative impacts 
depending on flow requirements of different species. 

 

Recommendations 

• Where specific high priority aquatic biota may be at risk from climate change and/or 
development pressure, studies need to be carried out to quantify the relationship between 
the species in question and key aspects of the river flow regime that it is dependent on. 

• Despite the fact that there are large areas of groundwater dependant ecosystems in 
northern Australia there are no known locations with quantitative groundwater related 
ecological metrics.  Further monitoring of the interactions between groundwater level and 
the functioning of ecosystems is therefore recommended.  The work described below on 
dry season pools that are sustained by groundwater is a good example of such 
monitoring. 

• It is also worth noting that any change in river flow is likely to result in changes to water 
quality including sediment and nutrient loads, water temperature and dissolved oxygen 
levels.  These changes in turn may also affect productivity and habitat quality and as such 
should be carefully considered in future investigations. 

 

A REMOTE SENSING STUDY OF IN-STREAM POOLS AS ECOLOGICAL REFUGIA. 

1. In the Fitzroy River the preceding wet season affects the rate at which pools form in the 
early dry season, but the late dry season pool number is insensitive to wet season flow.  
This implies that groundwater is the primary source of base flow in this river at this time. 

2. Both the Fitzroy and Mitchell Rivers show a decline in pool numbers at the end of the dry 
season.  This may be due to the disappearance of small pools which cannot be sustained 
by groundwater flow at this time. 

3. Many more pools form in the Fitzroy and Mitchell rivers than in the Daly River.  This is 
because (i) flows are much lower for longer in the two former rivers and (ii) there is a 
greater groundwater contribution in the Daly River. 
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4. Most of the pools in all three rivers analysed are relatively small (~ 200 to 600 m in 
length) and the number of small pools generally increases as the dry season progresses. 

5. There are reasonably good relationships between pool numbers or total pool area and 
flow, but the relationships are quite different for each river.  Some of these relationships 
may be useful for setting ecologically acceptable low flows, however, additional 
information on the response of key aquatic biota to pool characteristics is needed to 
quantify these thresholds. 

 

Recommendations 

• The accuracy of the pool numbers and size (especially of small pools) determined using 
the relatively coarse LandSat data (30m) needs to be assessed.  This can be done by 
comparing the LandSat results with those derived using higher resolution imagery (e.g. 
Ikonos) and/or ground survey.  

• The current analysis of the LandSat data gives useful information on the total number of 
pools in a river reach, however, further analysis is recommended to determine the rates of 
production and loss of specific pools along a river reach.  This will help identify the 
locations of specific pools that may be of local significance (both ecologically and 
culturally) as well as confirming whether the loss of small pools occurs throughout the dry 
season, or only towards the end of it. 

• It may also be possible to determine pool (surface) temperatures using LandSat data and 
it is recommended that this be investigated as a means of assessing how the suitability of 
pool habitats evolves as the dry season progresses.  Additional information on the 
response of key aquatic biota to pool characteristics (size, depth, temperature) is needed 
to quantify thresholds above or below which undesirable ecological impacts occur. 

 

PREDICTION OF FLOOD EXTENT AND ASSOCIATED WETLAND CONNECTIVITY. 

1. We have demonstrated how a hydrodynamic model can be used to quantify connectivity 
between floodplain wetlands and the main river channel.  This method can be used to 
derive the timing, duration and frequency of connectivity of a range of wetlands on the 
floodplain. 

2. In the Fitzroy catchment, the duration of wetland connectivity ranges from 1 to 40 days 
per flood and is not only related to distance from the main river channel, but also the 
topography between the wetland and river.  Some wetlands connect in relatively small 
and frequent floods and others only connect in much larger, less frequent floods.  
Wetlands in the lower part of the floodplain tend to have greater connectivity because of 
the longer duration of inundation in this area.  

3. The study provides an overview of the connectivity status for the major wetlands in the 
Fitzroy floodplain.  The information could be useful to future studies on (i) movement and 
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recruitment patterns of fish during floods (ii) wetland habitat characteristics and (iii) 
biodiversity of individual wetlands. 

 

Recommendations 

• The current hydro-dynamic flood simulations tend to hold water on the floodplain for 
longer than is detected at stream gauges or in remotely sensed flood images.  Further 
analysis is therefore needed to see if the fault lies entirely within the hydro-dynamic model 
and if so, a solution derived. 

• Hydro-dynamic models are costly and time consuming to set up and so an alternative 
method for quantifying wetland connectivity should be investigated.  Potential options 
include the use of remotely sensed flood area and relating this to gauged river flow. This 
method could be tested in catchments where hydro-dynamic models already exist, e.g. 
the Fitzroy in Western Australia and the Tully-Murray catchments in Queensland. 

• Further information is required on the role of flood pulse connectivity on a number of 
important ecological responses such as fish migration and recruitment between and 
within individual wetlands. 
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 LIKELY IMPACTS OF CLIMATE CHAPTER 4
CHANGE AND DEVELOPMENT ON THE ASSETS 
 

4.1 INTRODUCTION 

Relative Risk Modeling (RRM) is a robust methodology that incorporates spatial variability at a 
large scale to examine the interaction of multiple threats to habitats, and their effects (impacts) on 
assessment endpoints.  The method has been shown to direct the focus of investigative studies, 
data collection and the decision making process (Landis and Wiegers, 1997).  Relative risk 
estimates are determined by combining source and habitat ranks for the specific regional 
catchments under assessment.  These risks are relative and cannot be used to compare against 
other risk regions outside the application of the model.  In the process, risk characterisation 
results in a comparison of risk estimates among sub-regions, sources, habitats and endpoints to 
identify: the sub-regions where most risk occurs; the sources contributing the most risk; the 
habitats where most risk occurs; and the ecological assets most at risk in the study area (Hayes 
and Landis, 2004). 

Advantages of the RRM as suggested by Landis and Wiegers (1997) include: few assumptions 
are required; the impacts of ranking decisions upon the final outcome can be examined by 
quantifying uncertainties in rankings via a sensitivity analysis; rule driven approaches can be 
easily incorporated into the ranking system; and the rankings are testable hypotheses.  

This Chapter assesses the likely impacts of development and climate change on ecological 
assets identified for the Northern Australia Aquatic Ecological Assets Project (See Chapter 1).  
The assessment was undertaken using two different but complementary approaches in the 
application of the Relative Risk Model (RRM) developed by Bartolo et al. (2012).  Each approach 
addresses different complex pathways and assessment endpoints to the same development and 
climate change threats.  This Chapter is therefore divided into two sections.  

Section 4.3.2 builds on the previous Relative Risk Models (RRM) for assessing ecological risk to 
aquatic ecological assets, undertaken as part of the Tropical Rivers Inventory and Assessment 
Project - TRIAP (Bartolo et al., 2012; 2008).  This assessment uses a semi-quantitative, multiple 
threat-asset approach to identify relative risks to regions, catchments and assessment endpoints.  
Section 4.4 reports results using an enhanced quantitative version of the original RRM, using 
standard exposure-effect risk probabilities (c.f. ranks), allowing risk profiles to be developed and, 
hence, uncertainty and sensitivity analyses to be undertaken.  The approaches used here are 
high resolution (6,393 sub-catchments) and incorporate the extensive body of new data produced 
by the previous NAWFA project (hereafter NAWFA1; Kennard, 2010).  An attempt was made to 
differentiate the two effects operating at different time-scales and, therefore potentially, at different 
levels of interaction across the landscape.  This approach provides an opportunity also to 
undertake a detailed comparison of both RRMs approaches (i.e. a comparison between semi-
qualitative/quantitative & quantitative), as there will be advantages and disadvantages in using 
either method.  



NAWFA: Climate change and development risks in northern Australian aquatic ecosystems 
 

 
Page 188:  Tropical Rivers and Coastal Knowledge Report 

4.2 GENERAL APPROACH 

A workshop was held in Darwin in April 2011 (Bayliss, Bartolo, Kennard & Close) to determine 
how the Relative Risk Model (RRM) developed as part of the TRIAP could be updated and 
improved for application to the current project.  The RRM comprises the key assessment tool for 
climate change (sea level rise) and development risks to aquatic ecological assets across 
northern Australia, particularly HCVAE assets identified in the previous NAWFA1 project 
(Kennard, 2010).  It was agreed at this workshop to update the TRIAP RRM with more recent 
ecological assets and threats data, to significantly enhance the methodology, and to undertake 
the RRM analyses at a finer spatial resolution (i.e. sub-catchments nested within river basins). 
The architecture of the RRM was therefore made more robust with respect to model and data 
uncertainties by incorporating more quantitative procedures (see modified RRM risk definition 
below), whilst at the same time still retaining its ability to rank and easily identify the most 
significant risk factors for further analysis.  The RRM concept was therefore revised to: 

 

• Assess and report risks at finer spatial scales in addition to basins/catchments. For 
example, by using the sub-catchment units (or planning units) developed by Kennard 
(2010) the spatial resolution was increased from 51 river basins (TRIAP) to 6,393 sub-
catchments; 

• Include spatially-explicit “surrogate” threat data based on River Disturbance Indices (Stein 
et al., 2002) updated to 2010 or most recent; 

• Include a sea level rise scenario (1m projection at 2100); 

• At the focus catchment scale, include development scenarios from Chapter 4 of the 
Taskforce Science Review; 

• At the focus catchment scale, examine the interaction between multiple stressors, on 
selected assets and, hence, potentially their cumulative effects.   

• Using the predictive species distribution models developed in the previous NAWFA1 
project (Kennard, 2010), assess whether or not they can be intersected at a sub-
catchment scale with both development and climate change (primarily sea level rise) risks 
to identify those aquatic system assets and species most at risk from these threats. 

 

Hence, the existing TRIAP RRMs were “revised” with more quantitative assessment methods that 
were amenable to uncertainty analysis and the incorporation of model outputs into Bayesian 
Belief Networks (BBNs) for integration with other components of this project for future scenario 
simulations and transparent communication with end-users or stakeholders.  To this end, the task 
has been split into two: (i) update the RRM used in the TRIAP project incorporating updated land 
use and non-land use information (Section 4.3.2); and (ii) revise the RRM to make it quantitative 
and incorporate the asset and threat layers generated by Kennard (2010) in the previous 
NAWFA1 Ecological project (Section 4.4). 
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The RRMs were applied at the following spatial scales because of the possibility of scalar effects: 
(i) across northern Australia; (ii) at the catchment scale for identified focus catchments, and; (iii) in 
the Finniss River, South Alligator River and Norman River study basins.  

 

4.2.1 BACKGROUND – PREVIOUS ASSESSMENTS 
The risk assessment reported here (hereafter NAWFA2) draws on methodologies and data from 
the previous water resource projects in northern Australia (Table 25).  

 
Table 25.  Summary of previous water resource projects undertaken in northern Australia. 
Related Project Relationship to this project 

The Wild Rivers Project (Stein et al.  1998, 2001, 
2002). 

Provides catchment & flow regime disturbance 
indices (updated in 2010 as part of NAWFA1) as 
overall surrogates of development threats (to both 
NAWFA1 & NAWFA2, see below).  

Northern Australia Aquatic Ecological Assets 
Project – NAWFA, Griffith University (Kennard 
2010, 2011). 

Will inform asset and threat selection for this project 
and provides relevant GIS layers to the project on 
the distribution of aquatic ecosystem types, 
freshwater-dependent species and indices of river 
disturbances due to catchment land use land water 
development within catchments. This project is 
referred to as NAWFA1. 

Northern Australia Sustainable Yields (NASY) 
Study (CSIRO 2009). 

Will inform possible climate scenarios as a result of 
climate change (not related to sea level projections). 

Tropical Rivers and Inventory and Assessment 
Project (TRIAP). 2006. 

Provides an assessment of the major pressures on 
aquatic ecosystems and the spatially-explicit 
Relative Risk Model (RRM, Bartolo et al. 2012) 

Northern Australia Land and Water Taskforce 
Science Review (NALWTF 2009). 

Outlines the development likely to occur in northern 
Australia. Chapter 3, Aquatic ecosystems of 
northern Australia, provides information on the 
values of, and threats facing aquatic ecosystems in 
northern Australia. 

 

4.3 UPDATING THE RELATIVE RISK MODELS  

The aim of this component was to update the RRM for northern Australia by expanding the 
previous work from 51 catchments to 62 catchments (thereby incorporating the North-east 
Catchments Drainage Division) and to focus on a catchment (the Finniss River catchment) where 
climate change impacts (primarily potential sea level rise) may affect land use.  Unlike the TRIAP, 
where sub-catchments were the risk regions for the focus catchment (Daly River catchment), 
planning units (as defined by Kennard et al., 2010) were used as risk regions for the Finniss River 
catchment.  Where possible, the spatial data input into the RRM were updated. 

 

4.3.1 APPROACH  
This section provides definitions of terms used in the ecological risk assessment process 
adopted, the staged methodology applied to both northern Australia and the Finniss River 
catchment, and a summary of the spatial data used.  
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DEFINITIONS 

It is important to precisely define components of the ecological risk assessment to reduce 
linguistic uncertainty. Table 26 provides the definitions of terms used in this ecological risk 
assessment (Bartolo et al., 2008). 

 
Table 26. Definitions of terms used in the ecological risk assessment. 

Term Definition 
Riparian zones Any land that adjoins or directly influences a body of water, including: the 

land immediately alongside small creeks and rivers, including the river 
bank itself; gullies and dips which sometimes run with water; areas 
surrounding lakes; and wetlands and river floodplains which interact with 
the river in times of flood. (Price and Lovett 2002:1). 

Habitat A group of ecological assets or entities at the regional scale. E.g. Tropical 
waterway-includes threatened aquatic species, riparian vegetation 
community 

Risk region Sub-area of the region being assessed. For the Northern Tropical Rivers 
the risk regions are defined based on river basins (catchments) and for 
the Daly River catchment risk regions are defined based on sub-
catchments. 

Land clearing Clearing is defined as all areas where ʻnativeʼ vegetation has undergone 
any land cover change due to removal by mechanical or chemical means, 
but not including the removal of vegetation by grazing animals (Northern 
Territory Government). 

 

The RRM methodology adopted in this project is similar to that outlined in Walker et al. (2001) and 
Obery and Landis (2002).  The methodology includes the following steps, and the approach, as 
described by Landis and Weigers (2005), is shown in Figure 75: 

 

1. Determining the Ecological Assessment Endpoints (assets) based on stakeholder input; 

2. Describing the habitats to be examined; 

3. Determining the sources of threats; 

4. Creating a spreadsheet of the conceptual model for ranking purposes; 

5. Identifying and creating risk areas; 

6. Ranking of threats based on a 2-point scheme (0, 2, 4, 6); 

7. Ranking of habitats based on the proportion of a particular habitat within a risk region;  

8. Relative risk calculations; 

9. Risk characterisation; and 

10. Sensitivity Analysis and Uncertainty Analysis. 
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Figure 75.  Flowchart of Relative Risk Model methodology. 

 

PROBLEM FORMULATION 

This component of the risk assessment involves the collation of existing information to determine 
the nature of the issue or problem.  

 

Risk Regions 

Northern Australia 

The northern Australia study area encompasses 62 river basins located in the north Australian 
coastal environment and covers approximately 1 250 000 km2 as shown by Figure 76.  The 
streams located within the Northern Tropical Rivers can be categorised as being perennial, 
seasonal, dry seasonal, or seasonal-intermittent based on selected hydrological variables 
(Moliere et al., 2006).  

The complexities of land tenure and the increasing pressure on the region due to the impacts of 
the drought in the agricultural regions of southern Australia are detailed in Bartolo et al. (2008). 
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Figure 76.  The northern Australia study area. 

 

Finniss River Catchment 

The Finniss River Catchment is located in the ʻTop Endʼ of the Northern Territory.  It 
encompasses approximately 9 975 km2, as shown by Figure 77, and is the most populated 
catchment in the Top End.  The major population centre within the catchment is Darwin and the 
associated rural area.  The dominant land use type is grazing of natural vegetation followed by 
transport and communications and grazing modified pastures. 

Ecological Assessment Endpoints 

Ecological Assessment Endpoints (EAE) are defined by the US EPA (1998:28) as ʻexplicit 
expressions of the actual environmental value that is to be protected, operationally defined by an 
ecological entity and its attributesʼ.  The process for selecting ecological assessment endpoints in 
the context of this project is outlined by Bartolo et al. (2008). 

The RRM approach applied here uses the EAEs from Bartolo et al. (2008).  The defined 
assessment endpoints for both RRM scales are similar: maintenance of flow regime; water quality 
to meet or exceed a specified standard; maintenance of extent and health of riparian vegetation; 
and maintenance of biodiversity.   
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Figure 77.  Finniss River catchment. 

 

Habitats 

A habitat is defined as a group of receptors at the regional level (Landis and Weigers, 1997).  A 
ʻhabitatʼ in this project is defined as a group of ecological ʻassetsʼ or ʻentitiesʼ at the regional scale.  

Habitats were selected that directly relate to tropical rivers and that have spatial data that are 
readily accessible.  These data sources are summarised further in Table 27 and Table 28.  The 
three habitats selected for the two RRM scales were: 

 

• Waterways – defined as a natural channel along which water may flow from time to time 
with a minimum size criteria of 2 500 metres (GEODATA TOPO 250K); 

• Riparian vegetation – vegetation communities that exist in the riparian zone as defined 
in Table 26; 

• Wetlands – are defined in congruence with the Ramsar Convention (1971) except for the 
marine component (“marine water depth at which low tide does not exceed six metres”). 
The definition adopted in this project based on the Ramsar Convention (Article 1.1) 
includes (Ramsar Convention Secretariat, 2006); 

• “areas of marsh, fen, peatland or water, whether natural or artificial, permanent or 
temporary, with water that is static or flowing, fresh, brackish or salt within the landward 
zone of the coastline.”. 

 

The spatial data used to represent wetland habitats according to the above definition were 
represented by the GEODATA TOPO 250K Series 3 dataset.  The data are composed of the 
following features and sub-types:  
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• Flats 

• Land subject to inundation – Low lying land usually adjacent to lakes or 
watercourses, which is regularly covered with flood water for short  periods. 

• Marine swamp –  That low lying part of the backshore area of tidal waters, usually 
immediately behind saline coastal flat, which maintains a high salt water content, 
and is covered with characteristic thick  grasses and reed growths. 

• Saline coastal flat – That nearly level tract of land between mean high water and 
the line of the highest astronomical tide. 

• Swamp – Land which is so saturated with water that it is not suitable for agricultural 
or pastoral use and presents a barrier to free passage. 

• Lake - A naturally occurring body of mainly static water surrounded by land. 

• Reservoirs 

• Town Rural Storage – A body of water collected and stored behind a constructed 
barrier for some specific use (with the exception of Flood Irrigation Storage).  

• Flood Irrigation Storage – A body of water collected and stored behind a 
constructed barrier for the specific use of Flood Irrigation Farming. 

• Watercourse – A natural channel along which water may flow from time to time. 

• Rapid Areas – An area of broken, fast-moving water in a watercourse, where the 
slope of the bed increases (but without a prominent break of slope which might 
result in a waterfall), or where the water passes an outcrop of harder rock. 

• Pondage Areas 

• Aquaculture Area – Shallow beds, usually segmented by constructed walls, for the 
use of aquaculture. 

• Salt Evaporator – A flat area, usually segmented, used for the commercial 
production of salt by evaporation. 

• Settling Pond – Shallow beds, usually segmented by constructed walls, for the 
treatment of sewage or other wastes. 

• Mangroves - a dense growth of mangrove trees, which grow to a uniform height on mud 
flats in estuarine or salt waters.  The land upon which the mangrove is situated is a nearly 
level tract of land between the low and high water lines (GEODATA TOPO 250K). 

• Waterholes (Finniss River catchment scale only) - a natural depression which holds 
perennial water, within a non-perennial watercourse or a non-perennial lake (GEODATA 
TOPO 250K). 

 

Threats 

The process for identifying threats was the same as that for defining ecological assessment 
endpoints (threats taken from Bartolo et al, (2008) and project workshop).  Inclusion of a threat in 
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applying the RRM was based on whether or not there were spatial data of a suitable nature 
readily available.  Given the suitability of spatial datasets for application in the RRM approach, the 
following threats were included in the model: 

 

Northern Australia 

• Land use; 

• Potential sea level rise impacts; 

• Mining; and 

• River Disturbance Index 

 

Finniss River Catchment 

• Land use; 

• Land clearing; 

• Mining; 

• Potential sea level rise impacts; and 

• River Disturbance Index 

 

The potential impacts of these threats on the ecological assets of tropical rivers are 
comprehensively discussed in Bartolo et al. (2008). 

Table 27 provides a definition of each of the threats alongside their percentage areal cover at the 
two scales.  Land use is further divided into secondary classes derived from the Australian Land 
Use and Management (ALUM)  classification (Bureau of Rural Sciences, 2010).  These secondary 
classes include: cropping; grazing modified pastures; grazing natural vegetation; intensive animal 
production; intensive horticulture; irrigated agriculture; manufacturing and industrial; residential; 
services; transport and communications; utilities; and waste treatment and disposal.  The 
amalgamation of the Catchment Scale Land Use Mapping for Australia (CLUM) spatial data, and 
the source of spatial data for each of the threats at the two scales, are discussed further later in 
this section. 
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Table 27. Definition of spatial data used to represent threats and areal percentage of cover 
for both the Northern Australia and the Finniss River Catchment. 

Threat Description % of Finniss 
River 
Catchment 

% of Northern 
Australia 

Cropping Land under cropping. Land under 
cropping at the time of mapping may 
be in a rotation system so that at 
another time the same area may be, 
for example, under pasture. Land in a 
rotation system should be classified 
according to the land use at the time of 
mapping. Cropping can vary markedly 
over relatively short distances in 
response to change in the nature of 
the land and the preferences of the 
land manager. It may also change over 
time in response to market conditions. 
Fodder production, such as lucerne 
hay, is treated as a crop as there is no 
harvesting by stock. 

1% <0.5% 

Grazing modified 
pastures 

Pasture and forage production, both 
annual and perennial, based on a 
significant degree of modification or 
replacement of the initial native 
vegetation. Land under pasture at the 
time of mapping may be in a rotation 
system so that at another time the 
same area may be, for example, under 
cropping. Land in a rotation system 
should be classified according to the 
land use at the time of mapping. 

0.7% <0.5% 

Grazing natural 
vegetation 

Land uses based on grazing by 
domestic stock on native vegetation 
with limited or no attempt at pasture 
modification. Some change in species 
composition will have occurred, but the 
structure of the native vegetation type 
will be essentially intact. 
 

13% 65% 

Intensive animal 
production 

Agricultural production facilities such 
as feedlots and piggeries may be 
included as Tertiary classes. 

<0.5% <0.5% 

Intensive 
horticulture 

Intensive forms of plant production. <0.5% <0.5% 

Irrigated 
agriculture 

This class includes agricultural land 
uses where water is applied to 
promote additional growth over 
normally dry periods, depending on the 
season, water availability and 
commodity prices. It includes land that 
receives only one or two irrigations per 
year, as well as areas that rely on 
irrigation for much of the growing 
season. Land parcels should be 
assigned to this class if infrastructure 
for irrigation is located in the parcel, 
although the land may be temporarily 
unused or put to  alternative uses such 
as livestock grazing. 

<0.5% <0.5% 
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Threat Description % of Finniss 
River 
Catchment 

% of Northern 
Australia 

Land clearing Clearing is defined as all areas where 
ʻnativeʼ vegetation has undergone any 
land cover change due to removal by 
mechanical or chemical means, but 
not including the removal of vegetation 
by grazing animals. 

9.6% N/A 

Manufacturing & 
Industrial 

Factories, workshops, foundries, 
construction sites etc. This includes 
the processing of primary produce e.g.  
sawmills, pulp mills, abattoirs, etc. 

<0.5% <0.5% 

Mining  NA NA 
Residential Land used for residential purposes. <0.5% <0.5% 
River 
Disturbance 
Index 

 NA NA 

Sea Level Rise Wetland areas within tidal influence 
and below 1m in elevation 

3.4% 
13.7% of 
wetland 
habitat 

<1% 
12% of 
wetland 
habitat 

Services Land allocated to the provision of 
commercial or public services resulting 
in substantial interference to the 
natural environment. 

<0.5% <0.5% 

Transport & 
communications 

Includes the following tertiary classes: 
airports /aerodromes; roads; railways; 
navigation & communication. 

1.4% <0.5% 

Utilities Includes the following tertiary classes:  
Electricity generation/transmission- 
Coal-fired, gas-fired, solar-powered,  
wind powered or hydroelectric power 
stations, sub-stations, powerlines, etc 
Gas treatment, storage and 
transmission -Facilities associated with 
gas production and supply. 

<0.5% <0.5% 

Waste treatment 
& disposal 

Waste material and disposal facilities 
associated with industrial, urban and 
agricultural activities. 

<0.5% <0.5% 

 

Spatial data representing habitats and threats 

This section describes the spatial data used as input to the RRM application.  Spatial data used to 
represent pressures/threats and habitats for the northern Australia and the Finniss River risk 
regions are outlined in Table 28 and Table 29, respectively.  

 

Land Use Mapping data 

Land use data were derived from catchment scale data (1:25,000-1:250,000) collected under the 
Australian Collaborative Land Use Mapping Program (ACLUMP).  Land use data were selected 
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from the following jurisdictional datasets across northern Australia and for the Finniss River 
catchment: Land Use in Queensland (1999); Land Use Mapping of the Northern Territory (2008); 
and Land Use in Western Australia (1997).  

The catchment scale land uses are classified using the Australian Land Use and Management 
(ALUM) classification.  The land use types listed in Table 28 and Table 29 were extracted from 
the catchment scale data at the secondary class level.  

A number of secondary classes were aggregated in applying the RRM.  Irrigated plantation 
forestry, irrigated modified pastures, irrigated cropping, irrigated perennial horticulture and 
irrigated seasonal horticulture were aggregated into a class named ʻirrigated agricultureʼ.  
Perennial horticulture, seasonal horticulture and intensive horticulture were aggregated into a 
class named ʻhorticultureʼ. 
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Table 28. Pressures/threats and habitats, measurement unit, GIS representation and 
source of data for spatial information used for northern Australia 

Pressure/Threat Unit GIS Representation Source of Data 

Land Uses: 
1. Cropping  
2. Grazing Modified 
Pastures 
3. Grazing Natural 
Vegetation 
4. Intensive Animal 
Production 
5. Intensive Horticulture 
6. Irrigated Agriculture 
7. Manufacturing & 
Industrial 
8. Residential 
9. Services 
10. Transport & 
Communications 
11. Utilities 
12. Waste Treatment & 
Disposal 

Hectares Polygon Extract of  Catchment Land Use Mapping 
for Australia (Update March 2010) dataset. 
This dataset contains land use classes 
allocated in accordance with the “Australian 
Land Use and Management Classification 
(ALUMC)”. 
Source: Bureau of Rural Sciences. 

Mining Frequency Point MINOCC (Queensland MINeral 
OCCurrence) -2005,  Mineral Occurrence 
Database (MODAT) 2011, and MINEDEX 
2010. Includes abandoned mine, mineral 
occurrence and prospect status. 
Source: Geological Survey of Queensland, 
Northern Territory Geological Survey, and 
Geological Survey of Western Australia. 

River Disturbance Index Index Line Source: Stein et al (2001) 

Sea Level Rise Hectares Polygon Dataset derived from Shuttle Radar 
Topography Mission (SRTM) 3 arc-seconds 
elevation data and GEODATA TOPO 250K 
Series 3 wetland data. 
Source: Geoscience Australia 

Habitat 

Mangrove Communities Hectares Hectares GEODATA TOPO 250K Series 3 
Source: Geoscience Australia 

Riparian Vegetation 
Communities 

Hectares Hectares Extract of Queensland National Vegetation 
Information System (NVIS Version 4.1),  
Northern Territory NVIS 2005, and Pre-
European Vegetation-Western Australian 
(NVIS Complient Version) 2005. 
Source: Queensland Herbarium 
(Environmental protection Agency), NT 
Department of Natural Resources 
Environment and the Arts, and Western 
Australia Department of Agriculture. 

Wetlands Hectares Polygon GEODATA TOPO 250K Series 3 (the 
following feature classes: flats, lake, 
watercourse, reservoirs, rapid areas, 
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Pressure/Threat Unit GIS Representation Source of Data 
pondage areas and native vegetation 
areas). 
Source: Geoscience Australia 

Waterways Index Line GEODATA TOPO 250K Series 3 
Source: Geoscience Australia 

 
Table 29. Pressures/threats and habitats, measurement unit, GIS representation and 

source of data for spatial information used for the Finniss River catchment. 

Pressure/Threat Unit GIS Representation Source of Data 

Land Uses: 
1. Cropping  
2. Grazing Modified 
Pastures 
3. Grazing Natural 
Vegetation 
4. Intensive Animal 
Production 
5. Intensive Horticulture 
6. Irrigated Agriculture 
7. Manufacturing & 
Industrial 
8. Residential 
9. Services 
10. Transport & 
Communications 
11. Utilities 
12. Waste Treatment & 
Disposal 

Hectares Polygon Extract of  Catchment Land Use Mapping 
for Australia (Update March 2010) dataset. 
This dataset contains land use classes 
allocated in accordance with the “Australian 
Land Use and Management Classification 
(ALUMC)”. 
Source: Bureau of Rural Sciences. 

Land clearing Hectares Polygon Extract of the NT Native Vegetation 
Clearing Dataset (2005). 
Source: Natural Resource Management 
Division, NT Department of Natural 
Resources Environment and the Arts. 

Mining Frequency Point Mineral Occurrence Database (MODAT) 
2011. Includes abandoned mine, mineral 
occurrence and prospect status. 
Source: Northern Territory Geological 
Survey 

River Disturbance Index Index Line Source: Stein et al (2001) 

Sea Level Rise Hectares Polygon Dataset derived from Shuttle Radar 
Topography Mission (SRTM) 3 arc-seconds 
elevation data and GEODATA TOPO 250K 
Series 3 wetland data. 
Source: Geoscience Australia 

Habitat    

Riparian Vegetation 
Communities 

Hectares Polygon Extract of Northern Territory National 
Vegetation Information System (NVIS) 
2005. 
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Pressure/Threat Unit GIS Representation Source of Data 
Source: NT Department of Natural 
Resources Environment and the Arts 

Wetlands Hectares Polygon GEODATA TOPO 250K Series 3 (the 
following feature classes: flats, lake, 
watercourse, reservoirs, rapid areas, 
pondage areas and native vegetation 
areas). 
Source: Geoscience Australia 

Waterholes Frequency Point GEODATA TOPO 250K Series 3 
Source: Geoscience Australia 

Waterways Index Line GEODATA TOPO 250K Series 3 
Source: Geoscience Australia 

 

Land clearing data 

Land clearing data (2005) were acquired from the NT Department of Natural Resources, 
Environment, The Arts and Sport (NRETAS) for the Finniss River catchment.  The data were 
derived from LandSat satellite imagery spanning back to 1990, pastoral land records (1992), 
Bureau of Rural Science data (1990–1995) and Northern Territory government road and 
planning/development information.  An update of this data is planned for 2012. 

 

Mangrove community data 

Data representing mangroves were sourced from the GEODATA TOPO 250K Series 3.  

 

Mining data 

Three datasets sourced from the different jurisdictions were used in representing mining 
information across northern Australia.  For Western Australia, the mines and mineral deposits 
extract from MINEDEX was used to represent status categories as follows: care and 
maintenance; development, operation; proposed; and shut down.  The MODAT (Mineral 
Occurrence Database) was used to represent mines and mineral deposits in the Northern 
Territory.  The status categories represented in MODAT are: abandoned; mineral occurrence; 
operating; and prospect.  For Queensland, MINOCC (Mineral Occurrence) was used to represent 
the following status categories: abandoned; care and maintenance; and operating. 

 

River Disturbance Index 

The River Disturbance Index (RDI) is a spatial data set produced by Stein et al. (2001) and is 
based on a drainage coverage derived from a 250 m Digital Elevation Model.  The index is 
derived from a set of indicators of catchment disturbance which may alter riverine processes 
(land-use activity, settlements and structures, infrastructure and extractive industries), and a set of 
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indicators for alteration to flow regime and in-stream disturbances (impoundments, flow diversions 
or discharges, and levee banks) (Stein et al., 2001). 

 

Riparian vegetation habitats spatial data 

The National Vegetation Information System (NVIS) was used as the spatial data source for 
representing riparian vegetation habitats at both the northern Australia and Finniss River 
catchment scales.  Riparian vegetation was extracted by Bartolo et al. (2008) from the NVIS data 
as there was no pre-existing riparian dataset for northern Australia or the Finniss River catchment.  
An updated NVIS extract was available for Queensland and used in this project.  Selection of 
riparian categories from the NVIS data is detailed in Bartolo et al. (2008). 

 

Vulnerability to potential sea level rise data 

Bartolo et al. (2008) provides a detailed description on how wetlands vulnerable to potential sea 
level rise data were derived from the spatial wetland dataset.  

In deriving wetlands vulnerable to sea level rise for input into the RRM, the following approach 
was taken based on the most recent IPCC sea level rise projections (CSIRO, 2007).  Global sea 
level is projected to rise 0.18-0.59 cm by 2100, however there are uncertainties associated with 
ice sheet flow.  If flow rates were to increase linearly with global average temperature, the upper 
ranges of the projected sea level rise would increase by 10-20 cm. Beyond 2100, sea level rise 
may continue for centuries due to climate processes and feedbacks as follows: 

 

• Thermal expansion would lead to an increase in sea level of 30–80 cm by 2300 (relative 
to 1980–1999); and 

• If a negative surface mass balance for the Greenland ice sheet was sustained for 
thousands of years, the resulting elimination of the Greenland ice sheet would lead to a 
contribution in sea level rise of approximately 7m. 

 

Given these projections, vulnerable wetlands in northern Australia were determined using Shuttle 
Radar Topography Mission (SRTM) elevation data.  This dataset has been supplied at 3 arc-
seconds, or 90 m, in the horizontal, and 16 m (absolute) vertical resolution.  Wetlands data for 
northern Australia and the Finniss River catchment were clipped firstly to a 70 m buffer from the 
coast (average maximum tidal influence across the region) and then for areas below 1 m within 
this buffer as shown in Figure 78 and Figure 79.  Wetlands below 1m were used in the RRM as 
this is this most realistic area subject to vulnerability given the projections and in terms of natural 
resource management planning.  The total area of wetlands below 1 m elevation across northern 
Australia is approximately 9710 km2 (12% of wetland habitat across northern Australia) and 320 
km2 for the Finniss River catchment. 
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Figure 78.  Wetlands vulnerable to potential sea level rise across northern Australia. See 

text for description of how this was derived. 
 

 
Figure 79.  Wetlands vulnerable to potential sea level rise in the Daly River catchment. See 

text for description of how this was derived. 
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Waterways spatial data 

Data representing waterways (drainage) were sourced from the GEODATA TOPO 250K Series 3.  

 

Wetlands and waterholes spatial data 

Data representing wetlands and waterholes were sourced from the GEODATA TOPO 250K 
Series 3.  

 

CONCEPTUAL MODELS 

Conceptual models are the output of the problem formulation component of an ERA.  Suter (1996) 
stated that “All screening and baseline ecological risk assessments should use and present a 
conceptual model”.  A detailed explanation of developing conceptual models and their benefits is 
provided by Bartolo et al. (2008). 

Risk hypotheses are illustrated in a conceptual model for the specified threats and habitats.  The 
resultant conceptual model for northern Australia, shown in Figure 80, formed the basis for 
undertaking risk calculations within the RRM for this region (as outlined by Walker et al., 2001).  
The risk hypotheses are evident through the links between threats, habitats and assessment 
endpoints, while the interactions are defined by the exposure and effects pathways. 

 

 
Figure 80.  Conceptual model describing ecological risk for northern Australia. 

Pressure Threat Exposure Habitat Effects Ecological Asset
Threat has potential to impact habitat Event in habitat has potential to impact ecological asset

Cropping

Grazing Modified Pastures
Waterways

Grazing Natural Vegetation Altered hydrology Maintenance of  Flow Regime

Change in in-stream ecological processes

Intensive Animal Production
Change in ground water level 

Intensive Horticulture Influx of contaminants Water Quality

Irrigated Agriculture

Riparian Communities
Land Clearing

Altered inundation regime

Manufacturing & Industrial Change in ground water level
Land Use

Change in habitat structure & connectivity
Mining

Other Minimal Uses Mangrove Communities Maintenance of Riparian Vegetation

Change in habitat structure
Residential

Influx of contaminants

Services

Transport & Communications Maintenance of Biodiversity

Utilities

Waste Treatment
Wetlands

Disturbance River Disturbance Index Altered inundation regime

Change in groundwater level
Climate Change Sea Level Rise

Influx of contaminants

Change in habitat structure
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The northern Australia risk hypotheses related to ecological values only.  Figure 80 shows the risk 
hypotheses associated with multiple land uses, sea level rise, and river disturbance with respect 
to their potential to alter hydrology, change in-stream ecological processes, produce a change in 
groundwater level, result in an influx of contaminants, change riparian vegetation structure, and 
reduce habitat for flora and fauna in both riparian and wetland habitats.  Land clearing was 
omitted from the RRM as there were no suitable spatial data available across northern Australia to 
include this pressure/threat in the conceptual model. 

The following is a risk hypothesis for grazing natural vegetation pressure.   

The consequence of grazing natural vegetation is the potential for altered hydrology and a change 
in in-stream ecological processes of waterways.  Effects of altered hydrology may result in a 
degradation in water quality or impact maintenance of flow regime, whilst a change in in-stream 
ecological processes may lead to a reduction in biodiversity.  

The following describes an example of a risk hypothesis (the impact of sea level rise on 
maintenance of biodiversity) from the Finniss River (Figure 81) catchment conceptual model (this 
example was provided for the Daly River catchment by Bartolo et al. (2008).   

The consequence of sea level rise is the decline of freshwater coastal wetlands (Winn et al. 2006; 
Cobb et al. 2007), resulting in a reduction in wetland habitat available for flora and fauna (Bartolo 
et al., 2007).  A reduction in wetland habitat may lead to a reduction in biodiversity, thereby 
impacting on the biodiversity assessment endpoint.  

 

 
Figure 81.  Final conceptual model describing ecological risk for the Finniss River 

catchment. 
  

Pressure Threat Exposure Habitat Effects Ecological Asset

Threat has potential to impact habitat Event in habitat has potential to impact ecological asset

Cropping

Grazing Modified Pastures
Waterways

Grazing Natural Vegetation Altered hydrology Maintenance of  Flow Regime

Change in in-stream ecological processes

Intensive Animal Production
Change in ground water level 

Intensive Horticulture Influx of contaminants Water Quality

Irrigated Agriculture
Waterholes

Land Clearing Altered inundation regime

Change in ground water level

Manufacturing & Industrial
Land Use Influx of contaminants 

Mining Change in habitat structure

Riparian Communities Maintenance of Riparian Vegetation

Altered inundation regime

Residential
Change in ground water level

Services Change in habitat structure & connectivity

Transport & Communications Mangrove Communities Maintenance of Biodiversity

Change in habitat structure

Utilities
Influx of contaminants

Waste Treatment
Wetlands

Disturbance River Disturbance Index Altered inundation regime

Change in groundwater level

Climate Change Sea Level Rise
Influx of contaminants

Change in habitat structure
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RISK ANALYSIS 

Identifying and creating risk regions 

Sixty two (62) risk regions were identified for northern Australia as shown by Figure 82.  These 
risk regions are based on the river basins as the ecological risk assessment is focused on 
ecological assets of tropical rivers.  The size of the risk regions is shown in Figure 83. 

For the Finniss River catchment analysis, we defined 52 risk regions (Figure 84) based on 
planning units generated by Kennard et al. (2010).  The planning units are spatial units defined by 
hydrological subcatchments.  The size of the risk regions for the Finniss River catchment is 
shown in Figure 85. 

 

 

1, Cape Leveque Coast, 2, Fitzroy River, 3, Lennard River, 4, Isdell River, 5, Prince Regent River, 
6, King Edward River, 7, Drysdale River, 8, Pentecost River, 9, Ord River, 10, Keep River, 11, 

Victoria River, 12, Fitzmaurice River, 13, Moyle River, 14, Daly River, 15, Finniss River, 16, 
Adelaide River, 17, Mary River, 18, Wildman River, 19, South Alligator River, 20, East Alligator 
River, 21, Goomadeer River, 22, Liverpool River, 23, Blyth River, 24, Goyder River, 25, Roper 

River, 26, Buckingham River, 27, Koolatong River, 28, Walker River, 29, Towns River, 30, 
Limmen Bight River, 31, Rosie River, 32, McArthur River, 33, Robinson River, 34, Calvert River, 
35, Settlement Creek, 36, Nicholson River, 37, Leichhardt River, 38, Morning Inlet, 39, Flinders 
River, 40, Norman River, 41, Gilbert River, 42, Staaten River, 43, Mitchell River, 44, Coleman 
River, 45, Holroyd River, 46, Archer River, 47, Watson River, 48, Wenlock River, , 49, Embley 
River 50, Ducie River, 51, Jardine River, 52, Jacky Jacky Creek, 53, Olive-Pascoe Rivers, 54, 

Lockhart River, 55, Stewart River, 56, Normanby River, 57, Jeannie River, 58, Endeavour River, 
59, Daintree River, 60, Mossman River, 61, Barron River, 62, Mulgrave-Russell Rivers 

 
Figure 82.  The sixty two (62) risk regions identified for northern Australia. 
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Figure 83.  Areal size of the sixty two (62) risk regions identified for northern Australia. 

 
 

 
Figure 84.  The fifty two (52) risk regions identified for the Finniss River catchment. 
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Figure 85.  Areal size of the fifty two (52) risk regions identified for the Finniss River 

catchment. 

 

Ranking threats and habitats 

In the risk analysis, a two point scale (ie. 0, 2, 4, 6; corresponding to nil, low, medium, high, 
respectively) was implemented to categorise the percentage cover of a particular threat within 
each risk region.  The two point scale values were assigned using Jenkʼs Optimisation (Jenks and 
Caspall, 1971), which is a suitable method for clustering numerical data (Obery and Landis, 
2002).  Jenkʼs Optimisation is also referred to as ʻnatural breaksʼ and is a common data 
classification algorithm procedure in GIS software.  Break points are identified by grouping similar 
values in the data whilst maximising the differences between classes.  Classes are automatically 
generated (the user selects the number of classes) in GIS software when applying natural breaks 
where class boundaries relate to relatively large jumps in data values.  In applying Jenkʼs 
Optimisation in ranking habitats and threats, the number of classes were set at four to account for 
nil (0), low (2), medium (4) and high (6). The first class (nil) was manually set to zero (0).  

 

Habitat rankings 

Habitat rankings were derived simply by applying Jenkʼs Optimisation algorithm.  For wetlands, 
mangroves and riparian vegetation, for example, the 4 class natural breaks were applied to their 
percentage covers.  For ranking waterways, drainage density (total drainage length/risk region 
area) was calculated for each risk region and the natural breaks classification was applied to the 
drainage density field.  For ranking waterholes in the Finniss River catchment, the natural breaks 
were applied to the frequency count across each risk region. 
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Threat rankings 

In some instances further spatial analysis was undertaken on input threat data to enable the 
application of Jenkʼs Optimisation for use in the RRM.  For land use threats the 4 class natural 
breaks were applied to percentage cover. Absolute area is another alternative to relative 
percentage cover, however percentage cover normalises the area of the different risk regions.  
For the River Disturbance Index (RDI), the weighted averages of river length were calculated and 
the natural breaks applied to this calculation. 

 

Calculating Relative Risk 

Risk was calculated as follows (after Walker et al., 2001): 

 

• Sum of threats in risk region = ∑ threats 

• Sum of potential threat exposure in risk region = ∑ (threat ! habitat) only where there is 
potential exposure 

• Total risk to ecological assessment endpoint = ∑ (threat ! habitat) only where there is 
potential exposure AND where the threat has the potential to impact the ecological 
assessment endpoint. 

• Total risk to ecological assessment endpoint in risk region = ∑ (total risk to ecological 
assessment endpoint). 

 

An example of the associated risk scores aligned with the conceptual model is shown in Figure 86 
for the Finniss River risk region in the northern Australia RRM. 

RISK CHARACTERISATION 

Risk characteristation was completed by examining the distribution of habitats and threats as 
ranked by the RRM, total relative risk and total sum of threats for both scales of application of the 
RRM, and relative risk to assessment endpoints across the risk regions. 
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Figure 86.  Example of risk calculations for Risk Region 15 - Finniss River, from the 

northern Australia RRM. 

 

4.3.2 RISK CHARACTERISATION FOR NORTHERN AUSTRALIA 
This section presents the results of the RRM applied to northern Australia (62 risk regions).  Risk 
characterisation is summarised for habitats, pressures/threats, total relative risk and ecological 
assessment endpoints. 

 

HABITATS 

Distribution of habitats (lower, medium and higher risk) within the 62 risk regions are shown in 
Figure 87.  The percentage cover (lower, medium and higher) for riparian and mangrove 
vegetation and wetlands, whilst waterways are summarised by drainage density.  

The risk regions with the highest drainage density are: Stewart River (Qld- Risk Region 55); 
Lockhart River (Qld- Risk Region 54); and Olive-Pascoe Rivers (Qld- Risk Region 53).  The risk 
region with the lowest drainage density is Cape Leveque Coast (WA- Risk Region 1).  

The risk regions with the highest percentage cover of riparian vegetation are: Staaten River (Qld- 
Risk Region 42) – 34%; Moyle River (NT- Risk Region 13) – 18%; and Settlement Creek (Qld- 
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Risk Region 35) – 17%.  There are two risk regions, Prince Regent River (Risk Region 5) and 
King Edward River (Risk Region 6), both located in WA, that are ranked as having ʻnilʼ riparian 
vegetation.  There is riparian vegetation within these largely undisturbed risk regions, however the 
NVIS data for WA does not account for this. 

The risk regions with the highest percentage cover of wetlands are: Adelaide River (NT- Risk 
Region 16) – 30%; Finniss River (NT- Risk Region 15) and South Alligator River (NT Risk Region 
19) – 25%; and Mary River (NT- Risk Region 17), Morning Inlet (Qld- Risk region 38) and 
Leichhardt River (Qld- Risk Region 37) – 23%.  The risk regions with the lowest percentage cover 
of wetlands are Flinders River (Qld- Risk Region 39) and Drysdale River (WA- Risk Region 7) - 
1%. 

The risk regions with the highest percentage cover of mangroves are: Jacky Jacky Creek (Qld-
Risk Region 52) - 7%; Finniss River (NT- Risk Region 15) and Embley River (Qld Risk Region 49) 
– 5%; and Buckingham River (NT- Risk Region 26) – 4%.  The risk regions with the lowest 
percentage cover of wetlands are Ducie River (Qld- Risk Region 50) - Nil, and Daly River (NT- 
Risk Region 14) – 0.02%. 

 

PRESSURES/THREATS 

Rankings for pressures/threats (nil, lower, medium and higher) for a variety of landuses, based on 
percentage cover, frequency count, or index, for each of the 62 risk regions are shown in Figure 
88.  

From the various land uses incorporated in the model, grazing natural vegetation has the highest 
percentage of cover across the risk regions.  This is followed by grazing modified pasture.  The 
risk regions with the highest percentage cover of grazing natural vegetation are: Flinders River 
(Qld- Risk Region 39) – 99%; and Norman and Leichhardt Rivers (Risk Regions 40 and 37 
respectively) – 98%.  For many of the risk regions, grazing natural vegetation was the dominant 
land use.  A number of risk regions had no grazing natural vegetation (those in the Kakadu region 
and Arnhem Land in the NT- South Alligator River [Risk Region 19], East Alligator River [Risk 
Region 20], Goomadeer River [Risk Region 21], Liverpool River [Risk Region 22), Blyth River 
[Risk Region 23], Goyder River [Risk Region 24], Buckingham River [Risk Region 26], Koolatong 
River [Risk Region 27] and Walker River [Risk Region 28]).  However, this is not indicative as to 
whether this activity does occur in these regions, particularly where there are Aboriginal pastoral 
enterprises operating at a small scale.  Grazing modified pasture is restricted to risk regions within 
the NT including: Wildman River (Risk Region 18) – 12%; Mary River (Risk Region 17) – 2%;  
Adelaide River (Risk Region 16) – 1.7%; Finniss River (Risk Region 15) and Daly River (Risk 
Region 14) – <1%. 

Irrigated agriculture represents a comparatively minor land use across the risk regions, occupying 
less than 2.5% of the risk regions where it occurs.  Those risk regions with the highest percentage 
cover of irrigated agriculture are: Barron River (Risk Region 61), Daly River (Risk Region 17) and 
Adelaide River (Risk Region 16).  Similarly, cropping is a minor land use and also occupies less 
than 2.5% of the risk regions where it occurs.  Those risk regions with the highest percentage 
cover of cropping are within the NT and include Adelaide River (Risk Region 16), Daly River (Risk 
Region 14) and Finniss River (Risk Region 15).   
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A 

 
B 

 
C 

 
D 

 
Figure 87.  Distribution of habitats across the (62) risk regions (catchments). A- waterways 

ranked by drainage density; B- riparian vegetation ranked by percentage cover; C- 
wetlands ranked by percentage cover; and D- mangroves ranked by percentage cover.  
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Services and transport and communication land uses are minor also, occupying less than 1.5% of 
the risk regions where they occur.  The risk region with the highest percentage cover of services 
is Mossman River (Qld- Risk Region 60) – <1%.The risk region with the highest percentage cover 
of transport and communications is Finniss River (NT- Risk Region 15) – 1.3%. 

Mining (which includes abandoned, exploration, operational and care and maintenance status) 
occurs in over three quarters of the risk regions.  The risk regions with the highest frequencies are 
located in Queensland and include: Mitchell River (Risk Region 43); Flinders River (Risk Region 
39); Gilbert River (Risk Region 41), Norman River (Risk Region 40) and Leichhardt River (Risk 
Region 37). 

All risk regions were ranked as being vulnerable to sea level rise of up to 1 m.  The risk regions 
with the highest percentage cover of wetlands vulnerable to sea level rise are: Morning Inlet (Qld- 
Risk Region 38) – 19%; Keep River (NT- Risk Region 10) – 13%; and Fitzmaurice River (NT- Risk 
Region 12) – 5%.  

The risk regions with the highest risk from river disturbance are Flinders River (Qld– Risk Region 
39), followed by Adelaide River (NT - Risk Region 16), and Endeavour River (Qld – Risk Region 
58).  Risk regions with a lower risk from river disturbance are Mulgrave-Russell Rivers (Qld – Risk 
Region 62) and Liverpool River (NT – Risk Region 22). 
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Figure 88.  Rankings for pressures/threats based on percentage cover of landuse for each of the 62 risk regions across northern Australia. 
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Figure 88.  (continued) Rankings for pressures/threats for each of the 62 risk regions across northern Australia based on: percentage cover 

(wetlands vulnerable to sea level rise); frequency count (mining); and River Disturbance Index.   
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TOTAL RELATIVE RISK 

The total relative risk (low, medium and high) for the 62 risk regions (catchments) of northern 
Australia is shown in Figure 89.  The risk regions at high risk from the specified threats are: 
Finniss River (NT-Risk Region 15); Adelaide River (NT-Risk Region 16); Flinders River (Qld-Risk 
Region 39); Gilbert River (Qld-Risk Region 41); Daintree River (Qld-Risk Region 59); Normanby 
River (Qld-Risk Region 56); Mulgrave-Russell Rivers (Qld-Risk Region 62); Barron River (Qld-
Risk Region 61); and Mitchell River (Qld-Risk Region 43).  There are no risk regions ranked as 
ʻhigherʼ within Western Australia.  This does not necessarily imply that there are no risk regions at 
higher risk located within WA as the spatial data sourced for WA is of a coarser scale compared 
with the datasets for the NT and Qld and therefore some threats or assets may not be detected. 

The total relative risk scores for the 62 risk regions are shown in Figure 90. The risk regions with 
the highest risk scores are the Finniss River (Risk Region 15) - 1540, followed by the Barron River 
(Risk Region 62) - 1268, the Adelaide River (Risk Region 16) - 1244, and the Mitchell River (Risk 
Region 43) - 1048.  Conversely, the risk regions with the lowest risk scores are Walker River (Risk 
Region 28) - 48, King Edward River (Risk Region 6) - 80, Goomadeer River (Risk Region 21) - 
116 and Koolatong River (Risk Region 27) - 116.  

 

 

 
Figure 89.  Total relative risk shown as higher, medium or lower for the 62 risk regions 

(catchments).  
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Figure 90.  Total relative risk scores for the 62 risk regions (catchments).  

 

TOTAL SUM OF THREATS 

Figure 91 summarises the total (sum) score for each threat included within the RRM.  This 
analysis shows that grazing natural vegetation (182) is the threat with the largest relative score 
followed by river disturbance (150) and sea level rise (144).  The summing of threats does not 
take into account any interaction of threats that may be multiplicative in nature. 

 

 
Figure 91.  Sum of threats for each threat included in the RRM for the 62 risk regions.  
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ECOLOGICAL ASSESSMENT ENDPOINTS 

The relative risk for EAEs across the 62 risk regions in the northern Australia are shown in Figure 
92.  The EAE with the highest total risk is water quality to meet or exceed a specified standard 
(788).  Conversely, the EAE with the lowest total risk is maintenance of flow regime (4).  

The risk regions with the highest total risk for maintenance of flow regime are: Barron River (Risk 
Region 61) - 216; Mulgrave-Russell Rivers (Risk Region 62) - 156; Daintree, Gilbert and 
Normanby Rivers (Risk Regions 59, 41 and 56 respectively) - 132; and Adelaide and Mitchell 
Rivers (Risk Regions 16 and 43 respectively) - 128.  The Ord River is not ranked in the top five 
despite there being comparatively significant irrigation activities in the region.  This is because the 
percentage cover of the various land use types that impact on flow regime are comparatively 
lower than those from regions ranked higher (however, the regionʼs relative rank is ʻhigherʼ).  
There are a number of catchments located within Arnhem Land with low total relative risk (totals 
of 4 and 8) (Blyth [Risk Region 23], Goomadeer [Risk Region 21], Goyder [Risk Region 24], 
Koolatong [Risk Region 27] and Liverpool Rivers [Risk Region 23]).  These low totals are due to 
low scores for altered hydrology and  ʻnilʼ for change in groundwater levels impacts to waterway 
habitats.  These low totals for the impacts are due to ʻnilʼ rankings for the majority of land uses in 
these regions. 

The risk regions with the highest total risk to water quality are: Finniss River (Risk Region 15) - 
788; Adelaide River (Risk Region 16) - 680 and Barron River (Risk Region 61) - 656.  Conversely, 
the risk regions with the lowest total risk for water quality are: Walker River (Risk Region 28) - 16; 
King Edward River (Risk Regions 6) - 44; and Goomadeer and Koolatong Rivers (Risk Regions 
21 and 27 respectively) - 48.  The high total risk scores for the Adelaide (Risk Region 16) and 
Finniss Rivers (Risk Region 15) are associated with high totals for altered hydrology and influx of 
contaminants to waterway habitats.  These scores are due to high rankings for transport and 
communications, utilities and waste treatement land uses.  The lower risk scores for Walker River 
(Risk Region 28), King Edward, Goomadeer and Koolatong Rivers (Risk Regions 6, 21and 27 
respectively) are because there were many zero risk rankings for the pressures/threats linked to 
impacts on waterway habitats.  

The risk regions with the highest total risk for maintenance of riparian vegetation are: Finniss 
River (Risk Region 15) - 200; Mitchell River (Risk Region 43) - 176; and Flinders River (Risk 
Region 39) - 176.  The risk regions with the lowest total risk for maintenance of riparian vegetation 
are: King Edward and Prince Regent rivers (Risk Regions 6 and 5 respectively) - nil; and 
Koolatong and Goomadeer Rivers (Risk Regions 27 and 23 respectively) -8.  The high total risk 
scores for the Finniss (Risk Region 15), Mitchell (Risk Region 43), and Flinders River (Risk 
Region 39) are due to high totals for riparian community habitat impacts combined with 
comparatively higher rankings for various pressures/threats.  The high total for change in habitat 
structure and connectivity impacts to riparian communities in the Mitchell River (Risk Region 43) 
is attributed to high rankings for grazing natural vegetation and mining pressures/threats.  The 
pressures/threats contributing to the high total for change in habitat structure and connectivity 
impacts of the Finniss River (Risk Region 15) are transport and communications and utlities, 
whilst grazing natural vegetation had a high ranking and contributed to the change in habitat 
structure and connectivity impacts in riparian communities for Flinders river (Risk Region 39).  In 
contrast, the risk regions with lower total risk for maintenance of riparian vegetation have habitats 
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with low rankings combined with ʻnilʼ ranking for a number of pressures/ threats (King Edward and 
Prince Regent Rivers [Risk Regions 6 and 5 respectively] had a ʻnilʼ ranking for riparian habitat). 

For assessments of maintenance of biodiversity, the risk regions with the highest total risk are: 
Finniss River (Risk Region 15) - 432; Adelaide River (Risk Region 16) - 344 and Jacky Jacky 
Creek (Risk Region 52) - 308.  The high risk scores are due, in general, to the combination of high 
rankings for habitats (in particular mangroves) and pressures/threats, and the interaction of these 
with impacts.  The risk regions with the lowest total risk are: Walker River (Risk Region 28) - 16; 
King Edward (Risk Region 6) - 28, and Koolatong and Goomadeer Rivers (Risk Regions 27 and 
21 respectively) -40.  The lower risk totals are due to the combination of low risk rankings for 
habitats and pressures/threats. 

 

RISK PROFILES FOR FOCUS CATCHMENTS 

Risk profiles for the 15 focus catchments in this project have been extracted from the RRM data 
(Figure 93 - Figure 107).  The 15 focus catchments are: Cape Leveque (WA); King Edward River 
(WA); Daly River (NT); Finniss River, which includes Darwin Harbour (NT); Adelaide River (NT); 
Mary river (NT); South Alligator River (NT); East Alligator River (NT); Goyder River (NT); Roper 
River (NT); Leichhardt River (Qld); Flinders River (Qld); Norman River (Qld); Gilbert River (Qld); 
and Mitchell River (Qld).  The Finniss River catchment has the highest total relative risk (risk 
score – 1540) out of the focus catchments and overall from the 62 catchments, followed by the 
Adelaide River (risk score - 1244), which was ranked third from the 62 catchments, and the 
Mitchell River (risk score-1048) which was ranked fourth from the 62 catchments.  Conversely the 
risk regions with the lowest risk scores are the King Edward River (risk score-80) which was 
ranked 61 from 62 catchments, and Goyder River (risk score-128) which ranked 57 from 62 
catchments.  

Figure 93 - Figure 107 provide an overview of the risk ranking (based on the 2 point scale-0, 2, 4, 
6) for each threat within that catchment.  The risk ranking for each threat is independent from 
other threats, for example, the percentage cover for ʻtransport and communicationsʼ is significantly 
less than for the percentage cover of ʻgrazing natural vegetationʼ (a risk rank of 6 [higher] for 
ʻtransport and communicationsʼ in the Adelaide River catchment equates to 0.8% areal extent 
within that catchment, compared with a risk rank of 6 [higher] for ʻgrazing natural vegetationʼ in the 
Flinders River catchment equates to 99.1% areal extent).  Figure 108 provides an example of how 
threats can be displayed on a map of a risk region. 
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Figure 92.  Relative risk to ecological assessment endpoints across the 62 risk regions of northern Australia. A- maintenance of flow regime; B- 

water quality; C- maintenance of riparian vegetation; and D- maintenance of biodiversity.  
  

A B 

C D 
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Risk Rank – 35/62 

Total Risk Score – 340 (Medium) 

 

Higher Risk Threat – Grazing Natural Vegetation (1,817,260 hectares; 79% of 
catchment) 

 

 
Figure 93.  Risk profile for Cape Leveque Coast. 
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Risk Rank – 61/62 

Total Risk Score – 80 (Lower) 

 

Lower Risk Threat – Sea level rise (2,715 hectares; 0.16% of catchment); and 
River Disturbance 

 

 

Figure 94. Risk profile for King Edward River. 
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Risk Rank – 23/62 

Total Risk Score – 456 (Medium) 

 

Higher Risk Threat – Cropping (128,100 hectares; 2.4% of catchment); Grazing 
Natural Vegetation (271,7500 hectares; 50.9% of catchment) 

 

 
Figure 95.  Risk profile for Daly River. 
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Risk Rank – 3/62 

Total Risk Score – 1244 (Higher) 

 

Higher Risk Threat – Transport & Communications (5,930 hectares; 0.8% of 
catchment) 

 

 
Figure 96.  Risk profile for Adelaide River. 
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Risk Rank – 1/62 

Total Risk Score – 1540 (Higher) 

Area: 941,000 ha 

Higher Risk Threat – Waste Treatment & Disposal (260 hectares; 0.03% of 
catchment); Utilities (47 hectares; 0.005% of catchment) 

 

Habitats  Threats 
Drainage – Medium Density   Waste Treatment & Disposal – Higher Risk (260 ha; 0.03% of catchment) 
Riparian – Medium Distribution  (127,400 ha; 13.5% of catchment) Utilities – Higher Risk (47 ha; 0.005% of catchment) 
Wetlands – Higher Distribution (235,000 ha; 25% of catchment) Cropping – Medium Risk (10,140 ha; 1% of catchment) 
Mangroves – Higher Distribution (50,700 ha; 5% of catchment) Sea Level Rise – Medium Risk (32,200 ha; 3.4% of catchment) 

Figure 97.  Risk profile for Finniss River. 
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Risk Rank – 15/62 

Total Risk Score – 540 (Medium) 

Medium Risk Threat – Transport & Communications(260 hectares; 2.1% of 
catchment); Grazing Modified Pastures (3,050 hectares; 0.37% of catchment) 

 

 
Figure 98.  Risk profile for Mary River. 
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Risk Rank – 48/62 

Total Risk Score – 244 (Lower) 

Lower Risk Threat – Transport & Communications(885 hectares; 0.07% of 
catchment); Mining (27); and River Disturbance 

 

 
Figure 99.  Risk profile for South Alligator River. 
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Risk Rank – 33/62 

Total Risk Score – 356 (Medium) 

Lower Risk Threat – Sea Level Rise(19,400 hectares; 1.3% of catchment); Mining 
(9); and River Disturbance 

 

 
Figure 100.  Risk profile for East Alligator River. 
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Risk Rank – 57/62 

Total Risk Score – 128 (Lower) 

Lower Risk Threat – Sea Level Rise(8,165 hectares; 0.78% of catchment); River 
Disturbance 

 

 
Figure 101.  Risk profile for Goyder River. 
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Risk Rank – 41/62 

Total Risk Score – 296 (Lower) 

Medium Risk Threat – Transport & Communications (22,110 hectares; 0.27% of 
catchment) 

 

 
Figure 102.  Risk profile for Roper River. 
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Risk Rank – 11/62 

Total Risk Score – 644 (Medium) 

Higher Risk Threat – Grazing Natural Vegetation (3,269,660 hectares; 98% of 
catchment) 

 

 
Figure 103.  Risk profile for Leichhardt River. 
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Risk Rank – 25/62 

Total Risk Score – 456 (Medium) 

Higher Risk Threat – Grazing Natural Vegetation (4,944,751 hectares; 98.5% of 
catchment) 

 

 
Figure 104.  Risk profile for Norman River. 
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Risk Rank – 6/62 

Total Risk Score – 904 (Higher) 

Higher Risk Threat – Grazing Natural Vegetation (10,908,980 hectares; 99.1% of 
catchment); River Disturbance 

 

 
Figure 105.  Risk profile for Flinders River. 
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Risk Rank – 9/62 

Total Risk Score – 792 (Higher) 

Higher Risk Threat – Grazing Natural Vegetation (10,908,980 hectares; 99.1% of 
catchment) 

 

 
Figure 106.  Risk profile for Gilbert River. 
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Risk Rank – 4/62 

Total Risk Score – 1048 (Higher) 

Higher Risk Threat – Grazing Natural Vegetation (6,821,840 hectares; 95% of 
catchment); River Disturbance 

Habitats  Threats 
Drainage – Higher Density   Grazing Natural Vegetation – Higher Risk (6,821,840 hectares; 95% of catchment) 
Riparian – Medium Distribution (616,250 ha; 13. % of catchment) Mining – Higher Risk (871 frequency count) 
Wetlands – Lower Distribution (165,200 ha; 3.6% of catchment) Cropping – Lower Risk (850 ha; 0.02% of catchment) 
Mangroves – Lower Distribution (3,250 ha; 0.07% of catchment) Sea Level Rise – Lower Risk (14,950 ha; 0.3% of catchment) 

 
Figure 107.  Risk profile for Mitchell River. 
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Figure 108.  Mitchell River wetlands and wetlands vulnerable to sea level rise (wetlands 

below 1m).  

 

4.3.3 RISK CHARACTERISATION FOR THE FINNISS RIVER 
This section presents the results of the application of the RRM to the Finniss River catchment (52 
risk regions).  As in the previous section, risk characterisation is summarised for habitats, 
pressures/threats, total relative risk and EAEs. 

 

HABITATS 

Distribution of the five habitats: waterways (drainage); waterholes; riparian communities; 
mangrove communities; and wetlands, (lower, medium and higher) within the 52 risk regions are 
shown by Figure 109.  

The risk regions with the highest drainage density are: Risk Region 35 – 0.89; Risk Region 39 – 
0.85; and Risk Region 38 – 0.84.  The risk region with the lowest drainage density is Risk Region 
15 – 0.1, followed by Risk Region 51 – 0.26 and Risk Region 52 – 0.32.  

The risk regions with the highest number of waterholes are: Risk Region 25 – 36; Risk Region 21 
– 26; and Risk Region 20 – 25.  Half of the risk regions have no waterholes within them.   

The risk regions with the highest percentage cover of mangrove communities are: Risk Region 27 
– 56%; Risk Region 9 – 38%; and Risk Region 3 –  31%.  Nineteen of the 52 risk regions have no 
mangrove communities mapped. 
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The risk regions with the highest percentage cover of riparian vegetation are: Risk Region 44 – 
63%; Risk Region 47 -  78%; and Risk Region 49 – 72%.  Risk Regions 3, 4, 27 have no riparian 
communities mapped.   

The risk regions with the highest percentage cover of wetlands are: Risk Region 45 – 99.5%; Risk 
Region 50 – 98.7%; and Risk Region 46 –  91%.  The risk regions with the lowest percentage 
cover of wetlands are: Risk Region 27 –  nil; Risk Region 42 - <1%; and Risk Region 39 – 1 %. 

 

 
Figure 109.  Distribution of habitats across the 52 risk regions of the Finniss River 

catchment. A – waterways ranked by drainage density; B – riparian communities ranked 
by percentage cover; C – wetlands ranked by percentage cover; D – mangrove 

communities ranked by percentage cover; and E – waterholes ranked by frequency count. 

 

A B 

C D 

E 
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PRESSURES/THREATS 

Rankings for pressures/threats (lower, medium and higher) based on percentage cover, count or 
index for each of the 52 risk regions are shown in Figure 110.  

Grazing natural vegetation has the highest percentage of cover across the risk regions.  This is 
followed by land clearing.  The risk regions with the highest percentage cover of grazing natural 
vegetation are: Risk Region 3 –  99%; Risk Region 42– 82%; and Risk Region 5 – 76%.  Eighteen 
risk regions had no grazing natural vegetation mapped (e.g. Risk Region 1, where the major 
population centre of Darwin and the rural area is located).  

The risk regions with the highest percentage of land clearing are: Risk Region 8 – 44%; Risk 
Region 13 – 38.5%; and Risk Region 10 – 35%.  Conversely, there is no land clearing recorded in 
the dataset for thirteen of the risk regions. 

Grazing modified pasture is not a widespread land use throughout the Finniss River catchment. 
There is no grazing modified land use for 31 out of 52 risk regions.  The risk regions where this 
land use is ranked as higher are: Risk Region 13 – 47%; Risk Region 36 – 7.6%; Risk Region 22 
– 6.7%. 

Irrigated agriculture is a comparatively minor land use across the risk regions, occupying 17 out of 
the 52 risk regions, and covering less than 1% of the risk regions where it does occur.  Similarly, 
cropping is not widespread and only occurs in 14 of the 52 risk regions and covers less than 1% 
of the risk regions where it does occur.  

Mining land use (which includes abandoned, mineral occurrence and prospect status) occurs in 
14 out of the 52 risk regions. The risk regions with the highest frequencies of mines include: Risk 
Region 23 – 13; Risk Region 19 – 12; and Risk Region 26 – 11. 

The risk regions ranked as higher for wetlands vulnerable to sea level rise are Risk Region 27 – 
38% and Risk Region 4 – 35%.  Risk regions ranked as medium are Risk Region 50 – 29% and 
Risk Region 51 – 25%. 

 

TOTAL RELATIVE RISK 

The overall risk classification (lower, medium, higher) calculated using Jenkʼs Optimisation for the 
52 risk regions in the Finniss River catchment area is shown in Figure 111.  The risk model 
indicates the risk regions at higher risk (17 risk regions) from the specified pressures/threats are 
Risk Regions 7, 12, 10, 24, 18, 5, 16, 30, 9, 14, 36, 13, 15, 32, 19, 41, and 4.  

The total relative risk scores for the 52 risk regions are shown in Figure 112.  The risk regions 
with the highest total risk scores are Risk Region 7 - 1476 followed by Risk Region 12 - 1340, 
Risk Region 10 - 1324, Risk Region 24 - 1296, Risk Region 18 - 1216 and Risk Region 5 - 1172.  
Conversely the risk regions with the lowest risk scores are Risk Region 52 - 32, Risk Region 6 - 
60, and Risk Region 51 - 84.  
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Figure 110.  Distribution of pressures/threats across the 52 risk regions of the Finniss 

River catchment. 
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Figure 111.  Total relative risk shown as higher, medium or lower for the 52 risk regions 

(planning units). 

 

 
Figure 112.  Total relative risk scores for the 52 risk regions (planning units). 
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TOTAL SUM OF THREATS 

Figure 113 summarises the sum of threats for each threat included within the RRM.  The analysis 
shows that river disturbance (154) is the threat with the largest relative score, followed by 
cropping (130) and then grazing natural vegetation and land clearing (118 and 116, respectively).  
The threats with the lowest relative score are services and residential (12), intensive animal 
production (14) and utilities (16).  As mentioned previously, the summing of threats does not 
account for the interaction of threats, which may be multiplicative in nature. 

 

 
Figure 113.  Sum of threats for each threat included in the RRM for the 52 risk regions. 

 

ECOLOGICAL ASSESSMENT ENDPOINTS 

Figure 114 shows the relative risk rankings for the EAEs across the 52 risk regions.  The EAE 
with the highest total risk is maintenance of water quality (784).  Conversely, the EAE with the 
lowest total risk (excluding nil values) is maintenance of biodiversity (4). 

The risk regions with the highest total risk for maintenance of flow regime are: Risk Region 10 – 
228; and Risk Regions 12, 24, and 16 - 192.  The high total risk scores for these risk regions are 
due to the high rankings for waterway habitat combined with high scores for altered hydrology and 
change in groundwater level impacts.  The score for Risk Region 10 is the result of high rankings 
for grazing modified pastures and land clearing.  There are two planning units allocated ʻnilʼ risk 
for maintenance of perennial flow (Risk Regions 28 and 45).  These ʻnilʼ rankings are due to zero 
scores for waterway habitat. This does not mean that there are no waterway habitats in these 
regions, but rather that the spatial data has not captured such habitat. 

The risk regions with the highest total risk for water quality are: Risk Region 7 –784; Daly Risk 
Region 12 - 712; and Risk Region 16 – 684.  Conversely, the risk regions with the lowest total risk 
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for water quality are: Risk Regions 51 and 52 – 8; and Risk Regions 25, 29, 26, 33 - 24.  The high 
total risk score for Risk Regions 7 is associated with high scores altered hydrology and influx of 
contaminant impacts to waterway habitats.  The high scores for altered hydrology and influx of 
contaminants are due to high rankings for cropping, intensive animal production, land clearing, 
waste treatment and disposal and river disturbance.  The lower risk scores for Risk Regions 51 
and 52 are because there were many zero risk rankings for the pressures/threats linked to 
impacts on waterway habitats.  Cropping was the main input into the risk scores for these risk 
regions. 

The risk regions with the highest total risk for maintenance of riparian vegetation are: Risk Region 
32 – 204; Risk Region 5 – 200; and Risk Region 9  - 160.  There are four planning units allocated 
ʻnilʼ risk for maintenance of riparian vegetation (Risk Regions 1, 16, 49, and 52).  This is due to a 
ʻnilʼ score for riparian habitat.  The high total risk scores for Risk Region 32,  is due to a high 
ranking for riparian habitats. 

When assessing maintenance of biodiversity, the risk regions with the highest total risk are: Risk 
Region 7 – 388; Risk Region 12 – 356; and Risk Regions 10 and 18 – 352.  The high risk scores 
are associated with high scores for change in in-stream ecological processes for waterways, 
change in habitat structure and connectivity for flora and fauna for riparian habitats, and change in 
habitat structure for flora and fauna for wetland habitat.  High scores for altered hydrology impacts 
were due to high rankings for cropping in three risk regions (Risk Regions 7, 10 and 12), and with 
moderate rankings for land clearing, grazing modified pastures and natural vegetation, intensive 
horticulture and river disturbance for Risk Region 18.  Land clearing was highly ranked for impacts 
on riparian habitats in all four risk regions.  The risk regions with the lowest total risk are Risk 
Region 52 – 4 and Risk Region 51 – 16.  The lower risk scores are due low or ʻnilʼ  risk rankings 
for pressures/threats. 

 

4.3.4 DISCUSSION 
A detailed summary of the advantages and limitations of the RRM in the context of ecological risk 
assessment for tropical rivers is provided by Bartolo et al. (2008).  A summary of these 
advantages and limitations is provided in Table 30.  Elements of uncertainty are also discussed 
by Bartolo et al. (2008).  No uncertainty analysis was undertaken for this application of the RRM 
as it was not within the scope of the project.  However, it should be noted that uncertainty analysis 
is an important component for ecological risk assessment. 

One of the largest sources of uncertainty in this application of the RRM is the input spatial data.  
Once again, much of the uncertainty that is applicable to this project, is documented by Bartolo et 
al. (2008).  For example: 

 

• Transport and communications – the dataset does not account for type of activity (some 
habitats will have a negligible exposure or effect); 

• Sea level rise – reliant on the accuracy of the input DEM and does not take into account 
the impact of extreme events such as storm surge; 
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• Riparian habitat – under-estimation of the amount and location of riparian habitat in 
Western Australia risk regions and over-estimation in Queensland risk regions, and; 

• Waterways – not all waterways have been accurately mapped in the datatset that was 
used. 

 

 
Figure 114.  Relative risk to ecological assessment endpoints across the 52 risk regions of 

the Finniss River Catchment: A- maintenance of flow regime; B- water quality; C- 
maintenance of riparian vegetation; and D- maintenance of biodiversity.  

 

In terms of model application, there are some key areas and uncertainties in parameters that can 
be addressed in future applications of the RRM to north Australian aquatic ecosystems: 

• Type of riparian habitat is not accounted for (some riparian habitats are more resilient to 
disturbance than others); 

• Size of habitat is important in determining effects (smaller patches may be more 
susceptible to disturbance compared with larger patches); 

• Change in habitat structure due to disturbance is not explicit which can determine effects; 

• In terms of effects on biodiversity, some fauna species can adapt to habitat degradation 
(e.g. waterbirds can migrate to other habitat if available); 

• All activities in all risk regions are modelled the same, and; 
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• Currency of datasets. 

 

The use of filters and weights in further applications of the RRM is recommended.  The current 
applications treat threats (such as grazing modified pastures and land clearing) and their 
exposure and hence effects the same as threats of a potentially lesser impact (e.g. transport and 
communications and services).  The treatment and assignment of scores to minimal threats in 
relation to absolute areal extent (e.g. those with <1% cover) compared with those threats with 
larger areal extents (e.g. grazing natural vegetation with up to 99% areal extent) needs to be 
addressed using weights in the model. 

 

4.3.5 SUMMARY AND CONCLUSIONS 
A key challenge in conducting ecological risk assessments at the regional scale is incorporating 
multiple pressures/threats and their effects pathways on multiple ecological assets over large 
areas.  Like the previous TRIAP work, we have applied the RRM and tested the utility of this tool 
for ecological risk assessment for tropical rivers at two scales: northern Australia (62 risk regions) 
and a focus catchment, the Finniss River catchment (52 risk regions).  

The results of the RRM appear to be in agreement with general knowledge of risk to  catchments 
within northern Australia.  That is, those risk regions that were ranked as higher risk concord with 
our knowledge of risk and general information at hand.  The ability to output various components 
of the RRM as maps facilitates visual communication with stakeholders and decision makers who 
can readily relate to interpreting a map. 

We have built upon the work undertaken for the TRIAP and extended the assessment to include 
the North-East Drainage Division.  This resulting RRM has provided a high-level screening tool for 
prioritising areas for further research in terms of ecological risk assessment for aquatic 
ecosystems with a focus on development scenarios, in northern Australia.  

Further work should be conducted on the application of filters and weights to the input pressures 
and threats to further refine the models. 
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Table 30. Summary of the advantages and limitations of the RRM. 

Advantages Limitations 

Robust framework for ERA at the regional scale (Hart 
Hayes and Landis 2004;Obery and Landis 2002; Walker 
et al. 2001; Weigers et al 1998) 

Data input (spatial) may not represent the true nature of 
the pressures/threats and habitats and may require 
weighting factors to be representative (Colnar and 
Landis 2007) 

Enables multiple pressures/threats to be assessed 
against multiple ecological assets (assessment 
endpoints) (Weigers et al. 1998) 

Interactions between pressures/threats and habitats may 
not be well understood either because of a lack of site 
specific data or a lack of appropriate literature. 

Facilitates discussion between risk assessors, 
stakeholders and decision makers (Walker et al. 2001) 

Ranks and risk scores are relative- does not provide an 
estimate of absolute risk. Relative rankings can be 
calibrated if exposure-effect data are available for one or 
more of the endpoints (Weigers et al. 1998) 

Provides a valuable tool for planning fieldwork and 
ground-truthing projects (Walker et al. 2001) 

Relative ranks from one regional model can not be 
compared with relative ranks from another regional 
model (Weigers et al. 1998) unless both sites are part of 
the same set of assessment criteria. 

Graphical output (maps) through risk characterisation 
process (Hart Hayes and Landis 2004; Moraes et al. 
2002; Obery and Landis 2002) 

Information critical to the development of a risk score is 
not readily evident in the output (Weigers et al. 1998) 

Facilitates stakeholder engagement (Obery and Landis 
2002) 

Difficult to quantify uncertainty around ranks within the 
model typically requiring a Monte Carlo or similar 
approach to address (Hart Hayes and Landis 2004) 

Provides a high level screening tool for decision makers 
(Moraes et al. 2002)  

Relying on habitat measures as a surrogate for exposure 
may underestimate risk in risk regions with comparatively 
small extents of habitat (Hart Hayes and Landis 2004) 

Focuses further research (Moraes et al. 2002) Can oversimplify the complexity of interactions (Obery 
and Landis 2002) 

Easy to understand and straight forward output (Landis 
and Weigers 1997) 

Ranks may be misinterpreted and used inappropriately 
(Landis and Weigers 1997) 

Flexible and can be modified to suit the ecological risk 
assessment focus (Colnar and Landis 2007; Andersen et 
al. 2004; Obery and Landis 2002) 

Assumes an additive approach when some 
pressures/threats may have multiplicative effects 
(Andersen et al. 2004) 

Generates testable and spatially explicit hypotheses 
(Weigers et al. 1998; Landis and Weigers 1997) 

Requires spatial data to be available for pressures/threats 
and habitats otherwise they can not be modelled. 

Easily updated as more data becomes available allowing 
alteration of the risk ranks or the uncertainty distributions 
(Weigers et al. 1998; Landis and Weigers 2005) 

Provides an indication of exposure through comparing 
areal extents of pressures/threats and habitats, but does 
not characterise the effects component of risk 
assessment. 

Highlights components where uncertainty should be 
reduced (Moraes et al. 2002) 
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4.4 QUANTITATIVE RISK ASSESSMENT 

4.4.1 INTRODUCTION 
The risk assessment process is now increasingly applied to catchments and their aquatic 
ecosystems because it is transparent, consistent and reliable (Diamond and Serveiss, 2001; 
Serveiss, 2002; Hart, 2004; Hart et al., 2005).  Needless to say, all steps in a risk assessment 
need to be guided at the outset by appropriate conceptual models (Burgman, 2005), and this 
caveat applies to both qualitative and quantitative methods.  Conceptual models are abstractions 
about how we think the world works in order to answer specific questions that may assist decision 
making, and usually takes the form of box and arrow diagrams.  Drewery et al. (2006) suggested 
that conceptual models are basically process-based models hypothesising testable cause-effect 
relationships between stock-flow or storage-transport pathways.  The overall approach, therefore, 
should be to first develop a conceptual model with stakeholders or end-users that captures the 
multiple threats and their pathways to multiple assets, and to then prioritise or rank them all based 
on a qualitative and/or semi-quantitative risk analysis.  The most important step in ranking 
multiple risks occurs between the conceptual model and qualitative assessments where lesser, or 
even trivial risks, are filtered out in order to focus quantitative effort on more significant risks.  

However, given the comprehensiveness of previous assessments undertaken in northern 
Australia (see Table 25), the risk assessment process adopted here starts at the data analysis 
phase.  All risk assessments in this section are underpinned by the “River Disturbance Model” of 
Stein et al. (2002; see Section 4.4.2 & Figure 119), which is essentially a “process-based” 
conceptual model of development threats to aquatic ecosystem assets.  The Quantitative 
Ecological Risk Assessment (QERA) methodology adopted here is basically also an enhanced 
version of the spatially explicit semi-quantitative/qualitative Relative Risk Model (RRM) used in the 
TRIAP project (Bartolo et al., 2012), and reported in this Chapter.  The critical interactions with 
stakeholders and end-users during this risk assessment process should be facilitated with the 
jurisdictional members on the NAWFA2 Project Steering Committee.   

 

4.4.2 METHODS 
As described above (see Table 25) the risk assessment reported here draws on methodologies 
and data from the following previous water resource projects in northern Australia.  The main 
assets and threats data layers for the risk assessments reported here were derived as part of the 
previous NAWFA1 project “Northern Australia Aquatic Ecological Assets” (Kennard 2010, 2011). 
Hence, a summary of definition of terms used in that project is outlined below. 

Aquatic ecosystems are defined as those that depend on flows, or periodic or sustained 
inundation/waterlogging, for their ecological integrity (e.g. wetlands, rivers, karst & other 
groundwater dependent ecosystems, saltmarshes & estuaries), but do not generally include 
marine waters (Auricht, 2010).  This definition excluded artificial waterbodies such as sewage 
treatment ponds, canals and impoundments. 

Hydrosystems are defined as large ʻorganising entitiesʼ designed to represent the variety of 
aquatic ecosystem types (e.g. estuaries, rivers, lakes, palustrine wetlands).  The draft Australian 



Chapter 4: Impacts of climate change and development 
 

 
Page 247:  Tropical Rivers and Coastal Knowledge Report 

National Aquatic Ecosystem (ANAE) classification scheme (Auricht, 2010) now refers to 
hydrosystems as ʻaquatic systemsʼ. 

An Ecotope is defined as the smallest ecologically distinct features in a landscape classification 
scheme (e.g. a ʻtypeʼ of lacustrine hydrosystem).  The ANAE classification scheme (Auricht, 2010) 
now refers to ecotopes as ʻhabitatsʼ. 

The Framework Criteria describes six core biophysical characteristics that have been agreed by 
the Aquatic Ecosystems Task Group (AETG) as appropriate for the identification of High 
Conservation Aquatic Ecosystems or HCVAEs (and includes values such as Diversity, 
Distinctiveness, Vital habitat, Evolutionary history, Naturalness and Representativeness).  In the 
NAWFA1 project each criterion was quantified (ʻscoredʼ), mathematically or statistically, using 
multiple combinations of attributes calculated from the raw biodiversity surrogate data set.  At 
their meeting in October 2010, the AETG agreed to change the name of the HCVAE framework to 
the “High Ecological Value Aquatic Ecosystem” (HEVAE) framework. 

Aquatic ecosystem dependent species are those that depend on aquatic ecosystems for a 
significant portion or critical stage of their lives, or are dependent on inundation for maintenance 
or regeneration. 

A planning unit in the NAWFA1 project is defined as the spatial unit at which the attributes and 
criteria for identifying HCVAEs were applied, and are hydrologically defined sub-catchments. 

 

REPORTING UNITS – AWRC BASINS & SUB-CATCHMENT UNITS 

For compatibility with the previous TRIAP project, AWRC basins (Figure 115a) were chosen as 
the basic catchment-scale reporting unit (excluding islands).  Basins flagged by the jurisdictions 
as special interest areas are blue, the Finniss River basin case study is orange and the South 
Alligator River and Norman River basins are green and brown, respectively (used in a later 
comparison in Section 4.4.3).  The underlying unit of analysis in all risk assessments is the 
Planning unit or sub-catchment unit used in NAWFA1 (Figure 115).  NAWFA1 was a study of 
freshwater aquatic assets (n=5,803 units) and, hence, did not include a very narrow coastal 
margin. However, NAWFA2 requires an assessment of sea level rise impacts and, hence, an 
additional 1,805 sub-catchment units were created (new n = 6,393).    
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a) 

 

 

b) 

 

 
Figure 115a & b.  (a) AWRC basins (black lines) and their sub-catchments units (grey 

lines). Basins flagged by the jurisdictions are blue, the Finniss River basin is orange, and 
the South Alligator River and Norman River basins are green and brown, respectively. (b) 

Close up of the Southern Gulf of Carpentaria showing the sub-catchment units used in the 
NAWFA1 project (green, n=5,308; Kennard 2010) and the additional 1,085 coastal sub-

catchment units used here (blue; new total=6,393). 
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AQUATIC ECOSYSTEM ASSETS 

Aquatic ecosystems (AE)  

The following three high level aquatic ecosystem types used in the NAWFA1project are used in all 
risk assessments as basic assets (see Kennard, 2010; Auricht, 2010; Table 31): Riverine, 
Palustrine and Lacustrine.  Estuarine, Subterranean and Artificial systems are not included in the 
risk analysis.  

 
Table 31. Hydrosystems in northern Australia and their associated aquatic ecosystem 
types within the Australian National Aquatic Ecosystem (ANAE) classification scheme. 

From Kennard (2010), the classification scheme is after Auricht (2010). 
Hydrosystem Ecotope types present in northern Australia 
Estuarine Semi‐enclosed embayments receiving sea water and fresh water inputs, 

mangrove forests, saltmarshes, saltflats, intertidal flats. 
Riverine Rivers, streams and waterbodies that may have fringing aquatic vegetation 

(but not including the hyporheic zone). 
Palustrine Floodplains and vegetated wetlands such as marshes, bogs and swamps, 

including small, shallow, permanent or intermittent water bodies. 
Lacustrine Large waterbodies situated in a topographic depression or river channels 

that are largely open water features but may contain fringing aquatic and 
terrestrial vegetation. 

Subterranean Groundwater environments including the hyporheic zone and underground 
streams, lakes and water‐filled voids. 

Artificial Reservoirs, farm dams, mine tailings dams, flood irrigated field, canals and 
drainage channels. 

 

The distribution of Riverine, Palustrine and Lacustrine freshwater aquatic ecosystems in the 
northern Australia study area are illustrated in Figure 116a & b respectively.  Figure 117a shows 
the density of Riverine (total stream km) aquatic ecosystems per sub-catchment unit across 
northern Australia, and those for Palustrine and Lacustrine aquatic ecosystems (total km2) in  
Figure 117b & c, respectively.  Jenks natural breaks in the distribution of data are used to define 
at least three data classes in all distribution maps reported here (see Jenks and Caspall, 1971). 

A major assumption of the analysis reported here is that all estuarine habitats will be at very high 
risk of change with a 1m+ sea level rise by 2100 (IPCC 2007), and that new estuarine habitats will 
likely be created as sea level rises.  This analysis is more suited to the TRIAP RRM, which uses 
standard and easily recognised habitat types as units of asset assessment (e.g. Rivers & 
Streams; Wetlands, Floodplains & Lakes; Springs & Waterholes; Riparian; Mangroves.  Figure 
118a & b compares the two systems of classification of aquatic ecosystems in the Alligator Rivers 
Region of the Northern Territory. 
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a) 

 

 

b) 

 

 
Figure 116a & b. Distribution patterns of (a) Riverine and (b) Palustrine and Lacustrine 

freshwater aquatic ecosystems in the northern Australia study area (AWRC basins 
shown).  

 

.
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 Figure 117a-d.  (a) Density of Riverine (total km stream), (b) Palustrine (total km2) and (c) Lacustrine (total km2) aquatic ecosystems per sub-

catchment unit across the northern Australia study area. (d) The distribution of HCVAE criteria met at the 99th percentile (the sum of all Criteria); 
criteria 1 (light green) and > 1 (dark green, maximum of 4) are shown.   

(a) 

 

(b)  

 

(c)  

 

(d)  
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Figure 118a & b. (a) Low-lying coastal habitat layers (see map legend).  (b) Close up of the 
Alligator Rivers Region (encompassing Kakadu National Park) showing the distribution of 
Riverine (blue), Lacustrine (green) and Palustrine (pink) freshwater aquatic ecosystems 

(after Kennard 2010). 

 

(a) Low-lying coastal habitats 

 

(b)  Aquatic ecosystem types 
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High Conservation Value Aquatic Ecosystems (HCVAE)  

The NAWFA1 project identified HCVAEs across the Northern Australia study area, and risk 
assessments were undertaken on these values in addition to the three freshwater aquatic 
ecosystem types.  The criteria for identifying HCVAEs are as follows (from Kennard, 2010): 

 

1. Diversity: exhibits exceptional diversity of species or habitats, and/or hydrological and/or 
geomorphological features/processes; 

2. Distinctiveness: is a rare/threatened or unusual aquatic ecosystem; and/or it supports 
rare/threatened species/communities; and/or it exhibits rare or unusual geomorphological 
features/ processes and/or environmental conditions; 

3. Vital habitat: provides habitat for unusually large numbers of a particular species of 
interest; and/or it supports species of interest in critical life cycle stages or at times of 
stress; and/or it supports specific communities and species assemblages; 

4. Evolutionary history: exhibits features or processes and/or supports species or 
communities, which demonstrate the evolution of Australiaʼs landscape or biota; 

5. Naturalness: the aquatic ecosystem values are not adversely affected by modern human 
activity to a significant level, and;  

6. Representativeness:  contains an outstanding example of an aquatic ecosystem class, 
within a Drainage Division (but here applied across Northern Australia). 

 

After a comprehensive and exhaustive quantitative assessment of the Framework used to identify 
HCVAEs, Kennard (2010) suggested that the most robust and transparent approach to identifying 
the subset of planning units (sub-catchment units) that are likely to contain aquatic ecosystems of 
the highest conservation value is simply to identify those that meet the threshold for one or more 
criteria (i.e. akin to the precautionary principle).  They argued also that the total number of 
candidate planning or sub-catchment units can be restricted by simply using a strict threshold 
such as the 99th percentile.  Using this approach they hence identified a set of sub-catchment 
units potentially containing HCVAEs for each of three reporting scales: (i) the entire study region 
(275 sub-catchment units, 6.9% of total area); (ii) each drainage division (282, 6.9% of the total 
area); and (iii) each NASY region (308, 7.7% of the total area). 

The approach adopted here was to assess Development and Sea Level Rise (SLR1) risks to sub-
catchment units that met one or more Criteria at the 99th percentile for the entire study region 
(see  Figure 117d).  The composite metric is here re-scaled to a maximum value of 1.0 for use in 
subsequent risk assessment equations (see Section 4.4.2). 

 

Biodiversity surrogates 

The NAWFA1 project examined the biodiversity values of the following four major aquatic 
ecosystem dependent taxonomic groups across northern Australia using species occurrence 
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records at unique sampling locations: macro-invertebrates (343 locations); fish (3,866 locations, 
103 species); turtles (374 locations, 13 species); and waterbirds (7,922 locations, 106 species).  
Due to data limitations (see Kennard, 2010), macro-invertebrates are not included in subsequent 
analyses.  

 

THREATS TO AQUATIC ECOSYSTEM ASSETS 

Risks from development  

Disturbance Indices 

The two components of the River Disturbance Index model developed by Stein et al. (2002), and 
used in the NAWFA1 project, are used here as high order surrogates of development threats in 
basins across the northern Australia study area (Figure 119).  These are the Catchment 
Disturbance Index (CDI) and the Flow Regime Disturbance Index (FRDI).  Details of the model 
are show in Figure 119 and described by Stein et al. (2002).  The Catchment Disturbance Index 
(CDI) is a catchment summary of human settlements, infrastructure, landuse and point sources of 
pollution that are expected to impact on aquatic ecosystem health (Stein et al., 2002).  The 
method uses geographical data recording the extent and intensity of human activities known to 
impact upon river condition to quantify disturbance along a continuum from near-pristine to 
severely disturbed.  The index is calculated as a runoff contribution-weighted summary of these 
impacts in the catchment upstream and within each planning unit.  This index was calculated 
using the data on human activities detailed in Stein et al. (1998, 2002) with recent (2009) Land 
Use Mapping data for Australia (BRS 2009a), clearing information (BRS 2009b - Integrated 
Vegetation dataset) and infrastructure data from the Geodata TOPO 250K series 2 database 
(Geoscience Australia, 2003).  The Flow Regime Disturbance Index (Stein et al., 2002) is a 
catchment summary of impoundments, flow diversions and levee banks within and upstream of 
each planning unit (calculated using data sources as per CDI).  The model was applied to primary 
data sets across Australia and both indices are scaled to 1.0, hence making them ideal 
candidates for risk assessment as they represent risk probabilities for development threats.  
However, the maximum CDI value across the northern Australia study area is 0.7 and, hence, CDI 
values are re-scaled to 1.0.  The maximum FRDI across Northern Australia is 1.0 and hence, 
values were not re-scaled.  To calculate the RDI assessment endpoint Stein et al. (2002) used the 
mean of the CDI and the FRDI values.  However, this method is not used here for risk 
assessment (see Section 4.4.2).  
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Figure 119. The River Disturbance Model of Stein et al. (2002) showing derivation of the 
catchment Disturbance Index (CDI), the Flow Regime Disturbance Index (FRDI) and their 

assessment endpoint, the River Disturbance Index (figure from Stein et al. 2002). 

 

The distribution of Catchment Disturbance Index (CDI) per sub-catchment across the northern 
Australian study area is shown in Figure 120a and, that for the Flow Regime Disturbance Index 
(FRDI) in Figure 120b.   

The re-scaled CDI and the FRDI are not physical entities as such, but amalgamated high order 
surrogates of diffuse spatial and non-spatial entities and disturbance processes.  Hence, the 
development risk to aquatic ecosystems and HCVAE99 assets in sub-catchments were therefore 
assumed to be effectively captured by CDI and FRDI themselves, either separately or in 
combination. 

 

Risk from climate change – sea level rise (SLR)  

Coasts around the globe will be exposed to increasing risks from climate change and sea-level 
rise (IPCC 2007).  Expected climate-related changes include: an accelerated rise in sea level of 
up to 0.6 m or more by 2100; a further rise in sea surface temperatures by up to 3°C; an 
intensification of tropical and extra-tropical cyclones; larger extreme waves and storm surges; and 
altered precipitation/run-off (Nichols et al., 2007).  However, the mean rate of SLR has recently 
been revised towards the upper projection levels predicted by IPCC4 (see Church and White, 
2011).  Freshwater aquatic ecosystems in coastal basins of northern Australia are vulnerable to 
SLR because they are low-lying, being generally situated within 0.2–1.2 m of the mean high water 
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level (Hare, 2003; Bartolo et al., 2012).  In a recent study of SLR impacts on Kakaduʼs coastal 
wetlands, a 0.7m SLR projection was used based on advice from the DCCCE using a high 
emissions scenario and the latest climate change science (BMT WBM 2010: Kakadu-Vulnerability 
to climate change impacts).  Hence, a mean SLR projection of 1m by 2100 is not unrealistic and 
would likely encompass the effects of increased storm surges coincident with peak tides.  A 1m 
SLR was therefore chosen for risk analysis (see Church et al., 2008, 2011).   

A 1m sea level rise GIS layer was produced from the NASA SRTM 1 sec smoothed DEM, which 
was clipped to the project area and converted to a shape file between AHD (i.e. the zero datum 
for the Australian coastline) and an elevation of 1m.  No corrections were made for potential storm 
surges or geomorphology and hence, this process assumes a uniform sea level rise. 

The extent of a projected 1m sea level rise (SLR1) in 2100 across the Northern Australia study 
area is shown in Figure 121a (for visualisation purposes the actual extent is exaggerated at this 
map scale with a 0.4mm thickness boundary).  The proportion of each sub-catchment unit across 
Northern Australia that will be inundated by a projected SLR1 is show in Figure 121b.  Figure 
121c & d are close-ups that show the intersection between aquatic ecosystem types and 
projected 1m (SLR1) and 2m (SLR2) sea level rises, for the Southern Gulf of Carpentaria and the 
Alligator Rivers Region, respectively.  

The sea level rise risk for each aquatic ecosystem type in all affected sub-catchment units was 
estimated in a GIS by that proportion of the total area or km of steam that was intersected by the 
SLR1 layer.  The SLR1 risk to HCVAE99 assets was estimated as the proportion of the affected 
sub-catchment area that was interested by the SLR1 layer. 
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Figure 120a & b. (a) Catchment Disturbance Index (CDI) of sub-catchments across the 
northern Australian study area and, similarly, for the (b) Flow Regime Disturbance Index 

(FRDI). CDI values are re-scaled to the maximum value across Northern Australia. 
 

 (a) 

 

(b)  
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Figure 121a-d. (a) Coastal areas that may be affected by a projected 1m Sea Level Rise (SLR1) across the northern Australia study area in 2100 
(AWRC study basins in blue, Finniss R basin in orange).  (b) SLR1 risks to sub-catchments (measure as the proportion of area inundated). (c) 

Aquatic ecosystems in the Southern Gulf of Carpentaria at risk from a SLR1 (red 1m rise; black a 2m rise but barely distinguishable). (d) Aquatic 
ecosystems in the Alligators Rivers Region (Kakadu National Park) at risk from a 1m and 2m SLR.    
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QUANTITATIVE RISK ASSESSMENT METHODOLOGY 

Reference frames 

Clarity on what the spatial and temporal reference frames that are used in a risk assessment 
process is critical.  Burgman (2005) defines risk as the probability of an adverse event over a 
given time frame.  Hence, combining risks calculated over two different time frames (e.g. present 
day vs. future) is a dangerous exercise unless all assumptions and caveats are clearly stated.  

 

Temporal 

The most recent update to the primary data layers used in the RDI model (Stein et al., 2002) was 
made for the NAWFA1 project using data up to 2010 (Kennard, 2010) and hence, the reference 
time frame that development risk applies to is for the year 2010.  In contrast, sea level rise 
projections apply to 2100, almost a century in the future.  However, in this report we examine the 
combined risks from development and SLR1 in an attempt to differentiate the effects of the two, 
and where they may interact or exacerbate overall risk.  Needless to say the underlying 
assumption is that after 89 years, development would remain the same as in 2010, and this is of 
course unrealistic.  Regardless, it does provide a bottom line scenario from which developments 
can be projected at different time scales into the future (e.g. what if development in catchments 
doubles & therefore associated risks).  

 

Spatial 

Risks to aquatic ecosystem types and HCVAE99 values are reported at two spatial scales: (i) 
across the northern Australian study area; and (ii) at the AWRC basin scale.  The underlying 
spatial unit of analysis however, for both reporting scales, are the sub-catchments which are on 
average approximately 200 km2 in size (Kennard, 2010). 

 

Calculation of risk probabilities 

Calculating risk from exposures & effects  

The probability of an adverse event is defined as the probability of exposure times the probability 
of effects, and is the interaction term derived by Bayesian statistics (see Venn diagram below and 
Bayliss et al., 2012). 

 

Prisk = Pexposure x Peffects 

 

For example, a 1m sea level rise is predicted to occur by 2100 with 80% certainty (IPCC4 2007: 
Summary for Policy makers), hence, Pexposure = 0.80.  If 50% of a freshwater wetland in a 
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coastal sub-catchment is predicted to be inundated by saltwater as a result, then Peffects = 0.50.  
The risk to wetlands in that sub-catchment is therefore Prisk  = 0.45, or the intersection or 
interaction between exposure and effects.  

 

 

 

Combining two or more risk probabilities 

Similar Bayesian logic is applied to the concept of combining two or more risks to the same asset, 
which is essentially re-scaling to a total risk probability of 10.  For example, if the risk from 
Development (P1 in the Venn diagram below) to all aquatic ecosystems in a sub-catchment is 
0.80 (PDEV = 0.80), and the risk of SLR1 is 0.70 (P2 in the Venn diagram) to those same assets 
(PSLR1 = 0.70), then the combined risk (PCOM) is: 

 

PCOMB = PDEV  + PSLR1 -  (PDEV  x  PSLR1) 
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The interaction term is subtracted from the total to avoid double dipping (i.e. those assets affected 
by development canʼt be affected by SLR & vice versa, although assumes that the effects are 
independent and not multiplicative).   

For > 2 risk factors (P1, P2 & P3 in the Venn diagram) a short-hand formula is: 

 

PCOMB = 1- {[1-(P1  x  P2)] x [1- (P1  x  P3)] x [1-(P2  x  P3)]}   

 

However, the underlying model assumption is additive because all risk factors are considered 
independent.  That is, there are no multiplicative or compounding effects between them, and this 
may not be true.  

 

Uncertainty analysis 

Characterisation of assets, threats and risks 

Despite the simple risk calculations above, observed exposure and effects data are intrinsically 
uncertain because they exhibit natural variability as would be reflected in the frequency 
distributions of their class size intervals (Bayliss et al., 2012).  The probability distribution, or 
probability density function (PDF), of a random variable is the statistical term for a frequency 
distribution constructed from an infinitely large set of values where the class size is infinitesimally 
small (Palisade, 2010).  Hence, the frequency distribution of all risk variables used here over 
class size intervals is converted to continuous probability distributions that can be described by 
ʻBest Fitʼ equations chosen from a large range of candidate equations (Palisade, 2010) and, 
which can be used to characterise the risk factor (essentially a ʻrisk profileʼ).   

Individual and combined development and SLR1 risks to aquatic ecosystems and HCVAE99 
assets in sub-catchments across the northern Australia study area, or in selected basins, were 
therefore characterised using PDFs fitted to exposure and effects (where available) data.  The 
PDFs were then used in conjunction with Monte Carlo simulation to account for uncertainty in the 
risk models.  Monte Carlo methods are stochastic simulations that rely on repeated random 
sampling from a known distribution of data in order to estimate model parameters confidently, and 
are particularly useful for modelling systems with significant uncertainty in inputs such as the 
calculation of risk (Hilborn and Mangel, 1997). 

Risk modelling simulations were undertaken in an ExcelTM - @RiskTM software environment 
(Palisade, 2010).  Where necessary combined risk variables were re-scaled to 1.0 using the 
Bayesian methods described above.  The importance of parameter inputs to risk outputs was 
examined using sensitivity analysis of Monte Carlo outputs.  All PDFs were randomly sampled 
10,000 times or more to derive a stable mean value.  There was little change in mean values 
when > 1 simulations were run (i.e. 2 to 100) and, hence, results reported here only apply to the 
first simulation of 103 random samples. @RiskTM simulation results (Palisade, 2010) include 
graphical displays of the distribution of all possible results from outputs (e.g. via relative frequency 
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distributions & cumulative probability/distribution functions (CDFs)), and generates sensitivity and 
scenario reports that help identify those inputs that are most critical to outputs.  Sensitivity 
analysis is undertaken using regression analysis, whereby sampled input variable values are 
regressed against output values, leading to a measurement of sensitivity by input variable.  
Results of the sensitivity analysis are displayed as a ʻTornadoʼ type chart, with longer bars at the 
top representing the most significant input variables in a positive or negative direction (Palisade, 
2010). 

Probability distribution functions can be used to characterise the innate variability of any value, 
such as aquatic ecosystem assets (see Kennard et al., 2010b) and threats to those assets.  All 
statistical functions used in subsequent risk analyses at all reporting scales are summarised in 
Appendix Section 8.4; (Table 95 - Table 99). 

 

REPORTING SCALES 

Northern Australia NAWFA region 

Across basins 

A total of 53 AWRC basins in the NAWFA2 study area are reported here (Table 32, Figure 115a), 
and exclude basins from the east coast of Australia, Torres Strait and large islands such as 
Melville and Bathurst Islands and Groote Eylandt.  

 

Basin means 

The inherent variability of assets and risks between sub-catchment units across northern Australia 
was large as the statistical distribution functions indicate (Appendix Section 8.4; Table 96).  
Hence, basin means are also used to analyse risk in an attempt to reduce this variability.  We 
therefore treat variability in risks between basin means as a key attribute at this reporting scale.  
Key mean variables by basin that were used in risk assessments are summarised in Appendix 
Section 8.5; Table 100) 

 

Basins flagged by jurisdictions 

The basins flagged by the jurisdictions for special attention are highlighted at all reporting scales. 
Three basins were selected for more detailed analysis and comparison (see below).   
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Table 32. AWRC Basins used in this study. Basins selected by jurisdictions for attention 
are highlighted in blue, and the Finniss River case study basin highlighted in orange.  

Basin 
Adelaide River Limmen Bight River 
Archer River Liverpool River 
Blyth River Mary River 
Buckingham River McArthur River  
Calvert River Mitchell River 
Cape Leveque Coast Morning Inlet 
Coleman River Moyle River 
Daly River Nicholson River 
Drysdale River Norman River 
Ducie River Ord River 
East Alligator River Pentecost River 
Embley River Prince Regent River 
Finniss River Robinson River 
Fitzmaurice River Roper River 
Fitzroy River Rosie River 
Flinders River Sandy Desert 
Gilbert River Settlement Creek 
Goomadeer River South Alligator River  
Goyder River Staaten River 
Holroyd River Towns River 
Isdell River Victoria River 
Jardine River Walker River 
Keep River Watson River 
King Edward River Wenlock River 
Koolatong River Wildman River 
Leichhardt River Wiso 
Lennard River  

 

Comparing basins with different risk factors 

The South Alligator River & Norman River basins 

The South Alligator River and Norman River basins were chosen for more detailed comparison of 
risk because of their contrasting land uses, reflecting a high value conservation area (Kakadu 
National Park) and intensive land use and associated catchment disturbance, respectively (see 
Figure 115a, green & brown highlighted basins).  All statistical functions used in subsequent risk 
analyses are summarised in Appendix Section 8.4 (Table 97).  
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Finniss River case study – comparing methodologies 

The Finniss River basin in the Northern Territory was chosen as a case study area to compare 
RRM methodologies at a fine scale resolution.  Additionally, Bartolo et al. (2012) identified this 
basin as being most at risk from development pressures due to an expanding urban population in 
nearby Darwin (see Figure 115a & Figure 121a, basin highlighted in orange).  Hence, future 
development scenarios may be assessed with a greater degree of certainty than for other basins 
in the study area.  All statistical functions used in risk analyses are summarised in Appendix 
Section 8.4; Table 98). 

Whilst both RRM approaches are spatially explicit and address the same Development and SLR1 
threats, their assessment pathways and endpoints are sufficiently different to make any 
meaningful comparison difficult except at a high level.  They are essentially “apples” and 
“oranges” in the risk assessment tool box that fulfil different functions in order to achieve the same 
goal.  Each methodology has their own strengths and weaknesses (Table 30).  Hence, overall risk 
results using both methodologies are first compared at the basin level across the NAWFA study 
area using 14 selected by jurisdictions for special attention, and the Finniss River basin.  A 
comparison is then made at a finer sub-catchment level of resolution in the Finniss River basin. 

 

CLIMATE CHANGE RISK TO BIODIVERSITY  

Risk from sea level rise (SLR)  

A Habitat Suitability Models (HSM) was developed for each species in the NAWFA1 project based 
on relationships between speciesʼ occurrences and environmental attributes (Kennard, 2010).  
The risk from evelopment and SLR1 was assessed for selected species in each sub-catchment 
by examining the intersection with both threats where they are predicted to occur.  Species were 
selected arbitrarily for demonstration purpose only, however an attempt was made to include 
species with restricted and broader ranges within each fauna group.   

 

Turtles 

Species selected were: the Long-neck turtle; the pig-nose turtle; the Gulf-snapping turtle; and the 
Red-faced turtle.  

 

Freshwater fish 

Species selected were: the Barramundi; the Common archer fish; the Golden goby; and the Sooty 
grunter. 
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Waterbirds 

Species selected were: the Magpie goose; the Green pygmy goose; the Great cormorant; and the 
Glossy ibis. 

 

Risk from changes in rainfall & ambient temperature  

There are few quantitative predictions for the impacts of climate change on the biodiversity of 
freshwater fauna in Australia, with implications for the future conservation and restoration of 
freshwater aquatic ecosystems (Davies, 2010).  One exception is the species distribution models 
developed by Bond et al. (2011) for 43 species of freshwater fish from Victorian streams based on 
a suite of hydro-climatic and catchment predictors, which were used to explore predicted range 
shifts under future climate-change scenarios.  

However, given time constraints, no attempt was made to quantify risks to aquatic biodiversity 
across the study area as a result of changes in other climate-related variables such as rainfall and 
temperature.  This is examined in detail for a handful of species in selected basins in Chapter 
Three, where hydrological and ecological thresholds in relation to the 2030 development and 
climate change scenarios used in the NASY project.  Nevertheless, the NAWFA1 data sets are 
comprehensive and, used in combination with the OzClim climate scenario simulation tool 
(CSIRO 2008), may offer future opportunities for quantitative risk assessments out to 2100 (rather 
than 2030), and this is briefly explored in this section.  

Selected species from the huge array of predicted species distribution maps developed in the 
NAWFA1 project by Kennard (2010) were overlaid with the spatial extent of the following two 
OzClim (Ricketts and Page 2007; CSIRO, 2008) climate change scenarios for 2100 in an attempt 
to develop a method to characterise potential exposures over large geographic regions: 

 

1. A hotter climate (via temperature change 0C/y). 

2. A hotter and wetter climate (via rainfall change mm/y). 

3. A hotter and drier climate (via rainfall change mm/y).  

 

INTEGRATING BAYESIAN BELIEF NETWORK (BBN) 

A BBN is a probabilistic model of a system and its conditional dependences, as represented by a 
directed acyclic graph consisting of variable nodes and links (Marcot et al., 2001; 2006; Bayliss et 
al., 2012; Chan et al., 2010a; b; Batchelor and Cain, 1999).  The structure of a BBN is based on a 
conceptual model where causal relationships are made explicit and the probabilistic relationships 
between variables can be updated using Bayesʼ Theorem (Hart, 2004).  Node values are 
determined by mutually exclusive discrete states (McCann et al., 2006), such as High and Low 
risk.  Each ʻparentʼ node takes as input a particular set of values from ʻchildʼ nodes to give the 
probability of the variable state that they represent (Bayliss et al., 2012).  The conditional 
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relationships, or dependencies, between parent and child nodes are defined by Conditional 
Probability Tables (CPT) that underlie each node.  

The risk outputs reported here were incorporated into a BBN using NeticaTM software (Netica, 
2010; see Cain, 2001).  The structure of the BBN mirrors the conceptual risk model used in all 
analyses to assess the individual and combined threats from development and SLR1 to aquatic 
ecosystems and HCVAE99 assets.  Additionally, the development component of our risk model is 
itself underpinned by the conceptual River Disturbance Model developed by Stein et al. (2002).  
Whilst BBNs are not amenable to advanced modelling techniques, they are a much more powerful 
communication tool than most risk software because they are graphically based and therefore 
more suitable as a decision-making tool for stakeholders.  The cascade effect of a change in 
variable state, or the subjective value of a decision, and/or the uncertainty associated with it, can 
be observed instantaneously. 

Variable nodes in the BBN that represent different state levels of aquatic assets, threats or risks 
were all underpinned by either a probability density function that characterises the frequency 
distribution of their mean basin value across the study area, or by equations.  The formulae 
outlined above (Section 4.4.2) used to combine exposure probabilities, or to combine two or more 
risk probabilities, were used as equations in the BBN with continuous data outputs converted to 
discrete data.  The statistical functions used in the BBN were first assessed by @Risk (Palisade, 
2010, v5.7) software using their “Best Fit” procedure (Appendix Section 8.4; Table 95 - Table 99).  
However, compared to @Risk, there is a limited selection of “off the shelf” PDFs available in 
NeticaTM and hence, an alternative computational method was derived for incorporation into the 
BBN (see Results).   

To choose the appropriate level of a parent or child node in the BBN, users (e.g. basin managers) 
are referred to the summary tables of mean basin asset and threat data in Appendix Section 8.5. 

 

4.4.3 RESULTS 

NORTHERN AUSTRALIA NAWFA REGION 

Risk assessment across basins 

Spatial distribution of risks 

The extent and intensity of development risks (2010) to Riverine, Palustrine and Lacustrine 
aquatic ecosystems across the northern Australia study area are illustrated in Figure 122a-c, 
respectively.  Similarly, the development risks combined across all aquatic ecosystem types is 
illustrated in Figure 122d.  The highest Development risks are concentrated around three broad 
regions with predominantly agricultural land use: the Ord-Pentecost basins (WA); the Finniss-
Adelaide-Mary-Roper basins (centred on Darwin, NT); and basins in the southern Gulf of 
Carpentaria (GoC) -western Cape York (Qld).  Of the three regions the southern GoC basins 
show the greatest risk from development.  

 



Chapter 4: Impacts of climate change and development 
 

 
Page 267:  Tropical Rivers and Coastal Knowledge Report 

 

Figure 122a-d. Development risks in 2010 to: (a) Riverine; (b) Palustrine; and (c) Lacustrine aquatic ecosystems. (d) Total development risks 
combined across aquatic ecosystem types.   

 (a) 

 

(b)  

 

(c)  

 

(d)  
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Figure 123a-d.  Sea level rise risks (SLR) to: (a) Riverine; (b) Palustrine; and (c) Lacustrine aquatic ecosystems in 2100 across the northern 
Australia study area. (d) SLR1 risks combined across all aquatic ecosystems.  
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The extent and intensity of SLR1 risk to aquatic ecosystem types across the study area are 
illustrated in Figure 123a-c, respectively.  Similarly, the total SLR risk combined across all aquatic 
ecosystem types is illustrated in Figure 123d.  Although the distribution of SLR1 risks across the 
northern coastline is patchy, three regions stand out: Joseph-Bonaparte Gulf (WA); northern 
Arnhem Land (NT); and the southern GoC (Qld). 

The extent and intensity of the combined risk from Development and SLR risk is illustrated in 
Figure 124, and assumes that risks from development will remain constant for the next 88 years.  
The following four broad regions of high combined risk were identified: the Ord-Pentecost basins 
(WA); the Finniss-Adelaide-Mary-Roper basins (all around Darwin, NT); Joseph-Bonaparte Gulf; 
basins in northern Arnhem Land (NT); and basins in the southern GoC-western Cape York (Qld) 
region.  These spatial results indicate also that some regions without significant current 
development will still be at high risk but from SLR1 (e.g. Joseph-Bonaparte Gulf & northern 
Arnhem Land).  

The extent and intensity of risks to HCVAE99 values from development in 2010 and SLR1 in 2100 
are illustrated in Figure 125a & b, respectively, showing much regional variation.  Development 
risks to HCVAE99 assets were greatest in basins around Darwin and the upper Daly River basin 
(NT), and in southern GoC and western Cape York basins (Qld).  Sea level rise risks to HCVAE99 
assets were greatest in the Adelaide-Mary basins, basins of Alligator Rivers Region (NT) 
encompassing Kakadu National Park, the coastal sub-catchments of the Roper River basin, and 
coastal sub-catchments of basins in the southern GoC and western Cape York. 

 

 
Figure 124.  The combined total risks to aquatic ecosystems from development and a 1m 
Sea Level Rise (SLR1) in 2100 (& assumes that development risks will remain constant 

after 89 years). 
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Figure 125a-c. Risks to HCVAE99 assets (sum of criteria met at the 99th percentile) from: (a) development in 2010; and (b) a 1m sea level rise 
(SLR1) in 2100.  (c) Combined total risks in 2100 (and assumes development risk will remain constant after 89 years).

(a) 

 

(b)  

 

(c)  
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Asset & threat characterisation 

The occurrences of aquatic ecosystem types across the northern Australia study area were first 
characterised using “Best Fit” statistical functions (Palisade, 2010) applied to the frequency of 
sub-catchment density data (n=6,393 or < if the ecosystem type did not occur in a sub-
catchment).  All statistical functions used to characterise aquatic ecosystem, and HCVAE99 
assets, are summarised in Appendix Section 8.4.  By way of example, the relative frequency 
distribution and cumulative probability function for Riverine ecosystems are illustrated in Figure 
126a & b, respectively.  On average there is 134 km of Riverine ecosystem per sub-catchment 
and 2.8 and 0.2 km2 of Palustrine and Lacustrine ecosystems, respectively. There is about 12 
times more Palustrine than Lacustrine ecosystem in the study area.   

 

 
Figure 126a & b. Characterisation of Riverine ecosystems using ʻBest Fitʼ statistical 

functions applied to sub-catchment data (see text). (a) Relative frequency and (b) 
cumulative probability distributions (observed data blue, predicted data red).  Similar 

functions were derived for Palustrine and Lacustrine ecosystems, and HCVAE99 assets 
(sum of all criteria met at the 99th percentile, after Kennard, 2010), Appendix Section 8.4. 

 

Threats from Development in 2010 and SLR1 in 2100 to aquatic ecosystems and HCVAE99 
assets were also characterised using “Best Fit” statistical functions (Palisade, 2010) using sub-
catchment CDI and FRDI data.  On average the re-scaled CDI is 6 times greater than the FRDI 
(0.19 cf. 0.03), and this difference is maintained using raw CDI data.  

The threat to aquatic ecosystems within sub-catchments from SLR1 was estimated directly by the 
area of overlap (intersection) with a projected SLR1.  The overlap areas (km2) were converted to 
proportions and comprise an estimate of SLR1 risk to those ecosystem types.  The threat from 
SLR1 to sub-catchments identified as having HCVAE99 assets was simply estimated by the 
proportion of the sub-catchment inundated by sea water.  

 

Risk profiles 

Risk profiles for development and SLR1 threats to aquatic ecosystem were then derived using the 
risk calculation methods outlined in Section 4.4.2 and the statistical methods used to characterise 
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assets and threats data described above.  Monte Carlo simulations (n=10,000) were undertaken 
to capture innate variability in data distributions and to derive stable mean values (Palisade, 
2010).  Statistical functions of risk profiles that exhibited minimum and maximum values outside of 
the 0 to 1.0 boundary condition for a probability value were truncated for simulation purposes, 
resulting in slight biases of mean values (< + 4% for revelopment risks and < +1 % for SLR1 
risks). 

Risk profiles for development and SLR1 threats to each aquatic ecosystem type, and to 
HCVAE99 assets, are summarised in Appendix Section 8.4.  The contrast in development and 
SLR1 risk profiles to all aquatic ecosystem types combined is illustrated in Figure 127a & b.  
Results show that Development risk in 2010 is about 5 times greater than a projected SLR1 risk in 
2100 (0.39 cf. 0.08, respectively).  However, SLR1 risks will likely exacerbate current 
development risks.  The profiles show also that Development risks have higher values across a 
broader range than did the SLR1 risks. In contrast, Development risks in 2010 to HCVAE99 
assets were about 23 times that of SLR1 risk in 2100 (0.0045 cf. 0.0002), however, with the 
overall combined risk being very small (< 0.005 or ~ 0.5%).   

 

 
Figure 127a & b.  Contrast in development (red) and SLR1 (blue) risk profiles across 

northern Australia basins for aquatic ecosystem types combined. (a) Relative frequency 
distribution and (b) cumulative probability functions.   

 

Uncertainty analysis 

Monte Carlo simulations (n=10,000) and sensitivity analysis using @Risk software (Palisade, 
2010) were undertaken on all risk profiles to ascertain the relative contributions of each risk factor 
to total risk.  Probability density functions (PDFs) were used in simulations rather than relative 
frequency distributions.  Sensitivity analysis shows that Riverine ecosystems contributed most to 
total development risk, followed closely by Palustrine ecosystems, with Lacustrine ecosystems 
contributing the least (Figure 128a-c).  Similar trends were found for total SRL1 risk, but with 
Riverine ecosystems contributing about 7 times more than Palustrine ecosystems (Figure 128d-f).  
Sensitivity analysis showed also that development risk contributed about 4 times more than SLR1 
risk to the combined risk (Figure 128g-i), but assumes that development will remain constant to 
2100.  The development and SLR1 risks to HCVAE99 values were too small to warrant 
uncertainty analysis.
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Figure 128a-i.  Sensitivity analysis for: (a-c) total development and (d-f) total Sea Level Rise (SLR1) risks to Riverine, Palustrine and Lacustrine 
ecosystems. (a & d) Probability distribution functions (PDF), or total risk profile, for development and SLR1 threats, respectively. (b & e) 

Cumulative probability functions for development and SLR threats, respectively. (c & f) Tornado graphs showing the relative contributions of 
each aquatic ecosystem type to the total development and SLR1 risk, respectively.  (g-i) Similarly for the total combined risks (development & 

SLR1) to aquatic ecosystems.  

(a)   

 

(b)  

 

(c)  

 

(d)   

 

(e)  

 

(f)  
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Figure 128 (cont).  g-i 

 

(g)   

 

(h)  

 

(i)  
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Risk assessment using basin means 

Risk profiles 

The frequency distribution of mean basin sub-catchment assets and threats data exhibited similar 
patterns to those derived for the northern Australia study area across sub-catchments (Appendix 
Section 8.4; Table 96).  Risk profiles were similarly derived as described above for analysis at the 
sub-catchment level.  The contrast in development and SLR1 risk profiles to all aquatic ecosystem 
types combined, using basin means, is illustrated in Figure 129a & b, and results are similar to 
those across sub-catchments (see Figure 127a & b).  Results show that risk from development in 
2010 is about 3 times greater than risk from SLR1 (0.53 cf. 0.19).  Development risks in 2010 to 
HCVAE99 assets using basin means were also about 23 times that of SLR1 risk (0.0045 cf. 
0.0002), with the overall combined risk being very small (< 0.005 or ~ 0.5%).   

 

 
Figure 129a & b. Contrast in development (red) and SLR1 (blue) risk profiles across 

northern Australia using mean basin values for aquatic ecosystem types combined. (a) 
Relative frequency distribution and (b) cumulative probability function. Similar risk 

profiles were developed for HCVAE99 assets using mean basin values.   

 

Uncertainty analysis 

Monte Carlo simulations (n=10,000) and sensitivity analysis were also undertaken on all mean 
basin risk profiles to ascertain their relative contributions to total risk.  In contrast to the analysis 
across basins, sensitivity results using mean basin values showed that all aquatic ecosystem 
types contributed equally to total development risk (Figure 130a-c).  Riverine ecosystems 
contributed most to total SLR1 risk and, in contrast to previous analysis, Lacustrine ecosystems 
contributed more than Palustrine ecosystems (Figure 130d-f).  Overall, however, mean total 
development and SLR1 risks are very similar.  Additionally, sensitivity analysis (Figure 130g-i) 
showed that development risk contributed slightly more than SLR1 risk to total combined risk to 
aquatic ecosystem types.  Although the overall pattern of results using basin means are similar to 
those using sub-catchment data, these differences warrant further investigation.  As with the 
previous analysis, the development and SLR1 risks to HCVAE99 values were too small to warrant 
uncertainty analysis. 
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Figure 130a -i.  Sensitivity analyses for (a-c) total development risk, and (d-f) total Sea Level Rise (SLR1) risk, to Riverine, Palustrine and 
Lacustrine aquatic ecosystems using mean basin values. (a & d) probability distribution functions (PDF), or total risk profiles, for development 

and SLR1 risks, respectively. (b & e) cumulative probability functions for development and SLR1 risks, respectively. (c & f) Tornado graphs 
showing which input variables contributed most to total risk.  (g-i) Similarly for total combined risks (development & SLR1) to aquatic 

ecosystems.  

(a)   

 

(b)  

 

(c)  

 

(d)  

 

(e)  

 

(f)  
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Figure 130 (cont).  g-i  

 

(g)   

 

(h)  

 

(i)  
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BASINS FLAGGED BY JURISDICTIONS 

Risk profiles by basins 

The above results suggest that using mean basin values should produce comparable risk results 
to more detailed sub-catchment analysis across basins, particularly when comparing total risks 
across aquatic ecosystem types, or when comparing combined risks from different risk factors.  
Hence, risks are now compared between basins using basin means. 

Figure 131 is a Tornado graph that ranks the mean total development risk to all aquatic 
ecosystems of AWRC basins in the study area, from highest (top) to lowest (bottom).  The basins 
selected by the jurisdictions are highlighted in blue and the Finniss River basin is highlighted in 
orange.  The basins most at risk from current development threats are the cluster in the southern 
GoC (Qld) and the Adelaide River basin close to Darwin (NT).  In contrast, the basins least at risk 
from current development are the cluster in remote Arnhem Land (NT), the South and East 
Alligator River basins in Kakadu National Park, and the remote Moyle River basin. 

Figure 132 ranks the mean total SLR1 risk to aquatic ecosystems of AWRC basins from highest 
to lowest.  The basin most at risk is Mornington Inlet, being a small low-lying coastal basin.  
Whilst SLR1 risk across the north is patchily distributed, the risk will most likely depend on the 
length of coastline that basins have in combination with the susceptibility of adjacent aquatic 
ecosystems prone to sea water inundation. 

Figure 133 ranks the mean combined risk to aquatic ecosystems of AWRC basins from highest to 
lowest.  Mornington Inlet retains first place due to its very high risk from SLR1, whilst all previous 
basins with high development risks remain clustered at the top. 

Figure 134 ranks the mean total Development risks to HCVAE99 values of AWRC basins in the 
study area from highest (top) to lowest (bottom).  Basins selected by the jurisdictions are 
highlighted in blue, and the Finniss River basin is in orange.  Whilst the maximum risk value is low 
(<0.08), the Adelaide River basin particularly stands out above the rest followed by the adjacent 
Mary River basin.  

Figure 135 ranks the mean total SLR1 risk to HCVAE99 assets of AWRC basins from highest to 
lowest, with the Mornington Inlet standing out above the rest.  However, SLR1 risk values are too 
low to warrant meaningful comparisons. 

Figure 136 ranks the mean combined risk to HCVAE99 assets of AWRC basins from highest to 
lowest, the Adelaide River standing out head and shoulders above the rest, and followed by the 
adjacent Mary River basin.  
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Figure 131.  Tornado graph ranking development risks to aquatic ecosystems (Kennard, 
2010) using sub-catchment means of AWRC basins. Basins flagged by jurisdictions are 

blue and the Finniss River basin is orange. 

 

 
Figure 132.  Tornado graph ranking Sea Level Rise (SLR1) risks to aquatic ecosystems 

(Kennard, 2010) using sub-catchment means of AWRC basins. Basins flagged by 
jurisdictions are blue and the Finniss River case study basin is orange.  
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Figure 133.  Tornado graph ranking combined (development & SLR1) risks to aquatic 

ecosystems (Kennard, 2010) using sub-catchment means of AWRC basins (assumes that 
development risks will be constant for 89 years). Basins flagged by jurisdictions are blue 

and the Finniss River basin is orange. 

 

 
Figure 134.  Tornado graph ranking development risks to HCVAE99 assets (sum of all 

criteria met at the 99th percentile; Kennard, 2010) using sub-catchment means of ARWC 
basins. Basins flagged by jurisdictions are blue and the Finniss River basin is orange. 
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Figure 135. Tornado graph ranking Sea Level Rise (SLR1) risk to HCVAE99 assets using 
sub-catchment means of AWRC basins. Basins flagged by jurisdictions are blue and the 

Finniss River basin is orange. 

 

 
Figure 136.  Tornado graph ranking combined (development & SLR1) risks to HCVAE99 

assets using sub-catchment means of AWRC basins. Basins flagged by jurisdictions are 
blue and the Finniss River basin is orange. 
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FINE-SCALE COMPARISON OF BASINS WITH CONTRASTING LAND USE 

The Norman South Alligator River basins 

Spatial distribution of basin assets and risks 

The distribution and extent of Riverine, Palustrine and Lacustrine aquatic ecosystems in the 
Norman River basin are illustrated in Figure 137a & b, and that for HCVAE99 assets in Figure 
137c.  The predominant aquatic ecosystem is Riverine.  

Total development and SLR1 risks to aquatic ecosystems in the Norman River basin are 
illustrated in Figure 138a & b, respectively, and those for HCVAE99 assets in Figure 138c & d, 
respectively.  Development risk is extensive throughout the basin and, in contrast, SLR1 risk is 
confined to the mouth of the Norman River and associated small coastline.   

In contrast, the South Alligator River basin inside Kakadu National Park has extensive aquatic 
ecosystems of all types (Figure 139a & b) and, additionally, has more extensive (with a higher 
rating) of HCVAE99 assets (Figure 139c).  Development risk to aquatic ecosystem assets is low 
(Figure 140a), and more extensive in the south-west corner of the basin reflecting previous land 
use (cattle grazing).  The risk to aquatic ecosystems from SLR1 is high to medium, and confined 
to the northern section of the basin close to the river mouth.  The risk from development to aquatic 
ecosystems and HCVAE99 assets is low overall (Figure 140a & c, respectively) and, similarly, for 
the risk from SLR1 (Figure 140b & d). 

 

Risk profiles 

All risk profiles for development and SLR1 threats to each aquatic ecosystem type, and to 
HCVAE99 assets, are summarised in Appendix Section 8.4 (Table 97).  A comparison of the 
development and SLR1 risk profiles to aquatic ecosystems for the Norman River and South 
Alligator River basins is illustrated in Figure 141a & b and Figure 141c & d, respectively.  Risk 
profiles were derived by Monte Carlo simulation (n=10,000) as outlined in previous sections.  The 
mean risk from development is about 19 times greater in the Norman River basin than the South 
Alligator River basin (mean 0.503 cf. 0.026).  Additionally, development risks in the Norman River 
basin are spread out over a greater range of higher values than the South Alligator River basin.  
Whilst the spread of SLR1 risk is similar between basins, in contrast the South Alligator River 
basin exhibits a handful of very high values.  The risk from SLR1 is about 4 times greater in the 
South Alligator River basin than the Norman River basin (mean 0.164 cf. 0.044).  

The risk to HCVAE99 assets from development in the Norman River basin is twice that of the 
South Alligator River basin (mean 0.013 cf. 0.008).  In contrast, SLR risk is 13 times greater in the 
South Alligator River basin than the Norman River basin (mean 0.026 cf. 0.002).  
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(a) 

 

(b)  

 

(c) 

 

 
Figure 137a-c. The distribution of (a) Riverine, and (b) Palustrine and Lacustrine, aquatic ecosystems, in the Norman River basin (the main stream 

channels are blue).  (c) Similarly, for HCVAE99 assets ((the sum of all criteria met at the 99th percentile; Kennard 2010).  
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(a) 

 

(b) 

 

(c)  

 

(d) 

 

 
Figure 138a-d.  Risk to aquatic ecosystems in the Norman River basin from (a) development (2010) and (b) Sea Level Rise (SLR1; 2100).  Similarly, 

risks to HCVAE99 assets from (c) development (2010) and (d) Sea Level Rise (SLR1).    
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 (a) 

 

(b)  

 

(c) 

 

Figure 139a-c. The distribution of (a) Riverine, and (b) Palustrine and Lacustrine, aquatic ecosystems in the South Alligator River basin.  (c) 
Similarly for HCVAE99 assets (the sum of all criteria met at the 99th percentile; Kennard 2010). 
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(a) 

 

(b) 

 

(c)  

 

(d) 

 

Figure 140a-d.  Risk to aquatic ecosystems in the South Alligator River basin from (a) development (2010) and (b) Sea Level Rise (SLR1).  
Similarly, risks to HCVAE99 assets from (c) development (2010) and (d) Sea level rise (SLR1) 
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Figure 141a-d.  Comparison of development and Sea Level Rise (SLR1) risk profiles to aquatic ecosystems for two basins with contrasting land 

uses (the South Alligator River basin in Kakadu National Park c.f. the Norman River basin in the Southern Gulf of Carpentaria). “Best Fit” 
statistical functions (Palisade, 2010) were derived from sub-catchment data within basins. (a) Relative frequency distribution and (b) cumulative 

probability function (South Alligator R basin green, Norman R basin brown) for development risks.  (c & d) Similarly for SLR1 risk.   
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FINNISS RIVER CASE STUDY  

Quantitative Relative Risk Model 

Spatial distribution of basin assets and risks 

The sub-catchments (n=53) of the Finniss River basin are shown in Figure 142a.  The distribution 
and extent of Riverine, Palustrine and Lacustrine aquatic ecosystems are illustrated in Figure 
142b, and includes foreshore tidal mudflats and mangroves.  The predominant aquatic ecosystem 
type is Riverine and, in contrast, Lacustrine ecosystems are rare and small in size.  The 
distribution of HCVAE99 assets is mapped in Figure 142c and, whilst extensive in the basin, only 
one criteria was met throughout.  

The CDI (not re-scaled to northern Australia) and the FRDI in the Finniss River basin are 
illustrated in Figure 143a & b respectively, showing that most disturbances are catchment based 
and occur in the southern and north-eastern parts of the basin.  Total development risk to aquatic 
ecosystems is mapped in Figure 143c, and that for total SLR1 risk in Figure 143d.  High to 
medium development risks are extensive, reflecting significant catchment disturbances.  High to 
medium SLR1 risks are also extensive, reflecting the occurrence of extensive low-lying coastal 
wetlands associated with the Finniss River.   

Where HCVAE99 assets occur in the Finniss River basin, risk from total development is rated as 
low to medium (Figure 144a) and, in contrast, the risk from a SLR1 is very low (Figure 145b).   

 

Risk profiles 

All risk profiles for development and SLR1 threats to each aquatic ecosystem type, and to 
HCVAE99 assets, are summarised in Appendix Section 8.4 (Table 98).  A comparison of 
development and SLR1 risk profiles to aquatic ecosystems in the Finniss River basin is illustrated 
in Figure 145a & b.  The combined risk profile is shown in Figure 145c.  The risks from 
development and SLR1 are similar (0.38 cf. 0.36, respectively), relatively high and both exhibit 
similar risk profiles (i.e. a “U”- shaped Beta-general PDF).  The combined risk is therefore even 
higher (0.60), and the shape of the risk profile is highly skewed towards 1.0, possibly reflecting a 
handful of very small coastal sub-catchments susceptible to sea level rise.  

 

Uncertainty analysis 

Monte Carlo simulations (n=10,000) and sensitivity analysis were also undertaken to ascertain the 
relative contributions of each risk factor to the combined risk to aquatic ecosystems.  Results 
show that development and SLR1 risks contributed similar amounts to the combined risk (0.72 cf. 
0.60 respectively, Figure 145d).  The mean risks to HCVAE99 assets from development and 
SLR1 were insignificant, and so do not warrant uncertainty analysis (0.01 & 0.0003, respectively). 
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(a) 

 

(b)  

 

(c) 

 

Figure 142a-c. The distribution of (a) Riverine ecosystems, and (b) Palustrine and Lacustrine ecosystems, in the Finniss River basin (foreshore 
tidal & mangrove habitats are shown also). (c) The distribution of HCVAE99 assets (sum of all criteria met at the 99th percentile; Kennard, 2010).    
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(a) 

 

(b)  

 

(c)  

 

(d) 

 

Figure 143a-d.  Distribution of (a) Catchment Disturbance Index (CDI) values, and (b) Flow Regime Disturbance Index (FRDI) values, in the Finniss 
River basin.  The distribution of (c) total development and (d) Sea Level Rise (SLR1) risks to aquatic ecosystems.  
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(a) 

 

(b) 

 

 

Figure 144a & b.  The distribution of (a) total development risk to HCVAE99 assets in the 
Finniss River basin, and (b) that for a Sea Level Rise (SLR1) risk. 

 

Comparison of RRM approaches  

The NAWFA study area 

The combined risk (Pc) to aquatic ecosystems from development and SLR1 risks in each of the 
15 basins derived in this study were compared to the Total Relative Risk Rank (TRR) derived in 
4.3.2 using regression analysis.  The TRR scores were first normalised to their maximum value to 
facilitate comparison with the mean sub-catchment probability values derived here for each basin.  
With the exclusion on one outlier (Mitchell River basin) the relationship is significant and non-
linear (Figure 146a).  Although the two methods use very different assessment pathways and 
complex assessment endpoints, the results suggest that overall they will produce similar 
outcomes at the basin level although there will likely be exceptions.  This is highlighted in Figure 
146b, which compares the risk rank scores of basins using the two risk assessment 
methodologies.  Major differences occur in the Mitchell River, King Edward River, Finniss River 
and Norman River basins. 

 

The Finniss River basin 

The spatial units used to define relative risk regions in the Finniss River basin were similar to the 
sub-catchment units used here, hence mean values derived from both sets of spatial units using 
the two different risk assessment methodologies were compared.  The relative risk scores across 
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risk sub-regions (n=52) in the basin were first normalised to their maximum value to facilitate 
comparison with the mean sub-catchment probability values derived here.  Results for three high 
level risk assessment endpoints derived by the rank-based RRM (Bartolo et al., 2012) and the 
quantitative method developed here are, overall, very similar (Table 33) and, in combination with 
the preceding analysis, suggests that both methodologies could be used in a complimentary risk 
approach given that they have different strengths and weaknesses.   
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Figure 145a-d.  Comparison of development and Sea Level Rise (SLR1) risk profiles to aquatic ecosystems for the Finniss River basin. (a) Relative 
frequency distribution and (b) cumulative probability function for development (red) and a SLR1 (blue) risks.  (c) Combined risk profile (PDF), and 

(d) Tornado graph showing the relative contributions of development and SLR1 risks to the combined total.  
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Figure 146a & b.  (a) Regression relationship between the combined risk probability 
(development & SLR1) and the re-scaled (to 1.0) Total Risk Rank (TRR) across catchments 
selected by jurisdictions (less the Fitzroy River basin, WA).  The Mitchell River basin is an 
outlier and excluded (blue point). (b) Comparison of risk rank scores of basins using the 
two risk assessment methodologies. Major differences occur in the Mitchell River, King 

Edward River, Finniss River and Norman River basins. 
  

 (a) 

 

(b)  
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Table 33.  Comparison of development and SLR1 risks in the Finniss River basin (NT) 

derived from the rank-based Relative Risk Model of Bartolo et al. (2012) and the 
quantitative method developed here.  Mean values of relative risk scores across 52 risk 

regions in the basin were normalised to their maximum value in order to compare with the 
mean sub-catchment probability values reported here (n=53).     

Risk assessment endpoint TRIAP RRM Revised RRM 
Sea Level Rise 0.29 0.33 
Development surrogate (RDI) 0.49 0.43 
Total combined risk 0.42 0.53 

 

CLIMATE CHANGE RISK TO BIODIVERSITY  

Risk from sea level rise (SLR)  

The intersection between a projected 1m SLR and the predicted occurrence of turtles in sub-
catchments across the study area is illustrated for the Northern long-neck turtle, the Pig-nose 
turtle, the Gulf-snapping turtle and the Red-faced turtle (Figure 147a-d, respectively).  About 10% 
of sub-catchments will be affected by SLR1 where at least one turtle species is predicted to occur 
(n=13 species, Kennard, 2010).  As highlighted by the distribution of the Gulf-snapping turtle 
(Figure 147c), some species will not be at risk from SLR1 because they occur far from the coast.  
On average about 3 (21%) species of turtle are predicted to occur in sub-catchments affected by 
SLR1.  

Similarly, potential SLR1 impacts are illustrated for the Barramundi, the Common archer fish, the 
Golden Goby and the Sooty grunter (Figure 148a-d, respectively).  About 18% of sub-catchments 
will be affected by SLR1 where at least one fish species is predicted to occur (n=103 species, 
Kennard, 2010).  On average about 22 (21%) species of fish are predicted to occur in sub-
catchments affected by SLR1.   

For waterbirds potential SLR1 impacts are illustrated for the Magpie goose, the Green pygmy 
goose, the Great cormorant and the Glossy ibis (Figure 149a-d, respectively).  About 19% of sub-
catchments will be affected by SLR1 where at least one species of waterbird is predicted to occur 
(n=106 species, Kennard, 2010).  In contrast to turtles and fish, on average about 74 (70%) 
species of waterbird are predicted to occur in sub-catchments affected by SLR1.   

Statistical distributions characterising the SLR1 risk profiles for each taxonomic group are 
summarised in Appendix Section 8.4 (Table 99) and illustrated in Figure 150a & b.  In contrast to 
turtles and fish, the waterbird SLR1 risk profile is highly skewed towards high risk (peaks at 0.85).  
The combined risk profile therefore has a dangerous positive skew (Figure 150c).  Sensitivity 
analysis (Figure 150d) shows that waterbird species contributed 3-4 times more to the combined 
SLR1 risk to biodiversity than did species of turtle or fish.  
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(a) 

 

(b) 

 

(c)  

 

(d) 

 

Figure 147a-d.  (a)  FRESHWATER TURTLE: Predicted distribution (presence only, purple) of (a) Northern long-neck turtle, (b) Pig-nose turtle, (c) 
Gulf-snapping turtle and (d) Red-faced turtle by sub-catchment unit based on environmental attributes and occurrence records (see Kennard, 

2010). Distribution models do not extent to the coastal strip.  The projected 1m sea level rise is overlaid (red). 

 



Chapter 4: Impacts of climate change and development 
 

 
Page 297:  Tropical Rivers and Coastal Knowledge Report 

(a) 

 

(b) 

 

(c)  

 

(d) 

 

Figure 148a-d.  (a)  FRESHWATER FISH: Predicted distribution (presence only, purple) of (a) Barramundi, (b) Common archer fish, (c) Golden goby 
and (d) Sooty grunter by sub-catchment unit based on environmental attributes and occurrence records (see Kennard, 2010). Distribution models 

do not extent to the coastal strip.  The projected 1m sea level rise is overlaid (red). 
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(a) 

 

(b) 

 

(c)  

 

(d) 

 

Figure 149a-d.  (a)  WATERBIRDS: Predicted distribution (presence only, purple) of (a) Magpie goose, (b) Green pygmy goose, (c) Great cormorant 
and (d) Glossy ibis by sub-catchment unit based on environmental attributes and occurrence records (see Kennard, 2010). Distribution models do 

not extent to the coastal strip.  The projected 1m sea level rise is overlaid (red). 
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Figure 150a-d. (a) Relative frequency and (b) cumulative probability distributions of the mean proportion in sub-catchments of turtle (brown), fish 

(green) and bird (blue) species that occur in the northern Australia study area that are likely to be affected by a 1m Sea Level Rise (SLR1). The 
proportions characterise the SLR1 risk profiles for each taxonomic group. (c) The risk profile for each taxonomic group combined showing the 
strong skew to high risk. (d) Sensitivity analysis (Tornado graph) showing that waterbirds contributed 3-4 times more to the combined risk from 

SLR than did turtle and fish, respectively.   
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Risk from changes in rainfall & ambient temperature 

The projected change in ambient temperature (°C/y) across the northern Australia study area in 
2100 was simulated for a hotter climate scenario (i.e. the highest temperature range used) in 
OzClim (CSIRO 2008).  Using the GIS method described above for predicting SLR and species 
overlaps, the co-occurrence of a handful of aquatic species and a projected ʻhigher temperatureʼ 
climate change scenario is illustrated for Pig-nose turtle, the Gulf-snapping turtle and the Red-
faced turtle (Figure 151a), and the Kimberley archer fish and the Sooty grunter (Figure 151b). 

The projected change in annual rainfall (mm/y) across the northern Australia study area in 2100 
was simulated for a hotter wetter and a hotter drier climate scenario in OzClim (CSIRO 2008).  
The predicted co-occurrence of Magpie geese and Green pygmy geese with these two climate 
change scenarios is illustrated in Figure 152a&b, respectively. 

Hence, whilst exposure probabilities can be simply estimated any quantitative risk assessment 
would be incomplete because there are almost no data on species-specific threshold effects to 
temperature and rainfall changes.  That is, there are no available and/or reliable assessment end-
points that may eventually influence distribution and abundance patterns, such as reproduction, 
growth and survival rates.  Additionally, for aquatic species, ambient air temperature would likely 
be a poor correlate of water temperatures.  Nevertheless, given that high spatial resolution 
species occurrence models have already been developed by Kennard (2010) for NWAFA1, and 
which include climatic and hydrological predictor variables, there is much potential to apply the 
approach developed by Bond et al. (2011) for the exploration of predicted range shifts of 
freshwater fish under future climate-change scenarios.  This applies to all taxonomic groups, not 
just fish, and would comprise an exciting future research agenda that should close significant 
knowledge gaps 
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 (a)  HOTTER climate in 2100 (Temperature Change 0C/y). 

 

(b)  HOTTER climate in 2100 (Temperature Change 0C/y). 

 

Figure 151a & b.  Map of the projected change in annual ambient temperature (0C/y) across 
the northern Australia study area in 2100. The OzClim (CSIRO, 2008) scenario simulation 
model for a hotter climate was used. The predicted co-occurrence of a handful of aquatic 

species and projected temperature changes is illustrated. (a) Pig-nose turtle, the Gulf-
snapping turtle and the Red-faced turtle. (b) The Kimberley archer fish and the Sooty 

grunter.    
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(a)  HOTTER & WETTER climate in 2100 (Rainfall Change mm/y). 

 

(a)  HOTTER & DRIER climate in 2100 (Rainfall Change mm/y). 

 

Figure 152a & b  Map of the projected change in annual rainfall (mm/y) across the northern 
Australia study area in 2100. The OzClim (CSIRO, 2008) simulation model results for hotter 
(i.e. high temperature range) and (a) wetter and (b) hotter and drier climate scenarios were 
used. The predicted co-occurrence of (a) Magpie geese and (b) Green pygmy geese with 

these two climate change scenarios is illustrated. 

 

INTEGRATING BAYESIAN BELIEF NETWORK (BBN) 

A Bayesian Belief Network (BBN) was constructed using NeticaTM (2010) software to integrate all 
spatially-explicit risk assessment results of the revised RRM reported here, as suggested by 
Landis (2009).  The PDF profiles for development and SLR1 risks to aquatic ecosystem types 
exhibited complex multi-modal patterns that were sufficiently characterised using statistical 
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functions available in @RiskTM (2010), but could not be incorporated into BBNs derived by 
NeticaTM (2010) because of their limited suite.  As flagged earlier in this Chapter, an alternative 
computational method was developed to derive risk equations to incorporate into the BBN.  Linear 
and polynomial regression analyses were used to predict the probability of risk to aquatic 
ecosystem types and HCVAE99 assets from associated development and SLR1 threats (Table 
34).  The exposure probability from development threats was the adjusted RDI derived by 
combing the CDI and FRDI (see section 4.4.2), and that for a projected SLR1, the proportion of 
asset inundated (either km of Riverine, or km2 of Palustrine & Lacustrine, ecosystems).  Linear 
regression equations adequately predicted development risks to aquatic ecosystems and, that for 
SLR1 risks, 3rd order polynomial regression equations (Table 34). 

The BBN (Figure 153 and Figure 154) basically reflects our conceptual model of the risk 
assessment process across the northern Australia study area, and can also be used at the basin 
scale by substituting broad-scale mean values with corresponding basin values (i.e. by selecting 
ʻknown valuesʼ in NeticaTM rather ʻuncertainʼ values).  The BBN shows all links and interactions 
between threats, assets and risks assessment endpoints, essential for undertaking ʻwhat ifʼ 
scenario simulations.  The BBN can be used also to ʻhind-castʼ effects.  For example, by choosing 
a desired level of risk in one of the assessment endpoint nodes, users can ascertain what threat 
level is needed in preceding parent nodes in order to achieve the desired state level.   

There are three core components to the BBN: (i) development risks to aquatic ecosystem types 
(brown nodes); (ii) SLR1 risk to these same assets (blue nodes); and (iii) both development and 
SLR1 risks to HCVAE99 assets (green nodes).  The HCVAE99 assets component in all risk 
assessments is kept separate from the aquatic ecosystems component because it is assumed 
that the criteria used in the HCVAE framework to develop the metric had already captured many 
elements of aquatic ecosystems.  

The BBN has two decision nodes for scenario simulation.  The first is a ʻtime switchʼ for SLR1 risk 
(grey node, bottom RHS).  The 2010 time frame for development risk is incompatible with the 
2100 time frame for a projected 1m SLR risk.  Hence, users can choose either 2010 with zero sea 
level rise, or 2100 when the risk is expected to be measurable.  The cascading effect on the 
combined risk probabilities at different assessment endpoints can be observed (e.g. development 
only, SLR1 only, HCVAE99 only, or any combination of endpoints).   

When combing both total development and total SLR1 risks (the ultimate assessment endpoint, 
red node), we assumed that development will remain constant for the next 88 years, which of 
course unrealistic.  Hence, the second decision node (grey node, top LHS) allows users to choose 
a ʻpercentage increase in developmentʼ level, and assumes that this is directly proportional to 
simultaneous increases in both the CDI and the FRDI.  The overall effect on total development 
risk is assumed to operate over any time frame since 2010, including up to 2100 and hence, this 
decision node can also be considered a ʻtime switchʼ.   

The BBN in Figure 153 shows current (2010) risks to aquatic ecosystem and HCVAE99 assets 
with the ʻincreases in developmentʼ node set to zero and the ʻSLR1 time switchʼ set to 2010 (i.e. 
zero effect).  Results show that, on average across the northern Australia study area, risk from 
total development is 48%.  When development is increased by 50% then this risk increases by 
12% to 60%.  Zooming ahead to 2100, SLR1 risk is at 18% and, if no further development 
occured since 2010 (i.e. remains the same at 48%), then the combined risk is 57% (Figure 154).  
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However, if development increases by 50% then the combined risk is 68% or an increase of 11% 
(although, as the preceding spatial risk assessments shows, with much variability across the 
study area).   

NeticaTM software allows users to also undertake sensitivity analysis on a BBN in order to 
determine which, of any selected variables, contribute most to any selected assessment endpoint.  
For example, for the scenario settings in Figure 154, total development risk contributed 12 times 
more to combined risk than did SLR1 risk.  

 
Table 34. Summary of equations used to predict the probability of risk (P) to Riverine (R), 
Palustrine (P) and Lacustrine (L) aquatic ecosystems, and HCVAE99 assets (H99), from 
Development (D) and Sea Level Rise (SLR) threats.  Mean basin values were used.  The 
exposure probability for Development was the adjusted RDI (see Section 4.4.2), and that 

for SLR the proportion of asset inundated (PI) (via km of Riverine or km2 of Palustrine and 
Lacustrine ecosystems).  All equations are used in the BBN. 

Prediction Equation R2 

(%) 
N P 

Development: Riverine PD(R) = 0.99 RDI + 0.01 97 53 P < 0.001 
Development: Palustrine PD(P) = 1.04 RDI + 0.005 96 53 P < 0.001 
Development: Lacustrine PD(L) = 1.02 RDI + 0.02 75 53 P < 0.001 
SLR1: Riverine PSLR(R) = 34.0 PI3 - 20.8 PI2 + 4.0 PI + 

0.012 
75 53 P < 0.001 

SLR1: Palustrine PSLR(P) = 11.2 PI3 - 4.4 PI2 + 0.5 PI + 
0.003 

88 53 P < 0.001 

SLR1: Lacustrine PSLR(L) = 11.5 PI3 - 5.1 PI2 + 0.6 PI + 
0.001 

71 53 P < 0.001 
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Figure 153.  Bayesian Belief Network (BBN) that integrates all outputs from the spatially-explicit risk assessment across the northern Australia 
study area using the revised RRM (see combined or final assessment endpoint, red node).  Risks to aquatic ecosystems from development and 
Sea Level Rise (SLR1) are the brown and blue nodes, respectively. The green nodes are risks to HCVAE99 assets from both factors. The grey 

nodes are decision switches for scenario simulation (e.g. % increase in development top LH corner; setting the time frame for SLR risk to 
manifest in 2100, bottom RH corner).  The ʻincrease in developmentʼ switch is set to 0% and the SLR ʻyearʼ switch is set to 2010. 
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Figure 154. The same BBN as in Figure 153 but with the ʻincrease in developmentʼ switch set to 50% and the Sea Level Rise (SLR1) ʻyearʼ switch 

set to 2100.  
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4.5 DISCUSSION AND RECOMMENDATIONS 

4.5.1 UPDATE AND REVISE THE SPATIALLY-EXPLICIT RRM 
Despite the number of major water resources projects completed in northern Australia over the 
last two decades, the first broad-scale ʻformalʼ risk assessment of freshwater aquatic habitats 
from contemporary land use activities (development) and future climate change (sea level rise) 
threats was undertaken in 2006 (Bartolo et al., 2012).  This  previous study used the spatially-
explicit and semi-qualitative Relative Risk Model (RRM) approach developed by Landis and 
Wiegers (2005; see also Landis, 2009) for regional assessments.  

The first component of this Chapter described how the RRM was updated using the most recent 
threats (landuse) and assets (habitat) data.  However, there are advantages and limitations in the 
methodology, as summarised in Table 30.  The advantages are considerable given the severe 
limitations of applying standard ʻpoint-sourceʼ exposure-effects risk models at regional spatial 
scales, let alone the general lack of data across remote northern Australia.  For example it: 
provides a robust framework for ecological risk assessment at the regional scale; it enables 
multiple pressures/threats to be assessed against multiple ecological assets (assessment 
endpoints); and provides a high level screening tool for decision makers, and graphical 
outputs/maps of the risk characterisation process.  

However, the project team identified several major limitations that required revision to significantly 
enhance the RRM for use in the current NAWFA2 project, and additionally to integrate previous 
NAWFA data and models produced by Kennard (2010) since the TRIAP project was completed.  
These limitations are (Table 30): ranks and risk scores are relative and so do not provide an 
estimate of absolute risk; relative ranks from one regional model cannot be compared with relative 
ranks from another regional model; information critical to the development of a risk score is not 
readily evident in the output; it only provides an indication of exposure through comparing areal 
extents of pressures/threats and habitats; and it is difficult to quantify uncertainty around ranks 
within the model typically requiring a Monte Carlo or similar approach to address.  The last 
limitation is critical as uncertainty and sensitivity analysis are now a major and standard 
component of any risk assessment (Bayliss et al., 2012; Pollino et al., 2007; Burgman, 2005; 
Nayak and Kundu, 2001; Moss and Schneider, 2000).  

The RRM was therefore revised to encompass the higher resolution sub-catchment data used in 
the previous NAWFA1 project (Kennard 2010), including species biodiversity data.  The revised 
RRM therefore has significantly greater analytical power (6,393 sub-catchment units cf. 55 
basin/catchment units).  Additionally, the revised model is now quantitatively based using 
standard exposure-effect risk probabilities (c.f. ranks), which allows risk profiles of all aquatic 
assets to be developed and hence, uncertainty and sensitivity analyses to be undertaken; both 
essential pre-requisites for undertaking a risk assessment in the context of this NAWFA2 project.  
The exposure risk from future SLR1 in the revised RRM was estimated directly from the areal 
overlap between the aquatic asset and the 1m contour above ADH, not simply their co-occurrence 
within a spatial unit, therefore reducing one source of uncertainty associated with using ranks.  

Regardless of the above analytical enhancements, however, whether or not the revised 
quantitative RRM performs better than the previous semi-qualitative RMM depends entirely on 
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purpose and utility (Hilborn and Mangel, 1997).  For example, whilst both RRM approaches are 
spatially-explicit and generally address the same development and SLR1 threats, their 
assessment pathways and endpoints are sufficiently different and complex to make meaningful 
comparison dubious except at a high level.  Comprehensive conceptual models of the risk 
pathways to assessment and measurement endpoints were developed a priori for both RRM 
modelling approaches, and show clearly that the revised model cannot supersede the original 
model.  For example, the RRM of Bartolo et al. (2012) assesses risk to five broad yet easily 
recognisable aquatic habitat classes (Rivers & streams; Wetlands, floodplains & lakes; Springs & 
waterholes; Riparian vegetation; Mangroves & estuaries) from 14 classes of identifiable landuse 
and/or development threats, and a 1m SLR threat.  The easy identification of assets and threats is 
likely an advantage when communicating risk results to end-users and stakeholders.  In contrast, 
the revised RRM approach used here assesses risk to three high level aquatic asset types 
(Riverine, Palustrine and Lacustrine ecosystems), and a composite HCVAE metric (HCVAE99), 
from two high level surrogates of landuse and development pressures (i.e. the CDI and FRDI; 
Stein et al., 2002).  Integrating NAWFA1 data into the current RRM is therefore impossible without 
accompanying complex analysis describing the relationship between standard aquatic habitat 
types and the Hydrosystem classification scheme developed by Aurich (2010).  The RRM used in 
Section 4.3 included the RDI as an additional threat layer, which was also used in NAWFA1 by 
Kennard (2010).  However, the RDI is the mean of the CDI and FRDI (Stein et al., 2002), and the 
same landuse variables are already captured in the RDI via the CDI.  Hence, it is effectively a 
redundant variable in that particular analysis.  Given the above, and the fact that they have 
different strengths and limitations, it was therefore decided to run with both models in a 
complementary approach. 

In summary, a comparison of results for three high level risk assessment endpoints at both basin 
and sub-catchment scales produced similar outcomes, supporting the two-RRM approach. 
Bayliss et al. (2008) compared RRM results with more detailed quantitative risks assessments 
undertaken in sub-catchments of the Daly River basin, and concluded the same.  

 

The RRM approach described in this chapter also aimed to:  

 

• incorporate climate change risk factors (SLR) in the RRM and undertake an assessment 
to help differentiate climate change risks from development risks, and examine potential 
interactions between them with respect to cumulative risks, and; 

• highlight areas where development and predicted climate change will compound 
degradation. 

 

The results of these two activities are discussed in combination, reflecting the assessment 
process adopted at all levels: development and SLR risks were first assessed independently 
because they operate at two different time scales (2010 vs. 2100), and then in combination.  The 
assets and threats were first characterised to develop risk profiles and individual and combined 
risk factors were then mapped across the entire study area at very high resolution using sub-
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catchments as mapping units (mean area of 200km2, Kennard, 2010).  Development, SLR and 
combined risks of 53 basins were compared also using mean sub-catchment values.  The 15 
basins selected by Sate and Territory jurisdictions are highlighted throughout the report, as all 
basins are assessed at the same high level of detail.  Detailed basin-level results, however, are 
only reported for the Norman River, South Alligator River and Finniss River basins, exemplifying 
the potential of the data for detailed exploratory analysis.   

All quantitative risk assessments were accompanied by robust uncertainty and sensitivity 
analyses to account for inherent uncertainty in data and risk models, and are essential pre-
requisites in differentiating potential climate change risk from development risk because of the 
interaction between the two risk factors.  However, although the quantitative risk model used here 
accounts for interactions, the underlying model assumption is by necessity still additive given 
current lack of knowledge on possible synergistic or multiplicative effects.  The cumulative effects 
of both risk factors, as assessed by their combined risk probability, should therefore be used as a 
starting point only and treated with a degree of caution.  

Despite this caveat, there may be a logical argument in favour of using the combined risk 
probabilities, irrespective of lack of knowledge on potential synergistic effects.  Aquatic assets 
damaged by development risks beyond repair cannot be damaged by future SLR risks and, 
similarly, assets damaged by SLR risk cannot be damaged by future development risks.  Given 
the very different natures of both risk factors, and the fact that areas susceptible to saltwater 
inundation are generally unfavourable areas for water resource development, a more profitable 
strategy may be to manage both risks independently rather than to be concerned about what they 
may do in combination.  Needless to say, this argument would not apply to climate risks that 
result from changes in rainfall and stream flow, which are addressed in Chapter 3 using the 
approach adopted by the NASY project (CSIRO, 2009). 

The combined risk analysis is an attempt also to address the issue of possible interaction of risks 
resulting in increased environmental degradation.  However, without argument, results need to be 
treated with caution because their exposure and effects manifest at different time scales.  The 
underlying and false assumption on combining both risk probabilities is that current (2010) 
development risk will remain constant for 89 years, which is of course unrealistic.  Nevertheless, 
the combined risk maps and profiles represent a ʻfirst passʼ attempt to highlight areas where the 
two risk factors may compound degradation to freshwater aquatic assets across the NAWFA 
study area. 

 

4.5.2 QUANTITATIVE RRM SUMMARY 
The overall risk to aquatic ecosystems from development in 2010 is about five times greater than 
that from a projected SLR1 in 2100 (0.39 cf. 0.08, respectively), despite the large variation 
between basins (0 – 0.93).  This is unsurprising given the extensive and diffuse nature of 
development threats compared to SLR1 threats restricted to a relatively narrow margin around the 
coastline.  The overall combined risk is estimated at 0.45 (45%).  Basins with aquatic ecosystems 
most at risk from current development risks comprised clusters in the southern GoC (Qld) and the 
Adelaide River basin close to Darwin (NT).  In contrast, basins at least risk from current 
development comprise clusters in remote Arnhem Land (NT), the South and East Alligator River 
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basins in Kakadu National Park, and the remote Moyle River basin.  The basin most at risk from 
SLR1 is Mornington Inlet, being a small low-lying coastal catchment.  The Adelaide River basin 
had the greatest development risk to HCVAE99 assets, followed by the adjacent Mary River basin 
(0.06 & 0.03, respectively).  The Mornington Inlet basin had the highest SLR1 risk to HCVAE99 
assets (0.002 or 0.2%), although these values are too small for meaningful comparisons.  

The South Alligator River (SAR) and Norman River basins were chosen for more detailed fine-
scale comparison of risks because of their contrasting land uses, reflecting a high value 
conservation area (Kakadu National Park) and an area encompassing intensive land use and 
associated catchment disturbance, respectively.  Aquatic ecosystems in the Norman River basin 
are 19 times more at risk from development than those in the SAR basin (0.50 cf. 0.03) and, in 
contrast, aquatic ecosystems in the SAR basin are 3.7 times more at risk from SLR1.  The risk to 
HCVAE99 assets from development in the Norman River basin is twice that of the SAR basin 
(mean 0.013 cf. 0.008).  In contrast, SLR1 risk is 13 times greater in the SAR basin than the 
Norman River basin (mean 0.026 cf. 0.002).  

The Finniss River basin (NT) was chosen as a detailed case study area to compare RRM 
methodologies.  Additionally, the basin is at risk from increasing development pressures due to an 
expanding urban population in nearby Darwin, and the detailed analysis reported here will 
represent a much needed baseline given that there are no previous assessments.  Aquatic 
ecosystems were at similarly high risk levels from development and SLR1 (0.38 & 0.36, 
respectively).  The combined risk is therefore high (0.60), reflecting significant catchment 
disturbances associated with aquatic ecosystems susceptible to SLR1.  The risks to HCVAE99 
assets from development and SLR1 were very small (0.01 & 0.0003, respectively). 

An assessment of SLR1 threats to biodiversity (via their habitats) was undertaken using turtles, 
fish and waterbirds as surrogates for total biodiversity.  The level of risk in coastal sub-catchments 
was estimated from the intersection between the projected SLR1 and predicted species 
occurrences using the presence-only Habitat Suitability Models developed by Kennard (2010).  
About 10% of sub-catchments where at least one species of turtle is predicted to occur will be 
affected by SLR1, and that for fish and waterbirds 18%.  The mean risk to waterbird species was 
about three times greater than that for turtles and fish (0.70 cf. 0.21 for both). 

A similar risk assessment for the effects of increased environmental temperature due to climate 
change was not undertaken given the lack of comprehensive (or any) data on species-specific 
threshold effects of increased temperature on population-level assessment endpoints such as 
growth, reproduction and survival.  Hence, predictive models need to be developed to explore 
potential range shifts of freshwater species under future climate-change scenarios.  However, a 
framework was developed to predict potential exposures of changes in ambient temperature on 
species in the NAWFA2 study area, under different climate change scenarios generated by 
OzClim (CSIRO 2008).  Nevertheless, given that high spatial resolution species occurrence 
models have already been developed by Kennard (2010) for NWAFA1, and which include climatic 
and hydrological predictor variables, there is much potential to apply the approach developed by 
Bond et al. (2011) for the exploration of predicted range shifts of freshwater fish under future 
climate-change scenarios.  This applies to all taxonomic groups, not just fish, and would comprise 
an exciting future research agenda that should close significant knowledge gaps. 
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In summary, the overall results reported here are consistent with our current knowledge of risks to 
basins in northern Australia, as determined by the findings of all previous water resource 
assessment projects (e.g. Kennard, 2010; Kennard et al., 2010b; Pusey and Kennard, 2010; 
NALWTF, 2009; CSIRO, 2009; Bartolo et al., 2008; van Dam et al., 2008).  Additionally, our 
quantitative risk assessment results are reported within a consistent, transparent and robust 
framework.    

Of particular relevance to our study, are the general and specific outcomes of The Northern 
Australia Land and Water Science Review (NALWTF 2009) with respect to Terms of Reference 3 
– ʻIdentify the potential impact of such (identified potential – ToR 2) development opportunities on 
the natural environment and other users and the broader communityʼ.  

In general, the review highlighted the fact that cultural life and economic activities associated with 
non-consumptive water use (e.g. Indigenous cultural use, tourism, coastal fisheries) in northern 
Australia are inextricably linked to the regionʼs high natural values, which in turn emanate from the 
intact landscapes and relatively undisturbed flows of the northʼs waterways (Pusey and Kennard, 
2010).  The Review emphasises also that development can directly reduce these values through 
disturbances to catchments and natural flow regimes (e.g. through depleting water, reducing 
water quality and/or by changing the natural flow of water in the landscape), all of which impact on 
aquatic, marine and terrestrial environments (e.g. see Kennard et al., 2010).  Our spatially-explicit 
risk assessment results of both development and sea level rise risks in northern Australia, at both 
the basin and sub-catchment scale, is therefore an important contribution towards identifying and 
quantifying risks to these unique natural values in a robust and transparent manner, and is an 
important baseline to assess future change.   

Specifically, the review of Aquatic Ecosystems in northern Australia by Pusey and Kennard 
(2010), where they identify the critical links between aquatic ecology and development of northern 
Australia, is highly relevant to our risk assessment.  They emphasise that the movement of water 
and associated nutrients, carbon and energy between different hydrosystem components of 
aquatic ecosystems, and the maintenance of connectivity, is vital for natural ecosystem function.  
Furthermore Pusey and Kennard (2010) argue that extensive development in northern Australia, 
and global climate change impacts, will severe these ecological links which will likely lead to a 
loss of ecological integrity and value. 

 

THE NEXT STEP IN THE RISK ASSESSMENT PROCESS – INTEGRATED ASSESSMENTS 

Managing any complex socio-ecological system is a very difficult task and cannot be 
underestimated (Gunderson et al., 2008; de la Mare, 2006; Stepp et al., 2003; Costanza et al., 
1993), and this caveat applies to river basins across the NAWFA study area.  Natural resource 
managers are required to achieve high level goals in the face of uncertainty and limited resources. 
Good environmental outcomes are expected at least cost and yet, at the same time, there is an 
obligation to balance stakeholder interests and needs.  Hence, there are complex and often 
conflicting objectives involved in NRM, particularly when we consider cultural, social, political and 
economic objectives.  An additional challenge is that more often than not we have incomplete and 
variable information, thus explaining the increasing adoption of risk assessment approaches as 
exemplified by this project.  
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Few would disagree that Adaptive Management (AM) is the solution to NRM, as the approach 
helps us understand ʻwhere we areʼ and ʻwhere we want to beʼ with respect to the system we 
want to manage.  Unfortunately, however, it does not come with ʻoff-the-shelfʼ guidelines about 
how to make the approach operational.  Management Strategy Evaluation (MSE) via computer 
simulation is an operational version of AM and comes with objectives, targets and performance 
indicators, which are all linked to decisions made by managers.  The MSE simulation approach 
was originally designed to assess alternative fisheries management regimes in the face of high 
levels of uncertainty (de la Mare, 2005; Punt, 2001; Sainsbury, 2000; Smith, 1994), but is now 
increasingly used in other domains such as the coastal (McDonald, 2006) and terrestrial (Milner-
Gulland et al., 2010) environments.  Additionally, participatory modelling methods are now being 
used to engage with stakeholders at the outset, in order to integrate socio-economic and cultural 
knowledge, and to develop the specifications of the computer simulation model ensuring 
ownership and control (e.g. Dutra et al., 2011; Pantus et al., 2011; Woodward et al., 2011; Chan 
et al., 2010b; Montes de Oca Munguia et al., 2009).  Nonetheless, the MSE approach is not 
without criticism.  Whilst Rochet and Rice (2009) suggested that a simulation-based MSE 
approach is, without question, a significant step forward in fisheries management because it 
provides a tool to help make the precautionary approach operational, it can sometimes be 
ignorance disguised as mathematics. 

There has been considerable investment in developing highly predictive biophysical models to 
help design management actions at any given time, and undertaking comprehensive and highly 
sophisticated risk assessments, and these need to be the best available.  Whilst MSE is 
complementary to these two approaches, its main purpose is to help us decide whether or not we 
have an AM system that can provide us with enough information to establish whether our actions 
are having the desired effect.  If so, then the AM system has the ability to implement a course 
correction in order to reach the desired objective.  

A Bayesian Belief Network (BBN) was constructed to integrate and communicate all spatial risk 
assessment results using the revised RRM, and can be used at any reporting scale (e.g. across 
northern Australia or by basin and sub-catchment).  Users can choose one of two reference time 
frames, 2010 (recent) or 2100 (future), and a projected percentage increases in development.  
The BBN was designed to undertake ʻwhat ifʼ scenario simulations and hence, may be a useful 
Decision Support Tool for catchment managers (see Barton et al., 2008).  The essential ʻnext 
stepʼ in the risk assessment process is to incorporate these outputs into an overall integrative 
assessment of all NAWFA outputs, particularly the socio-economic and flows threshold 
components, and then into an MSE framework.  This may lead to research being applied rather 
than shelved.  However, the last step in the ʻpath to impactʼ approach to risk assessment is 
beyond the current resources of this project and hence, is a major recommendation (see below).  
These ideas are discussed in the Integration Chapter of the project, which also contains a 
comprehensive literature review of the MSE approach. 

 

RECOMMENDATIONS  

Key parts of the risk assessment processes adopted here remain unfinished due lack of 
resourcing and the very short time frame for completing the project.  These comprise technical 
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issues associated with methods development, and major issues of application of risk assessment 
results. 

Technical.  

1. The general recommendations suggested in Section 4.5 also apply to the revised RRM, in 
particular the application of weights (& hence filters) to asset and threat data.  Both 
approaches assume that these are equally weighted within and between basins, as 
measured by either their spatial overlap or their co-occurrence in an assessment unit, 
which of course may not be true.  This is an emerging area in risk assessment (Burgman, 
2005) and requires dedicated research effort and participation by stakeholders. 

2. All risk assessments need to be underpinned by decent conceptual models of how the 
system we wish to mange works (Burgman, 2005).  Another emerging and key area of 
risk analysis that was not addressed in this project due to time constraints, and related to 
the derivation of weights, is an objective assessment of elicitation methodologies used to 
obtain subjective ʻexpert opinionʼ used to construct conceptual models that are often 
incorporated into BBNs and advocated as a Decision Support Tool.  This is a significant 
ʻsocialʼ knowledge gap that needs to be addressed. 

3. Further work is required to integrate both RRM approaches used here, particularly the 
different classification systems used to characterise threats and assets (e.g. habitats vs. 
hydrosystems, landuse vs. the RDI), and to develop analytical methods to analyse 
uncertainties associated with semi-qualitative relative risk ranks 

Application 

1. A separate follow-up project is required to develop, and implement, effective methods to 
communicate complex risk assessment outputs to stakeholder and end-users, in 
particular the critical role that uncertainty analysis plays in determining confidence in 
results and therefore subsequent use in the decision making process. 

2. The revised RRM model should now be applied the NE Queensland basins in the 
NAWFA study area. 

3. The risk analysis of a mean 1m SLR for aquatic assets, including biodiversity surrogates, 
should be extended to incorporate the effects of predicted changes in extreme weather 
events, such as increases cyclone intensity and associated storms surges and high tides.  

4. Assessments are required on the potential impact of development on biodiversity assets 
(only SLR risk was addressed here).  

5. Comprehensive modelling work on the impact of temperature increases due to climate is 
required in the NAWFA study area.  There is currently much potential to apply the 
approach developed by Bond et al. (2011) for freshwater fish in Victoria to the exploration 
of predicted range shifts of tropical freshwater fish under future climate-change scenarios. 
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The risk assessment process commenced here must now shift its focus from characterising risk to 
assessing development scenarios in northern Australia.  Hence, we recommend strongly that the 
results reported here be incorporated into a Management Strategy Evaluation (MSE) framework, 
which would facilitate integrated assessments using all other NAWFA research outputs, 
particularly the socio-economic and ecological flow-threshold components.  Needless to say, this 
should be a participatory process with all NAWFA stakeholders from the outset, and which would 
require an appropriate level of investment.  These ideas are explored further in the Chapter Seven 
of this report.  
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 HYDROLOGICAL LINKS TO WATER CHAPTER 5
DEPENDENT ECOLOGICAL, SOCIAL AND 
CULTURAL VALUES 
 

5.1 INTRODUCTION 

Management of risks associated with climate change and development to northern Australian 
aquatic ecosystems requires knowledge of the relationships between hydrology and the variety of 
dependent ecological, social and cultural values and processes.  In the wet-dry tropics of northern 
Australia seasonal hydrological regimes influence ecosystem structure and function (Warfe et al., 
2010).  The role of ground water discharge in modifying these hydrological regimes, especially 
during the dry season months, also plays a critical role in maintaining aquatic ecosystems.  
Hydrological regimes are also influential in maintaining social and cultural values across northern 
Australia, many of which are closely associated with the ecological integrity of aquatic 
ecosystems (Yu, 2003; see also Chapter Three).  

In recent years, particularly through the TRaCK research program, significant advances in 
understanding the relationships between hydrological regimes and ecological integrity have been 
made.  This research has addressed significant knowledge gaps that would otherwise limit 
assessment of the likely ecological impacts of hydrological alteration from climate change and 
development, as well as the development of appropriate management and conservation 
strategies. 

This Chapter provides an up to date review of hydro-ecology relationships across the NAWFA 
study region.  More specifically, this Chapter identifies and describes the hydrological linkages to: 

 

• habitat use by fish and birds; 

• ecosystem productivity; 

• landscape/habitat connectivity between rivers, floodplains and estuaries and movement 
of aquatic fauna; 

• thermal and hypoxia tolerances and thresholds of aquatic biota, such as fish and 
invertebrates; 

• rates of rise and fall in groundwater levels and associated ecological considerations, and;  

• Socio-cultural values. 

 

These important relationships are discussed in the following sections: 

Section 5.2: Freshwater fish, ecosystem function and the importance of connectivity 



NAWFA: Climate change and development risks in northern Australian aquatic ecosystems 
 

 
Page 322:  Tropical Rivers and Coastal Knowledge Report 

Section 5.3: Thermal tolerance of aquatic fauna in Northern Australia 

Section 5.4: Genetic assessment of population connectivity in freshwater fishes 

Section 5.5: Timing of rates of rise and fall of surface water flows and groundwater levels 

Section 5.6: Thresholds for primary productivity and associated foodwebs 

Section 5.7: The impact of invasive plants on wetlands and riparian systems 

Section 5.8: Ecological consequences of changing intermittent streams into perennial systems in 
northern Australia 

Section 5.9: Cultural and social values 

 

5.2 FRESHWATER FISH, ECOSYSTEM FUNCTION AND THE 
IMPORTANCE OF CONNECTIVITY  

Connectivity is a key aspect of the nature of rivers.  The unidirectional nature of stream flow links 
all components of the riverine landscape (e.g. headwaters, main channel, floodplains and 
estuaries); although in northern rivers, seasonal variation in discharge may ensure that such 
connectivity varies in extent and timing.  Moreover, rivers interface, link and connect with 
terrestrial, subterranean, estuarine and marine ecosystems, providing avenues for transfer of 
biota, nutrients and energy.  The three major theories about riverine ecosystem production (e.g. 
River Continuum Concept (Vannote et al., 1980), Flood Pulse Concept (Junk et al., 1989) and 
Riverine Productivity Model (Thorpe and Delong, 1994) all stress the importance of connectivity 
for ecosystem productivity and function.  Connectivity also provides for the movement of biota 
throughout the riverine environment to take advantage of spatial variation in primary and 
secondary production and to access refugia in highly variable and challenging environments.  
Fish are capable of moving over large spatial scales (100s of kilometers) during their lifetime and 
can potentially occupy much, if not most, of the riverine environment.   

Flecker and McIntyre (2010) highlight the importance of fish movement in fluvial ecosystem 
dynamics and identify the potential for fish to act as both material and process subsidies.  Material 
subsidies occur when migratory fish move carbon and energy derived from elsewhere (e.g. the 
marine environment) into riverine foodwebs.  Material subsidies may also occur as fish migrate 
out of freshwater reaches into the marine or estuarine environment (e.g. associated with a 
catadromous spawning strategy in which adults migrate downstream to estuaries or the near-
shore marine environment to breed) or when consumed by largely terrestrial predators.  Process 
subsidies in contrast, occur when fish move between ecosystems and assume importance as 
agents in the structuring of freshwater assemblages, either through direct means such as 
predation or indirectly by influencing the abundance of important consumer species, which then 
has flow-on effects on other community members.  Barramundi are a good example as their 
consumption of fish can alter assemblage structure and their consumption of large prawns can 
influence the dynamics of detrital processing.   
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The following section reviews the nature of the freshwater fish fauna of northern Australia, their 
reproductive strategies, the characteristics of fish movement and habitat use, and the importance 
of connectivity between different components of the riverine landscape.  It draws heavily upon 
Tropical River and Coastal Knowledge (TRaCK) research conducted in the last five years. 

 

5.2.1 FISH MOVEMENT AND MIGRATION 
Movement is a key feature of the biology of northern fishes.  Most species undertake movement 
of some sort during their life history, either to access newly-created food-rich habitats (e.g. 
intermittent streams or floodplains), for reproduction, or to access refugial habitats during the dry 
season.  The seasonal climate and net annual water deficit of northern Australia ensures that the 
availability of aquatic habitat changes significantly with the seasons.  Most rivers experience a 
large reduction in habitat during the dry season with tributaries drying up completely and the main 
channel contracting to a series of isolated waterholes.  Even basins with perennial flow in the 
main channel or major tributaries, contain many feeder streams that flow only intermittently. The 
wet season sees the return of connectivity between waterholes and between the main channel 
and its tributary streams.  In addition, flooding connects the floodplain with the main river channel 
for periods ranging from a few weeks to many months. 

Patterns of fish movement are usually classified with regard to reproductive needs and whether 
migrations are from freshwater to marine (catadromy) or marine to freshwater (anadromy).  Fish 
migrations limited entirely to within the freshwater components of the riverine ecosystem for the 
purposes of reproduction are known as potamodromy.  Based on literature accounts, at least 17% 
of northern Australiaʼs freshwater fishes are known to be potamodromous (see Pusey et al., 
2004).  The plotosid catfishes Neosilurus hyrtlii and N. ater are good examples of potamodromous 
migrators, moving upstream into tributary streams to spawn on flood flows (Pusey et al., 2004a). 
The black bream Hephaestus fuliginosus similarly migrates to spawn at the onset of the wet 
season, although the location of spawning sites varies between rivers.  In the Daly River, black 
bream either migrate into tributary streams to spawn, with juveniles returning to permanent 
reaches as flows begin to recede, or adults migrate to suitable spawning sites within the main 
river itself (i.e. riffles and rapids) (Pusey and Kennard, unpub. data).  In the Alligator Rivers 
region, black bream migrate downstream with the onset of the wet season, leaving their dry 
season refuges in permanent pools and streams at the foothills of the Arnhem Land escarpment, 
and seek out lowland streams and billabongs.  A return migration is made, accompanied by many 
other species, as these lowland habitats begin to dry (Bishop et al., 1995, 2001).  The key 
difference is the location of dry season refugia.  In the Daly River, refugia are located in the 
perennial main channel and larger tributaries, whereas in the Alligator Rivers region, refugia are 
restricted to the foothills of the escarpment. 

There is no term to describe fish movements not associated with reproduction but occurring 
entirely within the freshwater environment.  Pusey et al. (2011) suggest that ~34% of the northern 
freshwater fish fauna make such movements, most frequently when moving between different 
habitats; especially as flows diminish during the dry season and fish need to access permanent 
water refugia.  Given the strongly seasonal and highly intermittent nature of flow in many rivers of 
northern Australia, the presence of refugial waterholes in the environment assumes great 
significance in many rivers.  Fish (and many other water-dependent organisms such as crocodiles 
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and turtles) must retreat to these refugia as flows diminish and rivers contract to a series of 
isolated waterholes.  The persistence of such waterholes over the dry season determines whether 
the isolated fauna are able to recolonise areas once flow resumes and their availability (i.e. 
distribution in space) determines how far fish must move to access such refugia.  Warfe and Pettit 
(unpub. data) studied seasonal patterns of fish movement in the Edith, Fergusson and Cullen 
rivers within the Daly River catchment.  These rivers represent a gradient of availability of refugial 
habitats during the dry season, with the Edith River being largely perennial and the Cullen River 
drying out over much of its length.  They noted that much greater downstream movement (i.e. 
towards refugia) occurred in the Cullen River with the onset of the dry season.  Concerted 
movement was largely absent in the perennial Edith River. 

 

5.2.2 REGIONAL DIVERSITY AND THE IMPORTANCE OF ESTUARINE DEPENDENT 
SPECIES 

A total of 176 species of bony fish and a further six species of elasmobranch have been recorded 
from freshwaters of northern Australia (Pusey et al., 2011).  More than half (90/176) of the bony 
fishes and all of the elasmobranches require access to marine or estuarine waters, usually for 
reproduction, at some time during their life history.  Thus, the habitat requirements of many 
species over their life cycle are comprised of a critical chain of habitats rather than just a single 
type of habitat.  Many other species of estuarine or marine fish sporadically make their way into 
the lowland freshwater portions of northern Australiaʼs rivers but are not included here.  Many 
estuaries, and indeed the near-shore marine environment also, become highly diluted during the 
wet season when huge volumes of water are transported down-river (Hamilton et al., 2010); thus 
many typically estuarine fishes are occasionally found far upstream in freshwater reaches. 

On average, approximately 30% of the fish fauna in individual basins requires access to 
estuaries.  There is however substantial variation between river basins in the importance of such 
species (Figure 155a).  The rivers of the Gulf of Carpentaria region contain the greatest proportion 
of estuarine migratory species (expressed as proportion of total richness), especially the large low 
gradient Flinders and Norman rivers.  Many of the smaller basins contain comparatively few such 
species but it must be emphasised that even in these basins, the proportional representation by 
species migrating between freshwater and estuaries is still high (~25%).  

Estuarine–dependent species are most frequently limited to the lower reaches of rivers (Figure 
155b) but again, the extent of upstream penetration varies from river to river.  As befits the high 
proportional representation of estuarine species in the large, low gradient rivers of the Gulf of 
Carpentaria region, such species penetrate well upstream and into many of the major tributary 
streams.  Rivers of this region are extremely low gradient and there are few barriers to upstream 
movement.  Elsewhere, upstream penetration is limited, especially in the small basins draining the 
northern flanks of the Arnhem Land Escarpment and those of the Kimberley region draining the 
Kimberley Plateau.  The lowland reaches of many such streams are of high gradient and 
waterfalls, such as the Mitchell River Falls, are common.  Such barriers impede upstream 
movement.  It is worth comparing the distribution of estuarine dependent species in these rivers 
with that in the large low gradient Fitzroy River where such species are much more widespread, 
penetrating very far upstream (Figure 155b).  
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Figure 155.  The contribution of estuarine dependent species (here labelled as ʻmigratoryʼ) 
to overall fish biodiversity (expressed as a % of total species richness) at the basin (a) and 

sub basin (b) scale.  Source – Pusey et al. (2011). 

 

Figure 156 depicts the distribution of estuarine dependent species referenced to the distance of 
sample location upstream from the river mouth (top) and the maximum gradient downstream of 
the sample location (bottom).  These data are drawn from the Northern Australian Freshwater 
Fish Atlas (www.jcu.edu.au/actfr), which is based on a total of 2852 multi-species survey locations 
and 3846 locations containing single or multi-species data derived from major Australian museum 
records.  These data cover an area bounded by Broome in the west to the Burdekin River in the 
east (see Pusey et al. (2011) for a full description) but only data pertaining to the Gulf of 
Carpentaria and Timor Sea drainage divisions are shown here (i.e. n = 2214 locations).  Whilst 
most commonly occurring in the lower reaches of rivers (i.e. 50% of all locations containing 
estuarine dependent species in the Timor Sea division and Gulf divisions occur at distances 
between 100-150 and 150-200 km from the river mouth, respectively), estuarine dependent 
species penetrate almost as far upstream as is possible.  Upstream distribution appears to be 
mostly limited by reach gradient with ~80% of all locations containing estuarine dependent 
species being located downstream of reaches with a gradient less than 2%. 

In addition, the movement of estuarine fishes into highly variable, seasonally intermittent streams 
throughout the region is limited (Figure 155b).  For example, the upstream distribution of 
barramundi (Lates calcarifer) in streams across northern Australia is reduced in drainages 
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characterised by variable flow regimes (i.e. those with a CV of annual flow >1.20) (Figure 157).  
Ongoing research in the Daly River catchment, has established that barramundi and other 
estuarine dependent species are largely limited to the main channel (Pusey and Kennard, unpub. 
data). 

 

 
 

 
Figure 156.  The distribution of estuarine dependent fish species in rivers of northern 

Australia in relation to distance upstream from the river mouth (top) and maximum 
downstream slope (bottom).  Solid symbols refer to the distribution of sample locations 

whereas open symbols refer to the distribution of estuarine species.  Red symbols refer to 
locations in the Timor sea drainage and blue symbols to locations with the Gulf of 

Carpentaria drainage division. 
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Figure 157.  Variation in the upstream distribution of barramundi (Lates calcarifer) in 

streams of differing variability (CV of mean annual flow). 

 

Estuarine dependent species are not only important from the standpoint of an enriched 
biodiversity, they are also of immense commercial, recreational and cultural significance.  The 
northern Australian commercial fishing industry was worth almost $166 million in 2006-07 (Clark 
et al., 2009) and the value of the recreational fishing industry in Queensland alone was estimated 
to be in excess of $300 million per year (Henry and Lyle, 2003).  Thus, changes in hydrology 
(towards greater intermittency or variability) or the imposition of barriers to movement (through 
construction of dams, weirs or barrages) have great potential to reduce the value of commercial 
and recreational fisheries as well as overall biodiversity.  Similarly, elasmobranch species such as 
river sharks, freshwater whipray and sawfish that migrate into freshwaters of northern rivers are 
all of great conservation significance; all six species are included in the IUCN Redlist as either 
Near-threatened, Vulnerable, Endangered or Critically Endangered and three of the six (Glyphis 
garricki, G. Glyphis and Pristis microdon) are list under the Federal EPBC Act (1999) as 
Endangered, Critically Endangered and Vulnerable, respectively.  Moreover, many of the 
estuarine dependent species present in northern Australian freshwaters are large predators (e.g. 
barramundi and river sharks) and therefore play an important role in influencing the abundance of 
other species.  Species such as mullet (Liza ordensis) migrate in great numbers from estuaries 
and the near-shore to feed upon freshwater algal production.  They then migrate back 
downstream to breed, exporting the biomass derived from upstream.  Similarly, barramundi grow 
quickly to adulthood in freshwaters and export this production downstream to estuaries when they 
migrate to breed.  Movement by such species comprises a significant material subsidy from 
estuaries to freshwater when movement is by juveniles and from freshwater to estuaries and the 
near shore marine environment when return migrations are made by adults. 
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5.2.3 PATTERNS OF RICHNESS AT THE BASIN SCALE 
On average, river basins of northern Australia contain approximately 35 fish species, although 
there is substantial variation between basins (Figure 158).  A substantial proportion, about one 
quarter, of this variation in fish biodiversity is related to basin size; larger basins contain many 
species and smaller basins contain fewer.  Basins with high richness (> 48 spp.) include the Daly, 
South Alligator and East Alligator rivers of the Northern Territory and the Jardine, Wenlock and 
Mitchell rivers of western Cape York Peninsula.  Notably however, very high richness is not 
always restricted to the largest basins.  For example, the Jardine River is the eighth smallest 
basin within the region, yet contains the equal highest number of species (51, shared with the 
South Alligator River).  Similarly, the Wenlock and the East and South Alligator Rivers are not 
large but contain very rich fish faunas.  

Importantly, many streams in these species-rich basins are distinguished by perennial flow, in 
contrast to the majority of streams and rivers of the region (Kennard et al., 2010).  This distinctive 
hydrological feature may ensure that seasonal changes in habitat and food availability due to the 
marked seasonal pattern of rainfall and runoff do not become so severe to result in the loss of 
species over time.  Pusey et al. (2004) found that fish species richness was greater in perennial 
rivers of north-eastern Australia also.  

 

 
Figure 158.  The relationship between catchment size (basin area) and species richness 

(Pusey et al., 2011).  Basins with particularly high number of species are identified. 
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Patterns of fish species richness vary within individual river basin (Figure 159) (Kennard, 2010b).  
Upland headwater tributaries typically contain only a few species, which are usually very hardy 
and tolerant of a range of conditions thus enabling them to persist in reduced habitat of poor 
water quality during the dry season.  These species are usually highly vagile and so can quickly 
colonise new habitats with the onset of the wet season.  The rainbowfish (Melanotaenia 
splendida) and spangled perch (Leiopotherapon unicolor) are good examples.  More species may 
be added as stream size increases, gradually leading to a downstream increase in richness.  In 
addition, the number of migratory species requiring access to estuaries to breed increases 
downstream, reflecting the limitation on upstream distribution imposed by this spawning 
requirement.  The rate of species accumulation varies between rivers (Figure 159).  In many 
basins such as the Fitzroy, Ord, Victoria, Nicholson/Leichhardt and the Flinders/Norman rivers, 
high richness is limited to the lowland main channels.  Upland subcatchments within these basins 
are typically very species poor.  These basins are all distinguished by low rainfall and high water 
deficits in their most upstream subcatchments and as a consequence, the flow regime of such 
streams is extremely intermittent (Kennard et al., 2010).  In contrast, those basins identified above 
as having high species richness and with perennial flow regimes, such as the Daly, South 
Alligator and Mitchell rivers, tend to have a greater proportion of the entire basin containing high 
richness.  

 

 
Figure 159.  Fish species richness in subcatchments of northern Australian rivers 

(Kennard et al., 2010). 

 

5.2.4 FLOODPLAIN USE BY FRESHWATER FISH 
The floodplains of northern Australia are vast (especially those of the Gulf region), may exceed 
20,000 km2 in area when inundated and comprise more than 35% of total catchment area for 
individual river basins.  Floodplains comprise about 25% of the total area of northern Australia 
(Pusey and Kennard, 2009) and represent the largest area of unmodified wetlands in all Australia 
(Woinarski et al., 2007).   
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Movement by fish onto newly inundated floodplains is common across northern Australia.  
Floodplains offer a rich source of food for many fish species of a variety of sizes and at a variety 
of life history stages.  Larval fish and small juveniles feed extensively on plentiful zooplankton and 
small insects, whereas many other larger fish use the floodplains to feed on these small fish 
(Jardine et al., 2011).  Floodplains, because of their large size and productivity, are consequently 
very important habitats that have a disproportionate influence on food web dynamics in northern 
rivers (see below).  Fish biodiversity may be very high on inundated lowland floodplains as they 
are used by both freshwater species and estuarine-dependent species.  For example, on lowland 
floodplains located close to the mouths of the Mitchell and Flinders rivers, a total of 33 species of 
fish were collected over 10 days (Pusey et al., 2011).  It is notable that the species present on the 
floodplain (which was very dilute at <100 µSm.cm-1 or approximately 0.1 gm salt in 1 litre) is 
comprised of a mix of freshwater and estuarine species, indicating the importance of these 
habitats for both riverine and estuarine ecosystems.  As another example of the importance of 
floodplains, Kennard (1995) recorded 22 species in floodplain lagoons of the Normanby River; 
this river contains 38 species in total, thus more than half of the biodiversity in this river made use 
of floodplains.  A similarly high proportion (59%) of the fish fauna present in the freshwater 
reaches of the Daly River occur in floodplain habitats also (Pusey and Kennard unpub. data). 

The number and identity of species present in floodplain waterbodies reflects the position of the 
floodplain within the catchment (i.e. upland versus lowland), the physical attributes of the 
floodplain waterbody and its persistence in time.  For example, recent research in the Daly River 
found that floodplain water bodies located in the upper half of the catchment contained between 
12 and 14 species, whereas floodplain waterbodies located further downstream contained 
between 22 and 30 species; the composition of fish assemblages in floodplain habitats strongly 
resembled that present in adjacent riverine habitats.  In addition, deeper, more persistent 
floodplain habitats contained more species and species of larger body size (Pusey and Kennard, 
unpub. data). 

Most species that use floodplains need to move both on and off floodplains.  Despite being used 
by many species, species typical of floodplain habitats are few and limited to Porochilus rendahli, 
Melanotaenia maccullochi, Pseudomugil tenellus, P. gertrudae, Denariusa bandata, Ambassis 
macleayi, Variichthys lacustris and Oxyeleotris nullipora.  With the exception of V. lacustris, none 
of these species are obligate floodplain species as they may be found in running water habitats 
also; nonetheless, they achieve highest densities in floodplain habitats.  The general absence of 
obligate floodplain species can be explained by the fact that floodplains (as they now exist) are 
relatively young (4-6,000 years) (Woodroffe 1995) and impermanent.  Floodplain indundation 
typically lasts for between one to six months in most years (Ward et al., 2011) and can be highly 
variable between regions (see Chapter Three and also Jardine et al., 2011a; b). 

It is worth noting that all of the species listed above are small bodied, rarely exceeding 50 mm (or 
150 mm in the case of P. rendahli).  Small size is probably advantageous when extreme seasonal 
changes in floodplain water body size result in contraction down to small waterholes over the dry 
season.  Such contraction in habitat volume is unlikely to favour larger bodied species as 
deteriorating water quality and increased predation by waterbirds increase mortality.  Species that 
move off floodplains back into the main channel need to do so before routes of egress are lost as 
water levels drop.  This period of connectivity between the floodplain and riverine environments 
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may be very brief however and even when the period of inundation is extended, it is likely that a 
great proportion of the fish production present on floodplains becomes trapped there. 

 

5.2.5 CONNECTIVITY AND ECOSYSTEM DYNAMICS 
Recent TRaCK research examining the nature of freshwater in northern Australian rivers has 
highlighted the importance of connectivity to the maintenance of biodiversity and ecosystem 
function (Jardine et al., 2011a).   High levels of hydrological connectivity during seasonal flooding 
in the lower Mitchell River provided significant opportunities for movements of fish between rivers 
and their floodplains, estuaries and the sea, mediating food web subsidies among habitats.  
Stable isotope ratios in fishes and their available food were measured from three habitats 
(inundated floodplain, dry season freshwater, coastal marine) in the lower reaches of the Mitchell 
River, Queensland (Australia) during a short (~ two months) phase of inundation.  Floodplain food 
sources constituted the majority of the diet of large-bodied fishes (barramundi Lates calcarifer, 
catfish Neoarius graeffei) captured on the floodplain in the wet season and for gonadal tissues of 
a common herbivorous fish (gizzard shad Nematalosa come), the latter suggesting that critical 
reproductive phases are fuelled by floodplain production. 

Floodplain food sources also subsidised barramundi from the recreational fishery in adjacent 
coastal and estuarine areas, and the broader fish community from a freshwater lagoon.  These 
findings highlight the importance of the floodplain in supporting the production of large fishes in 
spite of the episodic nature and relatively short duration of inundation compared to large river 
floodplains of humid tropical regions.  They also illustrate the high degree of food web connectivity 
mediated by mobile fish in this system in the absence of human modification, and point to the 
potential consequences of water resource development that may reduce or eliminate hydrological 
connectivity between the river and its floodplain. 

In another study (Jardine et al., 2011b), the degree of coupling during the dry season between 
local primary production and secondary production of consumer organisms such as 
invertertebrates and fish was examined across a gradient of connectivity and floodplain duration 
in three northern rivers (Fitzroy, Mitchell and Daly, representing gradients in connectivity (low to 
high, respectively) and inundation duration (short to long, respectively).  A large-scale survey of 
67 sites from the three catchments of stable isotopes of carbon (!13C) was designed to search for 
broad patterns in resource use by consumers.  Regressions of algal !13C against consumer !13C, 
an indicator of reliance on algae as a food source, varied depending on taxa and catchment.  
Benthic invertebrates were tightly coupled to benthic algae in all three catchments, suggesting 
limited processing of terrestrial detritus by these non-mobile taxa and high reliance on local algal 
production.  Stable C isotope ratios of fish, however, were less well-linked to those of benthic 
algae, with the perennially-flowing Daly River showing the least degree of coupling, the 
seasonally-flowing Fitzroy River showing the strongest coupling, and the Mitchell River 
intermediate in both connectivity and coupling.  Fish in the Daly River were bringing carbon 
derived from elsewhere (floodplains) into upstream areas.  These findings highlight the dispersive 
nature of the fish community in these rivers, and how hydrological connectivity between habitats 
drives patterns of consumer-resource coupling. 
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Collectively, these studies highlight the importance of floodplain production in fuelling secondary 
production over the wider riverine network and the importance of fish movement.  Fish must first 
be able to access the rich production occurring on the floodplain and second, must be able to 
move off the floodplain when required and disperse throughout the river systems.  Anthropogenic 
changes in inundation frequency and duration are likely to compromise the extent to which fish 
can reliably access these habitats and allow sufficient time for reproduction and growth.  Changes 
in connectivity within the riverine network are likely to impede the movement of floodplain-derived 
carbon elsewhere. 

 

5.2.6 IMPACTS OF CLIMATE CHANGE 
Sea level rise threatens many coastal freshwater floodplains of northern Australia (Morrongiello et 
al., 2011).  The floodplains of northern Australia are typically terminal (i.e. located near the river 
mouth) and at low elevation.  For example, the extensive coastal wetlands of the Kakadu region 
are only 0.2-1.2 m above mean high water level (Eliot et al., 1999).  Sea levels are predicted to 
rise by 0.25-0.8 m by 2100 (Eliot et al., 1999).  Increased intensity of cyclones further increases 
the likelihood of saltwater intrusion to freshwater wetlands with the attendant risk of floristic 
change (loss of Melaleuca forests and upstream migration of mangroves) and geomorphological 
transition from freshwater wetlands to saline mudflats.  The transition of wetlands to saline 
mudflats would occur rapidly (Woodroffe, 1995) and likely, locally extirpate wetland dependent 
species such Denariusa bandata, Pseudomugil tennellus and P. gertrudae and potentially reduce 
population sizes of many other species including those of economic significance such as Lates 
calcarifer for which coastal floodplain wetlands are an important nursery habitat.  If transition from 
wetland to saline mudflat results in a depression of overall basin-wide production, which is likely 
given the rapidity with which it may occur, then extensive changes in foodwebs, fish assemblage 
structure and diversity are likely to occur.  The impacts of sea level rise may be especially 
profound in the Kimberley region where lowland floodplains are very poorly developed (Pusey and 
Kennard, 2009). 

Changes in thermal and hydrologic regimes pose clear potential danger to freshwater fishes of 
northern Australia.  An increase of 2-4oC in average temperature is predicted for the tropics 
(Meehl et al., 2007).  Mean annual maximum air temperatures range from 30 to 33oC for most of 
northern Australia and exceed 33oC towards the inland fringe (Ward et al., 2011).  Maximum 
instantaneous water temperatures may exceed this, particularly during the dry season when flows 
are diminished (Pusey et al., 2004; Hamilton, 2010).  The great majority of rivers of northern 
Australia cease to flow for more than 40% of the year (see Figure 12 in Cresswell et al., 2009), 
consequently there exists the potential for water temperature in refugial habitats to increase 
substantially, and for water quality to concomitantly decrease.  Many species may be close to 
their upper thermal tolerance under existing thermal regimes and a further increase may place 
additional stress (see Section 5.3).  Olden and Naiman (2010) argue that temperature is not 
accorded due significance as a structuring agent of lotic fish assemblages.  Deutsch et al. (2008) 
suggest that the effect of global warming on tropical ectotherms may be profound as they are 
already operating within restricted thermal tolerance range and close to thermal optima.  
Consequently, increases in temperature may have a greater effect on freshwater fish in tropical 
regions.  It must be acknowledged that increases in average temperatures may allow some 



Chapter 5: Hydrological links to ecological, social and cultural values 
 

 
Page 333:  Tropical Rivers and Coastal Knowledge Report 

species to expand their ranges further south.  For example, the distribution of Leiopotherapon 
unicolor was suggested to be limited by the 4oC winter isotherm (Lewellyn, 1973) whereas more 
recent research has extended the distribution further south (Schiller et al., 1997).  Globally, range 
extensions are becoming increasing common as thermal barriers migrate in response to global 
warming (Parmesan, 2006).  Not all species within an assemblage respond in a similar manner 
however (Parmesan and Yohe, 2003), thus novel communities and interactions may be formed, 
the outcomes of which are difficult to predict.  The concern about the translocation of native 
species outside their natural range, as expressed for Amniataba percoides in New South Wales 
(Roland, 2001), can legitimately be extended to cases where distribution limits expand in 
response to warming.  This effect would be of potential concern on the eastern seaboard of 
Australia as southern range extensions from the Kimberley or from most of northern Australia are 
effectively precluded by extensive tracts of desert.   

The precise nature of regional changes in rainfall is less certain however.  Moreover, the effects 
of climate change on flow regimes of northern Australia have proved difficult to model (see also 
Chapter Three).  McJannet et al.  (2009) examined changes in modelled flow using 15 different 
global climate models and not unexpectedly, the predicted outcomes differ greatly.  In general 
however, the median response was a slight reduction in annual discharge (about 1-4%) and a 
minor increase in the number of days of zero flow (intermittency), especially in the Gulf region (+ 7 
days).  Increasing subtropical aridity is predicted (Cook et al., 2008), suggesting that the current 
trend for increasing intermittency in inland river reaches will intensify.  Worldwide, tropical 
cyclones are predicted to increase in intensity (Bates et al., 2008) and the intensity of individual 
rainfall events in northern Australia may increase (Eliot et al., 1999); the region is already notable 
for its high intensity rainfall.  The flood hydrograph may become steeper as a consequence.  
Shallow groundwater aquifers may experience increased rates of recharge due to an increase in 
rainfall intensity (Cresswell et al., 2009).  The impacts of these minor hydrological changes on the 
freshwater fishes of the region are difficult to ascertain except that any reduction in dry season 
flows may potentially reduce the availability of riffle habitats essential as nursery areas for a range 
of species, particularly those within the Terapontidae, decrease the extent to which migratory 
species may move within individual river systems (Chan et al., in press), and decrease the 
longevity of refugial habitats.  Increased rainfall intensity, unaccompanied by an overall 
substantial increase in total rainfall, may mean that flood events are less protracted.  Thus, 
intermittent tributary streams are less likely to provide suitable spawning habitat for a sufficient 
time to allow hatching, development and migration back to permanent refugia for species such as 
plotosid catfishes.  Increased evapotranspiration and reduced aquifer recharge are likely to result 
in fewer refugial habitats persisting for the entire dry season. 

It must be noted that the generally low levels of development, near-natural condition of the 
catchments and near-natural flow regimes of rivers of northern Australia provide a circumstance 
where the native fauna is not constrained by human factors in its potential capacity to adjust to 
system wide changes as a result of global climate change (Palmer et al., 2009).  This is in stark 
contrast to the situation in the remainder of the country. 
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5.2.7 IMPACTS OF FLOW REGIME ALTERATION AND ASSOCIATED 
INFRASTRUCTURE 

The maintenance of the natural flow regime is critical to the integrity of aquatic ecosystems and 
maintenance of biodiversity.  The distinctive flow regimes of northern Australia remain largely 
unaffected by human activities.  Floods play a critical role in the wet-dry tropics by transporting 
sediments and nutrients through river systems, structuring riparian vegetation communities, river 
channels and floodplains, thereby creating a diversity of habitats for aquatic flora and fauna.  
Floods perform a large role in distributing riparian wood and instream habitat important for aquatic 
biota such as algae, fish and crocodiles.  They also play a key role in providing opportunities for 
biota such as crustaceans, fish and crocodiles to move throughout the river landscape.  Floods 
provide cues for numerous species to spawn, migrate or nest, and their magnitude can be related 
to recruitment success for species such as barramundi, among others (Balston et al., 2009).  
Flood harvesting and large impoundments can alter the size, timing and duration of floods, 
potentially trapping them completely, and greatly alter the movement and distribution of biota 
throughout rivers (Pusey and Kennard, 2009; Doupé and Pettit, 2002). 

The only three large irrigation developments in northern Australia (the Ord River irrigation area, 
the Mareeba-Dimbulah irrigation scheme in the upper Walsh/Mitchell and the Burdekin irrigation 
area) all have, due to releases of water stored in dams for irrigation, greatly increased dry season 
streamflow compared to their natural regimes (see Section 5.8).  This has many effects upon the 
ecology of these river reaches with the most obvious being changes to channel shape, sediment 
deposition and riparian vegetation.  Other water resource developments that do not release water 
down natural watercourses (or do not release water at all as is the case for some weirs), create 
reduced dry season flows at a time when demand for water is high.  Water extraction at this time 
reduces baseflow, dewatering important flow-sensitive habitats, which are critical for many fish 
species as well as for aquatic algae and invertebrates, which provide food for larger species such 
as freshwater crocodiles, barramundi and black bream (Douglas et al., 2005; Townsend and 
Padovan, 2009; Chan et al., 2010).  Extreme reductions in flow can disconnect river reaches, 
preventing the movement and migration of numerous crustacean, fish and turtle species, and 
resulting in isolated populations more at risk from localized disturbances.  

Naturally isolated waterholes are a common feature of many intermittent rivers in northern 
Australia (see Chapter Two).  They are critical refuges for water‐dependent biota and are key 
watering points for many terrestrial animals during the dry season.  Waterholes are often 
sustained by connection to groundwater once surface flow has ceased.  Waterholes denied this 
connection by lowered groundwater levels dry out more quickly and their value as a refuge can be 
compromised by an unnaturally rapid deterioration in water quality (e.g. low dissolved oxygen and 
increased concentration of salts).  Dry season waterholes may be the only source of aquatic 
refuge over many hundreds of kilometres of otherwise dry streambed.  The refuge provided by 
isolated waterholes therefore assumes great importance as they are the point from which 
recolonisation and dispersal along the river occurs once connectivity is restored by wet season 
flows.  Human impacts on the spatial distribution and duration of persistence of dry season 
waterholes therefore can have far-reaching ecological consequences through space and time. 

Many northern Australian species of fish, crustaceans and other biota move extensively 
throughout river networks, on and off seasonally inundated floodplains and between freshwater 
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and marine ecosystems.  Such movements are necessary to complete life‐cycles and are vital for 
maintaining viable population sizes and genetic integrity.  Water infrastructure developments such 
as dams, weirs and tidal barrages can provide significant barriers to such movement.  Poorly 
designed road crossings may act as barriers, even in large rivers.  Barriers to movement can 
prevent access to upstream riverine habitats, which are vital for development of many species of 
fish, which spawn in estuaries (e.g. barramundi, sawfish, bullsharks and a host of other species) 
but can also spend much of their early lives in freshwaters, often far upstream.  The impacts of 
barriers may therefore be felt in commercial fishery values.  Cascading impacts throughout the 
riverine ecosystem can also occur because many such species are top predators and have an 
important role in structuring natural communities and in the way in which carbon and energy move 
through aquatic food webs (Pusey and Kennard, 2009; Douglas et al., 2005).  Similarly, 
freshwater fish such as black bream (Hephaestus fuliginosus) and eel‐tailed catfishes (Neosilurus 
spp.) can be prevented from accessing tributary streams required for spawning.  In the absence 
of such movement, local replenishment of populations diminished by seasonal drought or flooding 
cannot occur. 

Although there are relatively few large dams across northern Australia, there are numerous 
smaller dams and weirs.  Many such structures pose a barrier to the movement of aquatic 
organisms.  An audit of the number of such barriers and the extent of river length denied to 
migratory species has not yet occurred for all of northern Australia.  However, an assessment 
undertaken in the Gulf region alone identified artificial barriers to fish passage on two of three 
branches of the lower Nicholson River, the main reach of the Gregory River at the Doomadgee 
Crossing, both the Bynoe and Flinders channels in the lower Flinders River, the lower Norman 
River at Glenore Weir, the Leichhardt River at Kajabbi, the Mitchell River at Lake Mitchell, the 
Leichhardt River at Lake Moondarra and Lake Julius and numerous other smaller weirs and road 
crossings (Hydrobiology, 2006).  Road crossings can also form artificial barriers to movement, 
particularly during low flow periods when many species of fish undertake dispersal movements 
throughout river networks (Lamche, 2006; van Dam et al., 2008; Pusey and Kennard, 2009).  Any 
development of northern Australia is likely to involve expansion of the existing road network and 
may place further pressure on these migratory species. 

In conclusion, rivers are highly connected ecosystems and the distribution, reproductive biology 
and movement characteristics of the freshwater fish fauna reflect this.  Changes in connectivity, 
either through the imposition of barriers associated with infrastructure (dams, weirs, barrages and 
road crossings), or changes in flow regime that dewater critical stream reaches, have high 
potential to interfere with movement and reproductive success and hence the maintenance of 
biodiversity.  Similarly, changes in connectivity between the estuaries and their upstream river 
and floodplain habitats has great potential to interfere with breeding and recruitment with flow on 
effects on commercial and recreational fisheries of great value.  Moreover, such impacts are likely 
to influence rivers over their entire length given the extent to which floodplain derived biomass is 
transported.  The maintenance of connectivity is key to managing the effects of water resource 
development and potential future climate change.  
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5.3 THERMAL TOLERANCE OF AQUATIC FAUNA IN NORTHERN 
AUSTRALIA 

5.3.1 INTRODUCTION 
Temperature is arguably the most important water quality parameter.  Not only does it have a 
direct influence upon habitat suitability for aquatic biota, but it also is a major modifier of a wide 
variety of physical, chemical and biological processes.  Despite this, we know very little about 
temperatures typically found in northern Australian waters, or about the tolerances of aquatic 
fauna to these temperatures.   

Under most climate change scenarios, the temperature of stream water is likely to change, 
usually increasing.  It is commonly said that many faunal species may be living close to their 
maximal thermal tolerance in northern Australia and that further increases in temperature may 
cause reductions in species diversity and reduced performance of many species.  However, there 
is precious little data upon which to base such comments.  What data is available (mostly in 
government datasets) has never been summarised for interpretation.  Thus, there is no basis for 
understanding current thermal regimes or faunal response to any significant future climate related 
changes in northern waterways.  This section evaluates stream water temperatures in northern 
Australia.  The evaluation is exploratory in nature, reviewing literature, existing datasets and 
collecting some new data and trialling various experimental methods for testing faunal tolerance 
to water temperature.  It is envisaged that this exploratory approach will highlight where further 
effort needs to be deployed in order to better appreciate the effect of possibly rising stream 
temperatures upon aquatic fauna.   

This evaluation has four components: 

 

1. Review of existing studies on faunal temperature tolerances and the methods used for 
such assessments. 

2. Collate and briefly analyse available stream temperature data from northern Australia. 

3. Deploy temperature loggers, as a pilot project to test their robustness and utility for 
collecting large amounts of temperature data. 

4. Undertake some preliminary thermal tolerance testing of some common northern fish 
species, reviewing and trialling various methods for testing.  

 

5.3.2 LITERATURE REVIEW 
The study of thermal tolerance of aquatic fauna is a significant area of study in the USA, initially 
largely motivated by studies on the impacts of power station cooling water, but now increasingly 
by the prospect of climate change.  By contrast, in Australia, like most other countries, the effort 
on this topic is miniscule - just a handful of studies.  Overall, more than 130 studies have been 
found and reviewed on experimentally testing the effects of temperature on aquatic organisms.  
Fish are by far the most commonly tested fauna. 
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By far the most common method in the literature of testing upper thermal tolerance is the critical 
thermal method (CTM or CTmax when referring to the critical thermal maximum).  This method 
involves raising the temperature of the test water over a fixed period and recording the 
temperature at which fish behaviour (or survival) changes.  Another common method is the 
ʻIncipient Lethal Temperatureʼ (ILT), effectively a lethal test involving the rapid transfer of test 
fauna from one temperature to another higher temperature.  ILT thresholds generally occur at 
considerably lower temperatures than CTM thresholds.  This is due to there being no opportunity 
for acclimation during the test period itself and this is essentially an assessment of response to 
thermal shock, something which happens rarely in natural settings, hence the strong preference 
for using the CTM. 

Key elements in CTM testing are: 

 

1. The acclimation duration and procedure before the test starts. 

2. The rate at which temperature increases during the test. 

3. The variable used to measure faunal response to increased temperature (i.e. to judge the 
end-point of the test). 

 

EXPERIMENTAL METHODS 

When undertaking laboratory tolerance studies, it is important to test a wide range of species with 
the same method, and where valid and useful to do so, choose a widely adopted method that can 
be compared across different studies.  Lethal tests are probably more relevant than sub-lethal 
tests and not just because of the finality of a lethal test.  Sub-lethal responses are wide and 
varied, from effects on feeding rate, growth and reproduction, to swimming speed and changes in 
habitat utilisation.  A lethal end-point is thus more defined, replicable and comparable across 
studies.  These days, for ethical reasons, most studies tend to find a response that approximates 
a lethal end point or the point at which the test organism is forced to undertake highly risky 
behaviour, such as swimming near the surface in open water in order to obtain oxygen from the 
air, or to swim in deep cooler water, where oxygen is more limiting and predation risk may be 
much higher. 

Several methods have been utilised in literature studies for measuring when a test species (nearly 
always a fish) is close to death, but can then be revived by quickly removing the test subject to 
cooler water.  Methods for assessing these ʻnear lethalʼ responses include ʻOnset of Spasmsʼ 
(OS), and ʻFlaring of Operculaʼ (FO) but the most commonly used is ʻLoss of Equilibriumʼ (LE), 
which is sometimes also known as ʻLoss of Righting Responseʼ (LRR) which is similar, both 
reflecting the inability of the test subject to maintain its normal upright body position.  Complete 
loss of equilibrium usually happens quite rapidly and is complete, so that after initial trials 
becoming accustomed to this response, there is little variation between observers. 

Lutterschmidt and Hutchison (1997) compared CTmax for 24 fish species using OS and LRR as 
end points.  They found that CTmax derived from LRR was much lower than CTmax derived from 
OS, for all 24 species, with an average difference of 3.2°C.  Clearly, use of OS will thus produce 
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higher CTmax values, but is this the most ecologically significant end point parameter?  For all of 
the fish and crustacean species we have tested, none showed any obvious signs of spasms and 
in all cases, loss of equilibrium occurred moments before death and fish need to be removed very 
quickly after losing their upright position, in order for them to recover.  Thus, onset of spasms was 
not deemed a suitable parameter for measuring the end point of these tests and it would seem to 
have limited use in providing a comparable measure across studies and different species. 

In studies utilising the CTmax method, rates of temperature rise vary from 0.1-1.0°C/minute.  This 
generally makes for a test lasting 15 minutes to 2.5 hours.  The use of CTM avoids the problems 
associated with thermal shock, if quickly transferring or transitioning fish from a lower temperature 
to a higher temperature.  In addition to avoiding thermal shock, the rapid rising of water 
temperature in less than 2 hours, also does not allow the test subject time to acclimate during the 
test itself, something that is a problem for tests conducted over longer time periods.  

The temperature at which a CTmax test is started (i.e. the temperature at which the test subjects 
have been acclimated) has been shown to affect the outcome quite considerably, by up to 4.5°C.  
This is because the test subjects acclimate to the higher temperatures and are thus able to 
produce a higher CTmax result.  This points to the importance of selecting an acclimation 
temperature that is representative of temperatures in the field, which we have done in our 
experimental tests.  We selected 28°C for this reason.  It is commonly used in studies in tropical 
waters and happens, by coincidence, to be the mean surface water temperature from 21 sites 
from which we collected temperature data in this study (see Section 5.3.4). 

 

EXPERIMENTAL LITERATURE VALUES 

Over 130 journal articles have been located that investigate the thermal tolerance of freshwater 
fauna, covering >150 species.  In the USA, 22 fish species have been found to have a CTmax > 
40°C, with the maximum being 45.4°C (Beitinger et al., 2000).  Rajaguru (2002) found the CTmax 
of both barramundi (Lates calcarifer) and mullet (Liza dussumeri) to be 44.5°C.  Warm-adapted 
populations of eastern gambusia (Gambusia holbrooki) can reportedly survive up to 44°C for short 
periods but 38°C is generally their thermal maximum (Lloyd, 1984). 

Only four CTmax studies have been conducted in Australia – that of Llewellyn (1973) on spangled 
perch, Beumer (1979) on spangled perch and eastern rainbowfish, Harasymiw (1983) who 
studied three species from Victoria and Patra et al. (2007) who studied three native and one 
exotic species (trout).  Llewellyn reported the CTmax of adult spangled perch (from central 
Australia) as 39°C, whereas Beumer reported it (for fish from north Queensland) to be 41.8°C and 
for eastern rainbowfish, 34.4°C.  Patra et al. (2007) acclimated their fish at 20°C and found the 
CTmax for Bidyanus bidyanus (silver perch), Melanotaenia duboulayi and Hypseleotris 
klunzingeri, to be 35.0, 38.0 and 36.1°C respectively.  This is in general a lower CTmax than we 
found for the related Melanotaenia splendida and Hypseleotris compressa.  In Harasymiw (1983), 
southern pygmy perch, river blackfish and Australian smelt were found to tolerate, for extended 
periods, 27, 28 and 29°C respectively.  This major difference between temperate and 
tropical/inland species is not surprising.  In a review of CTM temperature tolerance studies in the 
USA to that time, Beitinger et al. (2000) found that 8 of the 9 temperate salmonid species tested 
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had CTmax values between 29.2 and 30.0°C, compared to the sub-tropical species, many of 
which had CTmax values > 40°C. 

In addition to those studies, Lee and Fielder (1982) studied the temperature tolerance of the 
widespread freshwater shrimp (Macrobrachium australiense – common in Australia), finding that 
30°C was optimal for achieving the growth rate from larvae to adult, yet 35°C resulted in 100% 
mortality.  Manush et al. (2004) found the CTmax of the freshwater prawn Macrobrachium 
rosenbergii in India (although this species also occurs in northern Australia) to range from 40.7-
42.0°C, depending on the acclimation temperature (25, 30 or 35°C).  Rajaguru (2002) tested the 
CTmax of seven estuarine fish species in India, six of which (barramundi, mullet, Therapon 
jarbua, Ambassis commersoni, Scatophagus argus and the whiting Siganus javus), also occur in 
Australia.  Based on LRR, these figures were 43.5, 43.8, 41.0, 38.5, 41.0, and 37.5°C 
respectively.  Rajaguru (2002) also tested these same species till their death in 24hr ILT tests 
resulting in CTmax values 1-4°C lower than that achieved by the original CTM tests of LRR.  This 
clearly shows the effect of more sudden transitions, and prolonged exposure, to high 
temperatures.  Newton et al. (2010) studied the thermal tolerance of barramundi using the time 
taken to lose swimming equilibrium after the test water had risen from 28°C to 40°C.  This is a 
different method to most other studies so the results are not directly comparable, but it is of note 
that they found a significantly higher temperature tolerance in barramundi they tested from a 
tropical population (Darwin) compared to the sub-tropical population (Gladstone). 

 

5.3.3 FIELD OCCURRENCES OF FISH WITH TEMPERATURE  
It was decided to examine the range of temperatures that freshwater fish have been caught from 
in northern Australia.  The presence/absence database of the North Australian Freshwater Fish 
(NAFF) program (http://www.jcu.edu.au/archive/actfr_old_Projects/FishAtlas/Index.htm) was used 
as the base layer for fish occurrences.  This database lists the findings from the majority of fish 
surveys across northern Australia up to 2010.  We re-examined the documents and files (some 
are unpublished data) of these surveys used to create the database, in order to extract field-
recorded water temperatures taken at the time of the fish surveys, and added these to the 
database. 

The NAFF database includes 22,642 fish survey records from nearly 3,000 sites across northern 
Australia.  We were able to add temperature data for 27% of these survey records.  Across all 
records, the mean temperature recorded was 25°C, the maximum was 43°C, the 10th%ile was 
24°C and the 90th%ile was 38°C.  Of the > 220 species/taxa in the NAFF database, 171 had > 1 
temperature record, 75 had > 10 temperature records, 55 had > 20 temperature records and 32 
had > 50 temperature records.  Those 32 species/taxa with > 50 records are shown in Table 35.  
The maximum temperature recorded was 40°C (recorded for nine species) and the remarkable 
similarity in the mean temperature (overall mean of 25.3°C) for each species is also apparent.  
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Table 35.  Maximum and mean field temperatures recorded in fish surveys across 
northern Australia. 

Genus Species 
No. 
Records 

Max 
Temp 

Mean 
Temp 

Ambassis Ambassis sp  152 40.0 25.7 

 
A. agrammus 59 33.8 25.2 

 
A. macleayi 151 37.0 25.5 

Amniataba A. percoides 327 40.0 25.1 
Anguilla A. reinhardtii 55 37.0 26.0 
Anodontiglanis A. dahli 66 34.0 24.9 
Arius Arius sp 58 32.0 25.8 

 
A. graeffei 50 32.7 23.4 

Craterocephalus 
C. 
stercusmuscarum 204 37.0 25.7 

Glossamia G. aprion 286 37.0 25.3 
Glossogobius Glossogobius sp 63 32.0 25.3 

 
G. giurus 92 40.0 26.3 

Hephaestus H. fuliginosus 196 35.0 24.8 
Hypseleotris H. compressa 52 36.6 26.5 
Lates L. calcarifer 196 37.0 25.7 
Leiopotherapon L. unicolor 422 40.0 24.9 
megalops M. cyprinoides 110 37.0 26.4 
Melanotaenia Melanotaenia sp. 141 40.0 25.8 

 
M. australis 97 34.8 25.2 

 
M. nigrans 65 34.8 25.9 

 

M. splen. 
inornata 186 35.5 24.5 

 

M. splen 
splendida 85 37.0 25.9 

Mogurnds M. mogurnda 154 40.0 26.1 
Nematalosa N. erebi 331 35.5 24.6 
Neosilurus Neosilurus sp 104 40.0 26.1 

 
N. ater 116 34.8 25.1 

 
N. hyrtlii 149 35.5 24.6 

Oxyeleotris O. lineolatus 150 35.0 24.1 

 
O. selheimi 122 34.0 24.8 

Scortum S. ogilbyi 72 34.0 23.7 
Strongylura S. krefftii 166 40.0 25.6 
Toxotes T. chatareus 281 40.0 25.2 

 
Totals 4758 40.0 25.3 

 

It should be noted that the data probably exaggerates the temperature of fish species 
occurrences.  Most fish surveys occur in waterbodies of some size and many of these probably 
have a thermocline present.  Thus the temperature of the water (usually measured at the surface) 
may not reflect the temperature the fish were actually living at, if they were either residing or 
regularly visiting, deeper, cooler water.  It is also possible that fish surveys avoid the hottest times 
of the year, both due to uncomfortable working conditions and the risk of wet weather in remote 
areas. 
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In the USA, Eaton et al. (1995a) analysed a dataset containing 207,846 sets of spatially and 
temporally concurrent fish and stream temperature data (note that only flowing stream data was 
used as this promotes more uniform temperature distribution within the stream waterbody).  From 
this, they compiled maximum field temperature values for 30 fish species.  For 26 of these 
species, laboratory-derived upper temperature tolerance data was also available to compare to 
the field data.  For all 26 species, the 95%-ile of the field data was lower than the laboratory-
derived upper thermal tolerance, with differences ranging from 0.3-8.0°C.  Differences between 
field and laboratory data were greater for warm-water species (mean difference 4.9°C, n=12) 
compared to cool and cold-water species (mean difference 2.2°C, n=14).  Eaton et al. (1995b) 
examined this dataset further, using 141,208 ʻmatched pairʼ data points, where the occurrence of 
one of 29 fish species is matched with mean weekly water temperature measured within the same 
reach as the fish record.  From this dataset, they searched for matched pairs for 12 fish species 
for which laboratory temperature tolerance data was available.  For these 12 species, they 
derived upper extreme habitat tolerances (95%-ile values) and compared them to the laboratory-
derived tolerances.  For 11 of the 12 species they examined, the upper extreme habitat tolerance 
value was lower than the laboratory-derived upper thermal tolerance limit.  For the four warm-
water species in their analysis, this difference ranged from 1.1 up to 5.3°C.  Similarly to these 
analyses, for three (eastern rainbowfish, fly-specked hardyheads and empire gudgeons) of the 
four fish species we tested in laboratory tolerance tests, the maximum field temperature data from 
which they have been recorded is several degrees lower than the CTmax they achieved in 
laboratory tests.  This again confirms the utility of these rapid tests as conservative estimators of 
thermal tolerance. 

 

5.3.4 STREAM TEMPERATURE DATA 
It is desirable to know what the water temperature is across numerous field sites.  The most 
comprehensive temperature databases available are those collected by the respective state water 
management agencies in Qld, NT and WA.  This collecting effort is associated with their gauging 
stations.  It thus has a bias towards high flow volume streams, but nonetheless represents the 
largest temperature datasets available.  Stream temperature data was requested from the 
relevant state agencies in each jurisdiction.  For WA, this covered just the Kimberley region.  For 
NT, it covered all catchments draining into the northern coastline.  In Qld, we have data for all 
northern catchments, but only data for the Gulf of Carpentaria has been fully analysed for this 
investigation.  Almost 11,000 manual spot temperature readings are represented in Table 36. 

 
Table 36.  Summary of spot temperature readings from state agency data. 

Region No sites No records Mean Max 10th%ile 90th%ile 
WA 
(Kimberley) 

205 3229 28.1 44.0 23.0 32.2 

NT >200 5227 28.4 43.0 24.0 33.0 
Qld (GoC) >150 2518 26.8 41.0 21.4 31.7 

 

The mean values are quite similar across the regions.  Although maximum values reached above 
40°C, more than 90% of temperature readings were below the low 30ʼs.  These are of course 
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manual spot readings taken at varying times of the day and year and despite their numerical 
abundance, have only a limited ability to describe typical stream temperatures in northern 
Australia.  It is worth noting however, that the mean and maximum values in these datasets are 
greater than the mean and maximum values in the fish occurrence dataset.  

 

LOGGED TEMPERATURE DATA 

The problems with datasets based on manual spot measurements is the lack of data on diel 
cycling and daily and seasonal changes, and the inability to determine whether the maximum 
temperature has been captured.  The deployment of temperature loggers overcomes these 
problems.  In Queensland, a number of temperature loggers have been deployed at various times 
at 34 gauging stations.  We acquired this raw data from DERM and have processed it to produce 
the summary shown in Table 37.  More than 904,000 data points from 130,477 days were 
provided. 
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Table 37.  Summary of logged temperature data obtained from Queensland gauging 
stations. 

Catchment Site Name Date Range No. Data Max Min Mean 
90th 
%ile 

50th 
%ile 

10th 
%ile 

Mitchell Flat Rock 1997-2003 12,345 33.7 17.8 25.5 30.8 26.3 18.9 
Normanby Kalpower Xʼing 2005-2011 18859 35.2 22.5 28.3 31.5 28.6 24.9 
Annan Beesbike 1990-2011 32611 33.7 17.9 25.1 28..7 24.8 22.0 
Burdekin Sellheim 1968-2011 52731 35.5 11.5 25.4 29.9 25.7 20.2 
Burdekin Clare 1974-2011 36260 34.5 16.3 26.3 30.0 26.9 21.1 
Burdekin Dalbeg 1975-2002 26730 36.4 10.1 25.1 29.1 25.7 20.3 

Burdekin 
Leichhardt 
Downs 1997-2002 11938 35.3 13.8 26.0 30.5 26.8 19.8 

Burdekin Hydro Site 1977-2011 40241 31.2 16.2 24.6 28.2 25.2 20.2 
Burdekin Mount Fullstop 1965-2011 45814 42.2 11.4 25.8 29.9 26.1 20.7 

Burdekin 
Lake Lucy 
Dam Site 1973-2010 9854 42.7 15.8 25.5 29.1 25.8 20.8 

Burdekin Exmoor 1967-1988 21248 34.8 13.4 25.1 30.1 25.7 19.2 
Burdekin Red Hill Crk 1992-2006 32013 64.0 9.5 25.9 30.3 26.3 20.1 
Burdekin Kerale 1992-2006 44491 35.7 7.9 23.7 29.4 24.2 17.1 
Burdekin Pump Station 1968-2007 8081 35.9 15.6 25.3 30.2 25.6 19.5 

Burdekin 

Gregory 
Development 
Rd. 1976-2011 27475 34.2 8.9 24.3 30.0 25.5 16.9 

Burdekin Taemas 1968-2011 42862 42.1 8.3 25.1 30.0 25.8 18.9 
Burdekin St Anns 1967-2011 25786 40.2 3.9 25.0 31.1 26.0 17.1 
Burdekin Violet Grove 1967-2011 17025 39.7 10.2 23.0 28.0 24.3 15.4 

Burdekin 

Bowen 
Development 
Rd 2006-2011 11677 34.2 11.2 23.2 29.7 23.8 15.8 

Nicholson 
Riversleigh 
No.2 1968-2011 32534 35.9 17.8 27.7 31.8 28.3 22.2 

Leichhardt Gunpowder 1971-2011 23214 40.7 13.6 26.8 31.8 27.7 20.1 

Leichhardt 
Doughboy 
Creek 1978-2011 11017 37.6 11.4 24.8 31.6 24.6 17.6 

Flinders Richmond 1971-2011 24527 46.7 10.3 27.1 33.0 27.5 19.9 
Flinders Mt Emu Plains 1971-2011 35429 36.7 10.4 23.3 29.0 24.0 17.1 

Flinders 
Railway 
Crossing 1969-2011 30071 48.8 12.9 27.3 32.0 28.4 19.8 

Flinders Julia Creek 1970-2011 12983 54.6 9.7 25.7 32.7 26.3 16.8 
Gilbert Einasleigh 1966-2011 35074 42.9 5.1 25.7 29.8 26.5 20.2 
Mitchell Koolatah 1972-2010 56620 36.8 18.3 28.7 32.1 29.3 24.6 
Mitchell Dunbar 2009-2011 7732 34.9 22.1 29.5 32.2 29.9 26.2 
Mitchell Goldfields 1967-2011 49784 46.0 12.0 24.8 28.9 25.2 19.9 
Mitchell Flatrock 1968-2011 40111 32.9 15.2 25.6 29.1 26.2 21.1 
Jardine Monument 1978-2011 26903 34.1 22.0 27.7 29.7 27.7 25.8 
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The overall mean temperature from this logged data is 25.7°C.  This is much lower than the 
approx. 28°C average we recorded from our 30 deployed temperature loggers (see data provided 
below).  However, our logged data only include spring/early summer, not winter so may 
overestimate annual averages.  Several DERM logging stations have recorded temperatures over 
40°C, though the highest 90th percentile value is 33.0°C.  For some sites, the temperature data 
clearly has some errors.  For instance, the maximum values at Red Hill (Burdekin catchment), 
Flinders River at Richmond, Dugald River rail crossing and Julia Creek are clearly erroneously 
high.  Further cleansing of this massive data set is required to complete the analysis. 

Several of the 34 gauging stations (especially in the Burdekin catchment) now have > 40 years of 
logged temperature data.  This provides a large dataset for evaluating trends over time.  It should 
be noted however, that all datasets contain many gaps in their record due to various reasons 
(failed loggers, suspect data, temporary closures) – nonetheless, the record is significant. 

 

COLLECTED STREAM TEMPERATURE DATA 

Given that there is a bias in existing available datasets towards gauging stations in higher volume 
streams, it was decided to gather long-term logged temperature data from a variety of other types 
of sites in the region, including targeting smaller waterbodies as these are very common across 
northern Australia but greatly underrepresented in existing datasets, and will tend to heat up more 
than larger, flowing sites.  We have deployed 30 temperature loggers at 21 sites in north 
Queensland (some sites have > 1 logger to account for spatial variation within a waterhole).  For 
seven of these sites, we have also deployed air temperature stations so we can compare ambient 
air temperature with stream temperature.  These loggers (in water and air) are recording data 
every 15 minutes, and will remain deployed well into 2012, though the data displayed in this 
report are only up to mid-December 2011.   

There are a variety of temperature loggers available in the market.  We reviewed these and 
decided upon the HOBO range (Onset Corporation) of loggers and pendants.  These units (we 
are using two different models) are small (< 5cm), waterproof, have a long battery life (12+ 
months) and data can be downloaded in the field via USB, enabling the loggers to remain 
deployed.  We also had to devise a system of deploying these loggers at the right depth in the 
water column.  This was via a 25cm diameter buoy, with an attached anchor and chain to prevent 
dislodgement during flow events.  Where possible, each buoy was also secured to the nearest 
tree by a rope.  The surface logger is attached to the underside of the buoy as it is important to 
shield it from the sun at all times as any direct exposure would produce highly erroneous results.  
If a bottom logger was also deployed, it was attached to the chain, 20-30cm above the substrate.  
Prior to deployment, temperature loggers and pendants were tested and compared against each 
other and more expensive laboratory-calibrated instruments, and were found to all give very 
similar temperature readings, suggesting their reliability for this kind of work.  These loggers are 
rated to 0.3°C, the same as official meteorology stations and our pre-deployment testing 
confirmed their ability to maintain this degree of accuracy. 

To interpret water temperature data, it is important to also know the prevailing air temperature 
patterns at the same time.  Regional weather stations are too distant from field sites and may not 
give locally accurate information.  Thus, at several sites, we also deployed air temperature 
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loggers.  These also had to be protected from direct sunlight and wind but without encasing them 
in an artificial thermal environment.  Hence the use of the ventilated multi-plate shields seen in the 
photos below.  This protected the logger from sunlight and breeze whilst still allowing airflow to 
the logger.  When deployed in strong sunlight, a large plastic solar shield (far right photo) was 
also put over the whole arrangement.  Air temperature loggers were deployed following 
meteorological conventions of being > 1.2m off the ground, and in a clearing of > 9m (although 
this was not always possible).  For sites within reasonable distance of each other, we only 
deployed an air temperature logger at one site and used data from that site for one or more other 
nearby sites.  In total, we deployed 30 water temperature loggers at 21 sites, and air temperature 
loggers at 7 sites. 

 

 

 

Site locations for 21 locations at which we deployed loggers are provided in Table 38.  Plots of 
water and air temperature data for these 21 sites, along with photos of each site, are presented in 
Figure 161 to Figure 181. 

Summary statistics for all loggers are provided in Table 39, noting that for sites close together, 
only one air temperature logger was deployed and thus the air temperature for nearby sites is 
identical.  This saved costs for air temperature logger purchase and deployment, which was 
greater than that for water temperature logger deployment due to the need to protect the sensor 
from the sun, whilst still allowing airflow.  The data are grouped under Means or Maxima with the 
headings explained below. 
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Table 38.  Locations of sites at which temperature data loggers were deployed. 

Site 
No. 

Catchment Site Name Sub-catchment Location 

1 Gilbert Jardine Lagoon Einasleigh River 18 22ʼ21.2”S  144 
05ʼ06.5”E 

2 Gilbert Elizabeth Creek Einasleigh River 18 07ʼ30.3”S  144 
17ʼ23.5”E 

3 Gilbert Elizabeth Creek Einasleigh River 18 05ʼ54.1”S  144 
27ʼ46.2”E 

4 Gilbert Junction Creek 
tributary 

Einasleigh River 18 10ʼ46.6”S  144 
14ʼ22.4”E 

5 Gilbert Junction Creek Einasleigh River 18 10ʼ46.3”S  144 
14ʼ24.2”E 

6 Gilbert Forlorn Creek Einasleigh River 18 12ʼ40.4”S  144 
02ʼ48.3”E 

7 Gilbert Ellendale Creek Einasleigh River 18 24ʼ33.1”S  144 
06ʼ08.6”E 

8 Gilbert Einasleigh River Einasleigh River 18 31ʼ01.7”S  144 
06ʼ37.4”E 

9 Gilbert Copperfield Gorge Einasleigh River 18 30ʼ41.0”S  144 
05ʼ53.9”E 

10 Gilbert Lagoon Creek 
anabranch 

Einasleigh River 18 43ʼ26.8”S  144 
18ʼ59.1”E 

11 Gilbert Lagoon Creek Einasleigh River 18 43ʼ21.1”S  144 
18ʼ59.7”E 

12 Gilbert MacKinnon Creek Einasleigh River 18 56ʼ55.1”S  144 
29ʼ37.5” E 

13 Gilbert Bundock Creek Einasleigh River 19 10ʼ26.9”S  144 
26ʼ29.4”E 

14 Burdekin Wambiana 
Homestead 

Campaspe River 20 33ʼ24.5”S  146  
06ʼ31.1”E 

15 Burdekin Mud Hole Lagoon Campaspe River 20 34ʼ12.4”S  146  
06ʼ26.7”E 

16 Burdekin Rocky Yards site 2 Campaspe River 20 27ʼ48.3”S  145  
56ʼ09.5”E 

17 Burdekin Rocky Yards site 1 Campaspe River 20 27ʼ46.6”S  145  
56ʼ02.7”E 

18 Burdekin Fish Hole Campaspe River, 
Homestead Ck 

20 25ʼ47.6”S  145  
56ʼ31.0”E 

19 Burdekin Lake Powlathanga Campaspe River, Balfes 
Ck 

20 14ʼ44.8”S  145 
57ʼ58.4”E 

20 Ross Campus (Wada Mooli) 
Creek 

Ross River  

21 Ross Idalia Lagoon Ross River 19 18ʼ32.4”S  146 
48ʼ41.9”E 

 

Mean Values 

Daily Minimum – the mean of all the daily minima values recorded (i.e., the average minima 
value) 

Daily Mean – the mean of all the mean values for each day (i.e., the mean value of the entire 
dataset at that site) 

Daily Maximum - the mean of all the daily minima values recorded (i.e., the average maxima 
value) 
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Daily Temperature Difference – the mean of each days daily range (i.e., the average daily range) 

Water minus Air – The difference between the daily mean for water and air temperature at each 
site.  Positive values represent mean daily water temperature exceeding mean daily air 
temperature.  Negative values represent cases where the mean daily air temperature exceeded 
mean daily water temperature. 

 

Maxima Values 

Daily Minimum – the highest temperature of all the daily minima temperatures recorded 

Daily Mean – the mean of all the daily maxima temperatures recorded (i.e., the average maxima 
value) 

Daily Maximum - the highest of all the daily maxima temperatures recorded (i.e., the highest 
temperature in the dataset for that site) 

Daily Temperature Difference – the largest daily range (i.e., the greatest difference between the 
minima and maxima in any one day) 

Water minus Air – The difference between the daily maxima for water and air temperature at each 
site.  Positive values represent daily maxima water temperature exceeding daily maxima air 
temperature.  Negative values represent cases where the daily maxima air temperature exceeded 
daily maxima water temperature. 

5-day mean – a mean is calculated for all the data points in each rolling 5-day period in the data 
for each site (egg, days 1-5, 2-6, 3-7, 4-8 and so on).  This value is the highest value of those 
mean values. 

5-day mean daily max – the highest temperature is calculated for all the data points in each rolling 
5-day period in the data for each site (egg, days 1-5, 2-6, 3-7, 4-8 and so on).  This value is the 
highest value of those maximum values. 

 

Other Values 

Time above air Temp (%) – this value represents the % of the data points where water 
temperature exceeded that of air temperature.  This rarely happens during daily maxima but is 
almost the rule during daily minima.  That is, because of the great daily range in air temperature 
compared to water temperature, air temperature generally exceeds water temperature during the 
mid-afternoon and water temperature generally exceeds air temperature at night. 

We selected 28°C as our standard acclimation and test temperature in our laboratory tests and as 
the temperature at which our fish and crustacean stocks are maintained.  This was selected 
arbitrarily based on our belief that this was a typical mean water temperature in northern 
Australia.  From the 21 sites at which we deployed temperature loggers, the mean surface logger 
temperature for each site ranged from 26.46°C (site 17) to 29.95°C (site 20), thus vindicating our 
choice of 28°C as a standard acclimation and laboratory housing temperature. 
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The key data from Table 39 are displayed graphically in Figure 160.  Mean air temperature was 
relatively similar across all sites.  Although in different catchments, they were all in dry tropical 
savanna environments and loggers were deployed during the same time periods.  In contrast to 
air temperature, mean surface and bottom water temperatures varied much more widely between 
the sites, reflecting the influence of local site conditions such as water volume, flow, shading, 
turbidity, presence of aquatic plants or orientation to the sun.  Loggers placed near the bottom of 
waterbodies had greatly reduced daily range compared to loggers positioned near the surface of 
waterbodies.  Air temperature exceeded 36°C at all sites except Lake Powlathanga (the record at 
this site was cut short due to cattle knocking over the air temperature logger, preventing data from 
being collected during the hotter December period when this site would have most certainly have 
exceeded 36°C as well).  In contrast, water temperature only exceeded 36°C (and briefly at that) 
at three sites (sites 9,15 and 20).  Interestingly, the highest water temperature recorded in this 
study (36.50°C) and the highest 5-day mean (31.72°C) and 5-day mean daily maximum 
(35.15°C), were all recorded at Campus Creek in Townsville, not at any of the Gulf of Carpentaria 
sites, validating its inclusion in this study.  The Campus Creek site was the smallest site utilised in 
this study and had very little shading, resulting in higher water temperatures.  The other 
Townsville site – Idalia Lagoon – was also among the warmest sites utilised.  Although larger in 
volume, it too is shallow and has little shading. 

The data presented here cover the hot and dry period in north Queensland from October to 
December, but it is likely that some hotter days will occur during summer (especially in January 
and February).  Summer temperatures are expected to vary more than indicated in this dataset as 
cloudy and rainy days alternate with periods of clear and hot days.  All loggers remain deployed 
over the summer period, with retrieval expected May-July. 
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Figure 160.  Summary statistics by site by sensor. Error bars are mean daily minimum and mean daily max. Note that site 14 has been removed 

because the sensor was disturbed and left exposed at the surface about a week after deployment (as would be expected the readings were 
considerably higher than air temperature).  
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Table 39.  Summary statistics of each site from which logging data was recorded. 

        Means       Maxima       Other 

Site Position Daily 
Min 

Daily 
Mean 

Daily 
Max 

Daily 
Temp 
Diff 

Water 
minus 
Air 

Daily 
Min 

Daily 
Mean 

Daily 
Max 

Daily 
Temp 
Diff 

Water 
minus 
Air 

5-day 
mean 

5-day 
Mean 
Daily 
Max 

Time 
above 
air % 

1 Surface 26.23 28.28 31.68 5.44 0.13 28.07 29.74 34.02 8.25 11.02 29.57 33.08 47.6 
1 Bottom 25.41 25.57 25.81 0.40 -2.79 27.14 27.24 27.58 1.18 10.71 26.97 27.21 36.0 
1 Air 18.68 27.39 36.74 18.06 na 23.77 29.16 38.16 23.35 na 28.13 37.37 na 
2 Surface 26.17 28.04 30.44 4.26 1.51 28.00 29.48 32.56 6.79 11.47 29.17 31.66 59.6 
2 Bottom 26.30 28.07 30.33 4.04 1.54 28.10 29.48 32.43 6.74 11.47 29.20 31.57 59.8 
2 Air 19.59 26.52 34.61 15.02 na 22.81 28.83 40.19 21.38 na 28.25 36.86 na 
3 Surface 25.29 27.91 31.54 6.25 1.39 27.53 29.70 34.36 8.50 10.82 29.59 33.22 59.3 
3 Bottom 25.28 27.33 29.93 4.66 0.80 27.53 29.09 31.71 6.68 10.96 28.84 31.28 58.4 
3 Air 19.59 26.52 34.61 15.02 na 22.81 28.83 40.19 21.38 na 28.25 36.86 na 
4 Surface 24.70 27.07 30.20 5.50 0.55 26.60 28.53 32.07 8.28 9.12 28.36 31.44 57.4 
4 Air 19.59 26.52 34.61 15.02 na 22.81 28.83 40.19 21.38 na 28.25 36.86 na 
5 Surface 26.74 28.60 30.53 3.79 2.08 28.57 30.01 32.38 5.08 12.06 29.71 31.76 61.6 
5 Air 19.59 26.52 34.61 15.02 na 22.81 28.83 40.19 21.38 na 28.25 36.86 na 
6 Surface 26.91 28.97 31.62 4.71 - 28.54 30.24 33.42 6.96 - 30.05 32.77 - 
7 Surface 24.05 27.32 31.22 7.17 -0.67 26.04 28.81 33.11 10.35 8.41 28.48 32.57 44.9 
7 Air 18.68 27.39 36.74 18.06 na 23.77 29.16 38.16 23.35 na 28.13 37.37 na 
8 Surface 28.30 29.46 31.12 2.82 1.85 29.72 30.58 32.46 4.17 14.17 30.22 31.72 62.9 
8 Bottom 28.13 28.37 28.71 0.58 0.77 29.57 29.85 30.85 1.81 13.55 29.35 29.85 56.7 
8 Air 20.57 27.60 35.29 14.71 na 24.64 30.03 38.16 21.65 na 29.27 36.93 na 
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Table 39.  (cont) 
 
        Means       Maxima       Other 

Site Position Daily 
Min 

Daily 
Mean 

Daily 
Max 

Daily 
Temp 
Diff 

Water 
minus 
Air 

Daily 
Min 

Daily 
Mean 

Daily 
Max 

Daily 
Temp 
Diff 

Water 
minus 
Air 

5-day 
mean 

5-day 
Mean 
Daily 
Max 

Time 
above 
air % 

9 Surface 25.60 28.92 33.50 7.90 1.32 28.94 30.92 36.09 12.56 10.37 30.50 34.83 62.1 
9 Air 20.57 27.60 35.29 14.71 na 24.64 30.03 38.16 21.65 na 29.27 36.93 na 
10 Surface 23.81 27.41 32.73 8.93 0.30 26.21 29.12 35.18 14.65 8.14 28.69 34.54 52.7 
10 Air 20.06 27.11 35.52 15.46 na 24.55 29.56 39.05 22.59 na 28.80 36.95 na 
11 Surface 27.83 28.75 30.13 2.30 1.64 29.24 30.30 32.38 4.09 13.45 30.04 31.58 60.5 
11 Bottom 25.82 26.43 26.99 1.17 -0.68 27.14 27.82 28.62 1.82 12.26 27.62 28.22 49.6 
11 Air 20.06 27.11 35.52 15.46 na 24.55 29.56 39.05 22.59 na 28.80 36.95 na 
12 Surface 25.95 28.27 32.10 6.16 1.69 27.48 29.85 34.47 9.62 11.63 29.28 33.59 60.2 
12 Air 19.35 26.59 35.28 15.92 na 24.26 28.70 38.05 22.02 na 28.18 36.88 na 
13 Surface 26.30 27.55 29.18 2.88 0.97 27.85 28.79 31.79 6.29 11.87 28.39 30.48 57.5 
13 Surface 26.56 28.08 30.18 3.61 1.50 28.79 29.93 33.24 7.02 12.21 29.35 31.90 59.4 
13 Bottom 26.24 27.04 28.13 1.89 0.45 27.70 27.98 31.92 6.21 12.25 27.81 29.15 55.6 
13 Air 19.35 26.59 35.28 15.92 na 24.26 28.70 38.05 22.02 na 28.18 36.88 na 
15 Surface 24.18 27.05 31.73 7.55 -0.12 26.60 29.23 36.34 11.59 9.21 28.51 33.09 54.7 
15 Air 19.47 27.16 35.98 16.51 na 24.55 29.50 39.05 22.27 na 28.79 37.80 na 
16 Surface 27.17 29.21 32.07 4.90 1.81 29.22 31.15 34.94 6.52 10.93 30.62 33.59 60.4 
16 Bottom 26.69 27.32 28.11 1.41 0.16 28.30 28.49 33.16 10.31 11.06 28.29 29.73 55.4 
16 Air 19.47 27.16 35.98 16.51 na 24.55 29.50 39.05 22.27 na 28.79 37.80 na 
17 Surface 22.38 26.46 30.78 8.39 -0.70 25.36 28.69 35.13 13.57 8.00 28.12 34.47 44.6 
17 Air 19.47 27.16 35.98 16.51 na 24.55 29.50 39.05 22.27 na 28.79 37.80 na 
18 Surface 24.26 26.47 29.48 5.21 -0.69 26.13 28.35 32.23 7.25 9.01 27.92 31.69 50.0 
18 Air 19.47 27.16 35.98 16.51 na 24.55 29.50 39.05 22.27 na 28.79 37.80 na 
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Table 39.  (cont) 

 

        Means       Maxima       Other 

Site Pos Daily 
Min 

Daily 
Mean 

Daily 
Max 

Daily 
Temp 
Diff 

Water 
minus 
Air 

Daily 
Min 

Daily 
Mean 

Daily 
Max 

Daily 
Temp 
Diff 

Water 
minus 
Air 

5-day 
mean 

5-day 
Mean 
Daily 
Max 

Time 
above 
air % 

19 Surface 23.40 25.62 28.96 5.56 -0.66 25.23 27.98 32.67 8.50 6.43 27.30 30.92 46.7 
19 Bottom 23.47 24.49 25.68 2.21 -2.06 25.33 26.54 28.20 3.33 6.43 26.31 27.92 43.7 
19 Air 18.70 26.09 34.32 15.61 na 21.66 27.71 36.40 18.62 na 26.90 34.96 na 
20 Surface 27.27 29.95 33.52 6.26 - 29.39 32.38 36.50 8.58 - 31.72 35.15 - 
20 Bottom 27.34 28.74 30.35 3.01 - 29.49 31.06 33.11 5.92 - 30.60 32.26 - 
21 Surface 26.16 28.36 31.07 4.91 - 29.97 32.01 34.84 6.39 - 31.37 34.15 - 
21 Bottom 26.27 27.97 29.89 3.62 - 29.67 30.14 31.87 6.21 - 29.72 31.33 - 

 

Start and end dates for air and water logger deployment were: Sites 1-13; 4-5 Nov – 14 Dec.  Sites 15-18; 25-26 Nov 8 Dec.  sites 20, 21; 20 Oct – 14 Dec  
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Table 40.  Overall Statistics. The “Paired Surface Sensors” are those that were paired with a bottom sensor (and which can therefore be used in a 
surface vs bottom comparison). Note the overall mean was 27.99 – vindicating our selection of 28C as an acclimation temperature (although this 
logged data only covers the last weeks of spring and the first 9 to 14 days of summer). Data groups defined as: 1, All surface sensors; 2, paired 

surface sensors; 3, all bottom sensors; 4, all sensors. 

          Means       Maxima     Other   

Statistic Data 
Group n Daily 

Min 
Daily 
Mean 

Daily 
Max 

Daily 
Temp 
Diff 

Water 
minus 
Air 

Daily 
Min 

Daily 
Mean 

Daily 
Max 

Daily 
Temp 
Diff 

Water 
minus 
Air 

Max 
5-day 
mean 

5-day 
Mean 
of Max 

Time 
above 
air % 

Mean 1 21 25.7 28.0 31.1 5.5 0.8 27.8 29.8 33.8 8.3 10.5 29.4 32.8 55.7 
Mean 2 9 26.5 28.4 31.0 4.5 1.3 28.6 30.4 33.8 6.7 11.4 29.9 32.7 58.4 
Mean 3 10 26.1 27.1 28.4 2.3 -0.2 28.0 28.8 30.9 5.0 11.1 28.5 29.9 51.9 
Mean 4 17 19.5 27.0 35.4 15.9 na 23.9 29.2 38.8 21.9 na 28.5 37.1 na 
Min 1 21 22.4 25.6 29.0 2.3 -0.7 25.2 28.0 31.8 4.1 6.4 27.3 30.5 44.6 
Min 2 9 23.4 25.6 29.0 2.3 -0.7 25.2 28.0 32.4 4.1 6.4 27.3 30.9 46.7 
Min 3 10 23.5 24.5 25.7 0.4 -2.8 25.3 26.5 27.6 1.2 6.4 26.3 27.2 36.0 
Min 4 17 18.7 26.1 34.3 14.7 0.0 21.7 27.7 36.4 18.6 0.0 26.9 35.0 0.0 
Max 1 21 28.3 29.9 33.5 8.9 2.1 30.0 32.4 36.5 14.6 14.2 31.7 35.2 62.9 
Max 2 9 28.3 29.9 33.5 6.3 1.9 30.0 32.4 36.5 8.6 14.2 31.7 35.2 62.9 
Max 3 10 28.1 28.7 30.3 4.7 1.5 29.7 31.1 33.2 10.3 13.6 30.6 32.3 59.8 
Max 4 17 20.6 27.6 36.7 18.1 0.0 24.6 30.0 40.2 23.4 0.0 29.3 37.8 0.0 
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Temperature regimes each of the sites where loggers were deployed are summarised in the 
sections below. Due to a sudden drop in air temperature on the 5th December, probably due to 
storms or an overcast afternoon, water temperatures did, at times, exceed air temperature that 
day at many of the sites described below.  This is considered to be a rare event. 

Site 1 – Einasleigh River, Jardine Lagoon (Figure 161) 

Jardine Lagoon is an off-channel lagoon.  This site was stratified as evidenced by the lack of diel 
cycling in the bottom temperature logger located at 1.5m depth.  The temperature recorded by the 
bottom logger at this site rose steadily from 24.2°C at the beginning of the deployment to 27.58°C 
by mid-December.  The surface logger showed diel cycling with the daily range often exceeding 
7°C.  Maximum water temperature at this site was 34.02°C.  Air temperature was taken from the 
nearby Ellendale site (site 7) (see description below for data)  

 

 
Figure 161.  Plot of temperature data for Site 1 – Jardine Lagoon, Einasleigh River. 
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Site 2 – Elizabeth Creek, Einasleigh River catchment (Figure 162) 

This site is obviously very well-mixed as both the surface and bottom (1m depth) loggers had 
almost identical results.  This concordance also demonstrates the reliability of the sensors used.  
Water temperature generally cycled over a 4 degree range (max daily range 6.79°C), whereas 
daily air temperature cycled over a mean range of 15.02°C (max daily range 21.38°C).  At this 
site, the max air temperature recorded was 40.1°C and the max water temperature recorded was 
32.56°C. 

 

 
Figure 162.  Plot of temperature data for Site 2, Elizabeth Creek. 

 

Site 3 – Elizabeth Creek, Einasleigh River catchment (Figure 163) 

This site is obviously well-mixed as both the surface and bottom (1m depth) loggers have similar 
results.  Water temperature generally cycled over a larger range in the surface (mean of 6.25°C, 
max 8.5°C) compared to a mean of 4.66°C (max 6.68°C) for the bottom logger.  Daily air 
temperature for this site was taken from the air temperature logger at nearby site 2 (mean daily 
range of 15.02°C, max daily range 21.38°C, max air temperature 40.1°C).  The maximum water 
temperature recorded at this site was 34.36°C for the surface logger and 31.71°C for the bottom 
logger. 
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Figure 163.  Plot of temperature data for Site 3, Elizabeth Creek.  

 

Site 4 – Junction Creek tributary, Einasleigh River catchment (Figure 164) 

This site was located 60m upstream of the tributary evident in the below photo.  Here the site was 
well-shaded and had a significant algae/submerged macrophyte community.  Due to its 
shallowness, no bottom logger was deployed.  Water temperature cycled over a daily mean range 
of 5.50°C (max 8.28°C).  The maximum water temperature recorded at this site was 32.07°C.  
Daily air temperature for this site was taken from the air temperature logger at nearby site 2 
(mean daily range of 15.02°C, max daily range 21.38°C, max air temperature 40.1°C).   
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Figure 164.  Plot of temperature data for Site 4, Junction Creek tributary.  

 

Site 5 – Junction Creek, Einasleigh River catchment (Figure 165) 

Due to its shallowness, no bottom logger was deployed at this site.  Water temperature cycled 
over a daily mean range of 3.79°C (max 5.08°C), much less than for the nearby site 4.  Despite 
this, the maximum water temperature recorded at this site was 32.38°C, which was very similar to 
site 4.  The 5-day mean maxima at these two sites were also similar (28.36°C for site 4 and 
29.71°C for site 5).  The largest difference was in the daily minima, with site 5 averaging about 
2°C warmer minima than site 5.  This is presumably due to the greater volume and less shading 
of site 5.  Daily air temperature for this site was taken from the air temperature logger at nearby 
site 2 (mean daily range of 15.02°C, max daily range 21.38°C, max air temperature 40.1°C). 
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Figure 165.  Plot of temperature data for Site 5, Junction Creek.  

 

Site 6 – Forlorn Creek, Einasleigh River catchment (Figure 166) 

This site was a small waterhole and only one logger was deployed (at 1.25m depth).  No air 
temperature logger was deployed within a viable distance of this site.  Water temperature cycled 
over a daily mean range of 4.71°C (max 6.96°C).  The maximum water temperature recorded at 
this site was 30.05°C. 
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Figure 166.  Plot of temperature data for Site 6, Forlorn Creek.  

 

Site 7 – Ellendale Creek, Einasleigh River catchment (Figure 167) 

Due to its shallowness, no bottom logger was deployed at this site.  Water temperature cycled 
over a daily mean range of 7.17°C (max 10.35°C).  The maximum water temperature recorded at 
this site was 33.11°C.  Air temperature at this site had a mean daily range of 18.06°C, with a 
maximum record of 38.16°C.  A fire melted the solar shield on the air temperature sensor in late 
November.  The sensor itself remained in working order but without the solar shield, recorded 
temperatures increased to over 49°C, so all post-fire air temperature data have been deleted.  
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Figure 167.  Plot of temperature data for Site 7, Ellendale Creek.  

 

Site 8 – Einasleigh River (Figure 168) 

This site was stratified as evidenced by the minimal diel cycling in the bottom temperature logger 
located at 3m depth, compared to the surface logger.  The temperature recorded by the bottom 
logger at this site had a mean of 28.37°C and a maximum of 30.85°C.  Its mean daily range was 
0.58°C, with a max daily range of 1.81°C.  The surface logger showed diel cycling with a mean 
daily range of 2.82°C (max daily range 4.17°C).  Maximum water temperature at this site was 
32.46°C.  Air temperature had a mean daily range of 14.71°C, with a maximum record of 38.16°C.   
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Figure 168.  Plot of temperature data for Site 8, Einasleigh River.  

 

Site 9 – Copperfield Gorge, Copperfield River, Einasleigh catchment (Figure 169) 

Only one logger was deployed (at 1.25m depth) within the waterbody.  The temperature recorded 
by the logger at this site had a mean daily range of 7.90°C, with a max daily range of 12.56°C.  
Maximum water temperature at this site was 36.09°C.  Air temperature had a mean daily range of 
14.71°C, with a maximum record of 38.16°C.   
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Figure 169.  Plot of temperature data for Site 9, Copperfield Gorge 

 

Site 10 – Lagoon Creek anabranch, Einasleigh catchment (Figure 170) 

Due to the shallow water, only one logger was deployed (at 0.6m depth) within the waterbody.  
The waterbody was clear when the logger was first deployed but highly turbid when the data was 
retrieved in December.  The temperature recorded by the logger at this site had a mean daily 
range of 8.93°C, with a max daily range of 14.65°C, the greatest daily mean and maximum range 
of any of the 21 sites in this dataset.  Maximum water temperature at this site was 35.18°C.  Air 
temperature for this site was from a logger shared with site 11 (also Lagoon Creek) (mean daily 
range 15.46°C, mean daily maximum 22.59°C, absolute maximum 39.05°C).   
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Figure 170.  Plot of temperature data for Site 10, Lagoon Creek anabranch. 

 

Site 11 – Lagoon Creek, Einasleigh catchment (Figure 171) 

This site is reasonably well stratified as the surface and bottom (4m depth) loggers have different-
shaped graphs.  Daily water temperature cycling was limited for both loggers however.  The 
bottom logger had a mean daily range of 2.17°C (max daily range 1.82°C) whereas the surface 
logger had a mean daily range of 2.30°C (max daily range 4.09°C).  This is the least amount of 
daily cycling for any surface logger in this study.  The maximum water temperature recorded at 
this site was 28.62°C for the bottom logger and 32.38°C for the surface logger.  Air temperature 
for this site was from a logger shared with site 10 (Lagoon Creek site 2) (mean daily range 
15.46°C, mean daily maximum 22.59°C, absolute maximum 39.05°C).   
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Figure 171.  Plot of temperature data for Site 11, Lagoon Creek. 

 

Site 12 – MacKinnon Creek, Einasleigh catchment (Figure 172) 

Only one logger was deployed (at 1.6m depth) within the waterbody.  The temperature recorded 
by the logger at this site had a mean daily range of 6.16°C, with a max daily range of 9.62°C.  
Maximum water temperature at this site was 34.47°C.  Air temperature for this site was from a 
logger shared with site 13 (Bundock Creek) which had a mean daily range of 15.92°C (max range 
22.02°C), with an absolute maximum temperature record of 38.05°C.   
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Figure 172.  Plot of temperature data for Site 12, MacKinnon Creek, Einasleigh catchment. 

 

Site 13 – Bundock Creek, Einasleigh catchment (Figure 173) 

A bottom logger was deployed at 1.5m depth along with a surface logger.  A second surface 
logger was also deployed (at 1.6m depth) in a different, and shallow section, of the same large 
waterbody.  The three loggers at this site have similar shaped-graphs although the magnitude of 
daily range varies.  The bottom logger had a mean daily range of 1.89°C (max daily range 
6.21°C).  The surface logger closest to this logger had a mean daily range of 2.88°C (max daily 
range 6.29°C), whereas the surface logger in the shallow section of this waterbody had a greater 
mean daily range of 3.61°C (max daily range 7.02°C).  The maximum water temperature recorded 
at this site was 31.92°C for the bottom logger, 31.79°C for the first surface logger and 33.24°C for 
the surface logger in the shallow zone of the waterbody.  Air temperature for this site was from a 
logger shared with site 12 (MacKinnon Creek) which had a mean daily range of 15.92°C (max 
range 22.02°C), with an absolute maximum temperature record of 38.05°C. 
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Figure 173.  Plot of temperature data for Site 13, Bundock Creek, Einasleigh catchment. 

 

Site 14 – Wambiana Homestead, Campaspe River (Figure 174) 

The sensor at Site 14 was deployed in the water at 1m depth.  During retrieval, it was found hung 
up on flood debris and exposed to the sun. The results suggest that this happened on 7/11/11, 
with the direct sun exposure causing this sensor to greatly exceed that of the air temperature 
sensor and with greater daily range.  This site was excluded from the statistical analysis. 
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Figure 174.  Plot of temperature data for Site 14, Wambiana Homestead, Campaspe River. 

 

Site 15 – Mud Hole, Wambiana station, Campaspe River anabranch (Figure 175) 

Only one logger was deployed (at 0.75m depth) within the waterbody.  The temperature recorded 
by the logger at this site had a mean daily range of 7.55°C, with a max daily range of 11.59°C.  
Maximum water temperature at this site was 36.34°C.  Air temperature for this site was from a 
logger shared with site 14 (Wambiana homestead) and sites 16,17 (Rocky Yards) which had a 
mean daily range of 16.51°C (max range 22.27°C), with an absolute maximum temperature 
record of 39.05°C.  
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Figure 175.  Plot of temperature data for Site 15, Mud Hole, Wambiana Station, Campaspe 

River. 

 

Site 16 – Rocky Yards site 2, Trafalgar Station, Campaspe River (Figure 176) 

This site is reasonably well stratified as the surface and bottom (2m depth) loggers have different-
shaped graphs with limited daily range for the bottom logger.  The bottom logger had a mean 
daily range of 1.41°C (max daily range 10.31°C but this only occurred after significant rainfall at 
the end of the data period) whereas the surface logger had a mean daily range of 4.90°C (max 
daily range 6.52°C).  The maximum water temperature recorded at this site was 33.16°C for the 
bottom logger and 34.94°C for the surface logger.  Air temperature for this site was from a logger 
shared with site 14 (Wambiana homestead), sites 16,17 (Rocky Yards) and site 18 (Homestead 
Creek) which had a mean daily range of 16.51°C (max range 22.27°C), with an absolute 
maximum temperature record of 39.05°C. 
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Figure 176.  Plot of temperature data for Site 16, Rocky Yards site 2, Trafalgar Station, 

Campaspe River. 

 

Site 17 – Rocky Yards site 1, Trafalgar Station, Campaspe River (Figure 177) 

Only one logger was deployed (at 0.95m depth) within the waterbody.  The temperature recorded 
by the logger at this site had a mean daily range of 8.39°C, with a max daily range of 13.57°C, the 
second largest range of any site (after site 10) in this study.  Maximum water temperature at this 
site was 35.13°C.  Air temperature for this site was from a logger shared with site 14 (Wambiana 
homestead), site 15 (mud hole), site 16 (Rocky Yards) and site 18 (Homestead Creek) which had 
a mean daily range of 16.51°C (max range 22.27°C), with an absolute maximum temperature 
record of 39.05°C. 
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Figure 177.  Plot of temperature data for Site 17, Rocky Yards site 1, Trafalgar Station, 

Campaspe River. 

 

Site 18 – Fish Hole, Homestead Creek, Trafalgar Station, Campaspe River catchment 
(Figure 178) 

Due to its shallowness, only a surface (0.75m deep) logger was deployed at this site.  Water 
temperature cycled over a daily mean range of 5.21°C (max 7.25°C).  The maximum water 
temperature recorded at this site was 32.23°C.  Air temperature for this site was from a logger 
shared with site 14 (Wambiana homestead), site 15 (mud hole), site 16 (Rocky Yards) and site 18 
(Homestead Creek) which had a mean daily range of 16.51°C (max range 22.27°C), with an 
absolute maximum temperature record of 39.05°C. 
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Figure 178.  Plot of temperature data for Site 18, Fish Hole, Homestead Creek, Trafalgar 

Station, Campaspe River catchment. 

 

Site 19 – Lake Powlathanga, Campaspe River catchment (Figure 179) 

This site is a large, mostly shallow, lake.  Loggers were deployed at the surface and a depth of 
0.8m depth).  The bottom logger had a mean daily range of 2.21°C (max daily range 3.33°C) 
whereas the surface logger had a mean daily range of 5.56°C (max daily range 8.50°C).  The 
maximum water temperature recorded at this site was 28.20°C for the bottom logger and 32.67°C 
for the surface logger.  Air temperature for this site was from a logger deployed directly at the site, 
which had a mean daily range of 15.61°C (max range 18.62°C), with an absolute maximum 
temperature record of 36.40°C.  The shortened air temperature record at this site is due to the 
logger and its support post being knocked over on the 14th November, presumably by cattle.  
This resulted in direct sun exposure for the sensor and data subsequent to that date were not 
included on the graph. 
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Figure 179.  Plot of temperature data for Site 19, Lake Powlathanga, Campaspe River 

catchment. 

 

Site 20 – Campus Creek, James Cook University, Townsville (Figure 180) 

Although small and relatively shallow, this site is representative of tens of thousands of similar 
small waterbodies across northern Australia, and both a surface and bottom (1m depth) logger 
were deployed at this site.  Both loggers followed a similar pattern, but the bottom logger had a 
more constrained daily range.  Water temperature at the bottom logger cycled over a daily mean 
range of 3.01°C (max 5.92°C) with an absolute maximum of 33.11°C.  Water temperature at the 
surface logger, cycled over a daily mean range of 6.26°C (max 8.58°C) with an absolute 
maximum of 36.50°C..  Air temperature was not recorded for this site. 
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Figure 180.  Plot of temperature data for Site 20, Campus Creek, James Cook University, 

Townsville. 

 

Site 21 – Idalia Lagoon, Ross River floodplain, Townsville (Figure 181) 

Although relatively shallow, both a surface and bottom (0.55m depth) logger were deployed at this 
site.  Both loggers followed a similar pattern, but the bottom logger had a slightly reduced daily 
range.  Water temperature at the bottom logger cycled over a daily mean range of 3.62°C (max 
6.21°C) with an absolute maximum of 31.87°C.  Water temperature at the surface logger cycled 
over a daily mean range of 4.91°C (max 6.39°C) with an absolute maximum of 34.84°C. 
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Figure 181.  Plot of temperature data for Site 21, Idalia Lagoon, Ross River floodplain, 

Townsville. 

 

5.3.5 EXPERIMENTAL DATA 

METHODS 

After extensively reviewing the relevant literature, we settled on the CTmax as the experimental 
method of choice and decided to adopt a protocol of increasing test water temperature from 28°C 
to a maximum of 45°C (if required) over a period of 1.5-2 hours test duration.  This is slightly 
slower than most literature studies.  The 28°C starting point was selected as it is a common 
average water temperature in northern Australia, and most waterbodies have maximums around 
29-31°C in summer (see data in preceding sections).  Fish used for testing were collected locally 
and were generally held at 28°C for 2 weeks before testing (although preliminary data revealed no 
difference in performance of fish acclimated for 1 versus 2 weeks).  A short holding (acclimating) 
time reduces staff effort on fish maintenance before each series of tests. 

We trialled various means of increasing test water temperature, including use of hot water baths, 
pumping hot water through tanks and conducting tests in constant temperature rooms.  The 
simplest and best method was to install thermo-mixing aquarium heaters on each test tank.  In all 
tests, this has provided a constant rate of temperature rise throughout the entire duration of the 
test.  Several trials were undertaken to determine the volume of water required for each heater to 
heat the test water at the required rate to keep each test between 1.5-2 hours duration.  This 
turned out to be a tank of 120-150 litres.  Each test tank also had a circulation pump that provided 
an evenly distributed thermal environment.  An example of the setup is provided in the below 
photo.   
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Fish to be tested were collected from our holding tanks and moved to the test tank the night 
before each test.  For each test, the rate of temperature rise was recorded and graphed to confirm 
a linear rate of temperature increase for each test. The behaviour of each fish was recorded as 
the test proceeds.  For each individual fish, the test ended at LOE (i.e., loss of equilibrium).  The 
temperature and the time since the start of the test, was recorded, fish were immediately 
removed, their total length measured and they were placed in a recovery tank with water of 31-
32°C.  Most fish, if retrieved in time, recovered from this physiological challenge.  Preliminary 
tests showed that fish removed from 37-40°C test water to tanks with 28°C water for recovery, 
fared poorly, but use of 31-32°C water in recovery tanks, which presumably involves less thermal 
shock, resulted in almost 100% recovery rates. 

Fish showed signs of agitation and unusual movements for some time prior to losing equilibrium, 
however, different observers judged this differently and it thus proved a variable and unreliable 
measure to use.  In contrast, there was no disagreement between observers of when a fish first 
lost equilibrium, and this therefore provided a precise and robust result, with low standard error.  
This method worked well on all fish species tested thus far, including Caridina shrimp, and 
Macrobrachium and Cherax decapod crustaceans.  Fish have to lose equilibrium entirely before 
being removed.  This generally happens quite suddenly which provides for little disagreement 
among observers as to the point when this has occurred.  As each test neared higher 
temperatures, three observers were present.  One observer netted test organisms when they lost 
equilibrium, one measured them and the other recorded the relevant data.  Using this method, up 
to 20 specimens could be used in each test. 

We also wished to test how varying acclimation procedures could affect test results.  To this end, 
we conducted 5 types of tests.  The idea was to explore variations in methods with the aim of 
recommending a suitable experimental approach for further more comprehensive testing.  The 
five approaches tested were: 
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1. Standard test where fish were acclimated at 28°C for 9-14 days minimum and then tested 
starting at that temperature.  This was our most common test procedure. 

2. Fish held at 28°C for only 3-6 days after capture from the wild.  This test thus compared a 
shorter acclimation period to a longer acclimation period. 

3. We maintained some test specimens in outdoor plastic ʻcattle troughsʼ whereby they were 
subject to natural diel variations in water temperature.  The water temperature in these 
troughs ranged from 26-34°C, but averaged 28°C.  We thus compared test specimens 
kept at a constant 28°C to those subject to varying temperatures around a mean of 28°C.  
It should be noted that the troughs could only be located outdoors, and due to their 
smaller water volume (< 500 litres), had their sides encased in reflective insulation, and 
shade cloth placed above them, to prevent excessive heating during the day, in order to 
maintain a 28°C average. 

4. We compared test specimens held at 20°C for at least 14 days to those held at 28°C for 
at least 14 days, before use in tests. 

5. We retested some individuals a second time in order to see if their performance in the 
subsequent tests was similar to their performance in their first test.  Tests were kept at 
least two weeks apart, allowing the fish time to recover fully. 

 

5.3.6 RESULTS 
Across 22 separate trials, a total of 383 individuals from 7 fish and 4 crustacean species were 
used in testing (Table 41).  The four species used most heavily in testing were barramundi, 
eastern rainbowfish, empire gudgeon and fly-specked hardyhead.  One of the fish species – 
spotted tilapia – is an exotic species, from Africa.  Across all species tested, the overall mean 
CTmax was 39.3°C, with a range from 33.5°C-41.8°C. 

 
Table 41.  List of species used in tolerance testing. 

Common Name Species 
Banded grunter Amniataba percoides 
Barramundi Lates calcarifer 
Eastern rainbowfish Melanotaenia splendida splendida 
Empire gudgeon Hypseleotris galii 
Fly-specked hardyhead Craterocephalus stercusmuscarum 
Sailfin glassfish Ambassis agrammus 
Spoted tilapia Tilapia mariae 
Macrobrachium Macrobrachium sp. 
Red Claw Cherax quadricarinatus 
Yabby Cherax sp. 
Shrimp Caridina sp. 

 

A summary of the results are shown in Table 42.  For this preliminary testing program, we trialled 
five different acclimation procedures.  Due to the strong effect of acclimation, valid comparisons 
can only be made within a particular acclimation protocol.  The most common acclimation protocol 
(AC1) was to hold test subjects at ~28C for approximately 2 weeks.  Under this protocol, 
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barramundi were the most tolerant, followed by the exotic spotted tilapia, eastern rainbowfish, fly-
specked hardyhead, empire gudgeon and redclaw crayfish. 

In a comparison of acclimation time, hardyheads held for 9-14 days at 27-28°C (AC1) were 
significantly more tolerant (39.8°C vs 37.8°C) than hardyheads held at 27°C for only 3-6 days 
(AC2) after capture from the wild. 

On the question of how a fluctuating diel temperature range with a mean of 28°C compares to 
being held at a constant 28°C for 2 weeks, a total of 5 comparisons are available.  For eastern 
rainbowfish, mean CTmax was almost identical (40.2°C vs 40.1°C).  There was also no significant 
difference (p<0.05) in the same comparison for empire gudgeons (39.9°C vs 39.5°C), hardyheads 
(38.8°C vs 39.6°C), small barramundi (41.2°C vs 41.1°C) and large barramundi (39.2°C vs 
39.9°C). 

On the question of comparing acclimation at 27-28°C (AC1) vs acclimation to 20°C (AC4), a total 
of 6 comparisons are available.  For all 6 comparisons, CTmax of the fish acclimated at 20°C 
(AC4) was significantly lower than those acclimated at 27-28°C (AC1) - eastern rainbowfish 
(40.1°C vs 37.3°C), empire gudgeon (39.4°C vs 37.4°C), hardyheads (39.6°C vs 36.8°C), small 
barramundi (41.1°C vs 38.4°C), medium barramundi (40.9°C vs 35.2°C) and large barramundi 
(39.9°C vs 35.5°C). 

 
Table 42.  Summary of experimental thermal tolerance tests completed to date. 

 

 

        Endpoint Temperature Statistics °C 

Common Name AC 
Size 

Range 
(mm) 

n Median Mean SD SE 95% 
CI Min Max 

Banded grunter 1 113 1 38.6 38.6       38.6 38.6 
Barramundi 1 64 - 86 15 41.1 41.1 0.4 0.1 0.2 40.3 41.6 
Barramundi 1 96 - 133 15 40.8 40.9 0.5 0.1 0.3 40.2 41.7 
Barramundi 1 278 - 344 13 39.9 39.9 0.3 0.1 0.2 39.5 40.3 
Barramundi 3 57 - 134 26 41.3 41.2 0.5 0.1 0.2 39.5 41.8 
Barramundi 3 267 - 315 6 39.1 39.2 0.5 0.2 0.7 38.6 39.8 
Barramundi 4 54 - 76 12 38.8 38.4 1.2 0.3 0.9 34.9 39.2 
Barramundi 4 99 - 132 12 35.6 35.2 0.9 0.3 0.7 33.5 36.1 
Barramundi 4 291 - 346 4 35.7 35.5 1.3 0.6 2.7 33.8 36.6 
Eastern rainbowfish 1 35 - 99 17 40.2 40.1 0.4 0.1 0.2 39.1 40.5 
Eastern rainbowfish 3 49 - 77 13 40.4 40.2 0.6 0.2 0.5 38.1 40.6 
Eastern rainbowfish 4 35 - 110 10 37.4 37.3 0.5 0.1 0.4 36.6 37.8 
Eastern rainbowfish 5 38 - 94 18 40.0 39.9 0.3 0.1 0.2 39.3 40.4 
Empire gudgeon 1 18 - 73 47 39.5 39.4 0.7 0.1 0.2 36.8 40.2 
Empire gudgeon 3 28 - 67 17 39.9 39.9 0.1 0.0 0.1 39.6 40.0 
Empire gudgeon 4 22 - 70 18 37.5 37.4 0.6 0.1 0.3 36.4 38.4 
Empire gudgeon 5 22 - 72 23 39.6 39.5 0.4 0.1 0.2 38.4 40.0 
Fly-specked hardyhead 1 18 - 57 24 39.8 39.6 0.5 0.1 0.3 38.4 40.2 
Fly-specked hardyhead 2 21 - 73 19 37.8 37.5 1.6 0.4 0.9 33.9 39.4 
Fly-specked hardyhead 3 32 - 36 3 39.4 38.8 1.4 0.8 5.1 37.2 39.9 
Fly-specked hardyhead 4 33 - 38 2 36.8 36.8 0.0 0.0 0.0 36.8 36.8 
Fly-specked hardyhead 5 18 - 34 9 38.8 38.6 0.6 0.2 0.5 37.4 39.2 
Sailfin glassfish 1 47 - 61 3 39.5 37.8 3.2 1.8 11.4 34.1 39.7 
Sailfin glassfish 5 40 - 47 3 39.8 39.8 0.6 0.3 2.1 39.2 40.4 
Tilapia 1 25 - 109 22 40.5 40.4 0.4 0.1 0.2 39.9 40.9 
Macrobrachium 1 33 - 80 11 38.6 38.7 0.4 0.1 0.3 37.9 39.4 
Macrobrachium 4 41 1 35.9 35.9       35.9 35.9 
Macrobrachium 5 71 1 37.9 37.9       37.9 37.9 
Red Claw 1 113 - 140 7 38.9 38.9 0.4 0.2 0.5 38.1 39.4 
Shrimp 1 23 1 40.3 40.3       40.3 40.3 
Shrimp 2 20 - 25 9 38.1 38.1 2.0 0.7 1.8 34.1 40.0 
Yabby 1 56 1 40.2 40.2       40.2 40.2 
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For examining the effects of retesting individuals that have previously been tested, comparisons 
are available for three species.  Unlike other comparisons, results here were mixed.  For eastern 
rainbowfish (40.1°C vs 39.9°C), and empire gudgeons (39.4°C vs 39.5°C), no significant 
difference was noted.  However, for hardyheads, the retested fish performed significantly poorer 
(39.6°C vs 38.6°C). 

We were also able to test for the effect of size on CTmax in barramundi.  The tested barramundi 
were divided into three size classes – termed small, medium and large (these size classes are in 
relative, not absolute, terms).  These size comparisons remain valid in three different acclimation 
scenarios (AC1, AC3 and AC4).  For each acclimation scenario, there is a general trend of 
smaller barramundi being more tolerant than larger barramundi.  This effect is more clearly seen 
in Figure 182. 

 

5.3.7 DISCUSSION AND CONCLUSIONS 
It is interesting that the CTmax of the species tested to date are quite similar, ranging from 37.8-
41.3°C, and that these results compare well with overseas studies where most fish species tested 
with this method, have CTmax values ranging from 37-42°C.  The standard errors of all species 
tested were very low, indicating that the LOE end-point utilised is readily definable and allows 
good concordance across tests. 

The first Australian fish tested using the CTmax method were spangled perch (Leiopotherapon 
unicolor) in Llewellyn (1973) and spangled perch and eastern rainbowfish in Beumer (1979).  Both 
studies used a very slow rate of temperature increase (1-1.5°C/day), with each test taking two 
weeks to complete, and fish were tested until they died.  This compares to most literature studies, 
which increase temperatures by several degrees per hour with tests lasting approx. 2 hours, and 
fish were revived when close to death.  
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Figure 182.  Pooled data grouped by acclimation code, error bars are 95% C.I.s (only shown for cases where n > 3). Species are coded using the 

first 3 letters of the common name. The numbers below the species code indicate the size range in mm. 
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Figure 183.  Pooled data grouped by species, error bars are 95% C.I.s (for n > 3 only). 
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Llewellyn (1973) found that spangled perch had a CTmax of 39°C (a LD50 result) but that all fish 
died by 40°C.  Despite the much slower rate of temperature increase used in his tests, this result 
is comparable to results we have achieved in our tests to date (most species having a CTmax of 
37-41°C).  Beumer (1979) however, found adult and juvenile spangled perch to have a CTmax of 
41.5°C and 34.5°C respectively.  For eastern rainbowfish, Beumer (1979) reported a CTmax of 
34.4°C and 31.4°C for adults and juveniles respectively.  This less than the result for spangled 
perch and for the results of the eastern rainbowfish we tested (see Table 39).  According to 
literature results, the slower the rate at which temperature rises in experimental tests, the higher 
the CTmax result that can be expected, because fish acclimate during the test itself.  However, in 
the studies of Llewellyn and Beumer, with each 1°C temperature rise taking one day, the long 
duration of exposure actually increases the likelihood of the fish dying at a lower temperature and 
this is what appears to have happened for eastern rainbowfish.  It is also worth noting that in our 
tests, the CTmax recorded for fly-specked hardyheads and eastern rainbowfish was 37-39°C 
when the temperature increased from 28-40 over approx. 2 hours.  However, we were unable to 
maintain stocks of these two species when we attempted to maintain them at a constant 33°C and 
38°C respectively (unpub. data).  Thus, we suspect that CTmax values for tests with very slow 
rates of temperature rise will actually be lower than under the current 2-hour rise protocol.  Under 
such a methodology, the differences in maximum tolerance between different fish species may be 
greater than under the current, faster and more commonly-used method.  It is imperative that 
experimental testing programs explore the role of different experimental procedures, as well as 
different acclimation periods and methods (egg, fixed versus fluctuating temperature). 

Patra et al. (2007) conducted CTmax tests on four fish species – three natives and one exotic 
(trout).  They acclimated their fish at 20°C, used LOE as the test end-point, and had a rate of 
temperature increase during the tests that ended each test after around 31 minutes on average, 
more than twice as fast as our tests.  They found the CTmax for Bidyanus bidyanus (silver perch), 
Melanotaenia duboulayi and Hypseleotris klunzingeri, to be 35.0, 38.0 and 36.1°C respectively.  
This is in general a lower CTmax than we found for the related Melanotaenia splendida (40.2°C) 
and Hypseleotris compressa (39.5°C).  However, our initial tests were conducted on fish 
acclimated to 28°C, whereas Patra et al. (2007) acclimated their fish at 20°C.  However, we also 
conducted CTmax tests on our Melanotaenia and Hypseleotris species after acclimating them at 
20°C (AC4 in our tests).  Under this more comparable acclimation procedure and not withstanding 
the differences in temperature increased during our tests, CTmax values were similar with 
Melanotaenia having a CTmax in our 20°C acclimation tests of 37.4°C, compared to 38.0°C in the 
tests of Patra et al. (2007).  Hypseleotris used by us had a CTmax of 37.5°C in our 20°C tests, 
compared to 36.1°C in Patra et al. (2007). 

A 2-week acclimation in the laboratory is considered standard for many types of experimental 
tests and we adopted this as our target acclimation period.  Initial trials that we conducted (data 
not shown here) demonstrated there was no difference in performance for fish held between 9 
and 14 days, so these fish were grouped for analysis here.  However, in the only comparison 
available for comparing holding fish for 9-14 days versus 3-6 days, the former had a significantly 
higher CTmax, confirming the benefits of longer laboratory acclimation, though the acclimation 
period can be as short as 9 days without affecting results. 

None of the 5 comparisons available found a significant difference in CTmax between acclimating 
to a fluctuating diel cycle of 26-34°C (mean of 28°C) and being held at a constant 28°C.  This is 
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fortunate as setting up and holding test stocks under a constant temperature is only a fraction of 
the staff effort required to maintain fish in a fluctuating system. 

It is not surprising that acclimating fish at 20°C significantly reduced CTmax in all 6 comparisons 
made, by between 2-5.7°C.  Such effects are well recorded in the literature. 

For two of the three fish species where individuals were retested a second time (with a 2-week 
gap between testing), there was no decline in CTmax (i.e., test performance).  This indicates that 
the test methodology does not result in subsequent injury or trauma that reduces fish 
performance, a good result for the ethics of conducting such tests. 

Of course, all fish tested thus far have CTMʼs well above stream temperatures that are typically 
found in Australian streams, although once again, it is worth remembering that most available 
datasets are biased towards larger volume, longer-flowing sites, which would be expected to have 
lower temperatures than smaller waterholes.  It is also worth remembering that it would only take 
1-2 hot days to seriously impact upon populations of sensitive species, thus affecting longer-term 
ecological outcomes.  Further field data, especially logger temperature data over the summer 
period in smaller waterhole sites, would provide more useful data for assessing how frequently 
fish and crustaceans are faced with water temperatures that approach or exceed their 
experimentally-derived CTmax.   

Currently, it remains difficult to put these results into a full risk context.  The available field 
temperature data are biased and despite the volume of data points available, the necessary long-
term diel data is limited.  We have only just begun collecting the necessary experimental data 
required to support field observations.  The CTmax method, whilst convenient and relatively 
standard, allowing for comparison across studies, is more of a relative than absolute indicator of 
temperature tolerance.  This method is also an indicator of acclimation ability, with changes in 
CTmax with different acclimation temperatures demonstrating a species ability to acclimate to 
temperature changes.  In natural settings, water temperature may rise quickly or slowly and may 
maintain high minimum levels and fluctuate considerably.  These variations need to be 
considered in any experimental program that aims to provide a realistic picture of field thermal 
tolerance.  Thus comparison of fluctuating temperature regimes with static acclimation, something 
we are currently working on, remains a priority for experimental testing as does accounting for 
variation in duration exposure by varying the rate at which temperature increases in tests.  

Logged water temperature data (every 15 minutes) was collected from 21 sites across north 
Queensland, providing a valuable dataset on water temperature and how it varies with air 
temperature.  Despite this data being collected during a hot and dry period of the year (October-
December), water temperatures only exceeded 36°C (briefly) at three sites and the highest 5-day 
mean was 31.72°C.  This is well below the acute thermal tolerances shown by the aquatic fauna 
in our experimental studies.  We are yet to produce any data from chronic exposure tests, though 
these are planned.  However, literature values for a few species suggest that these temperatures 
will not be lethal for most aquatic fauna species.  It should be remembered however, that data 
from the hotter mid-summer period are not yet included and also that we are currently in an La 
Nina period with more frequent rain and cloud cover compared to El Nino years, under which 
higher sustained temperatures could be expected. 
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5.4 A GENETIC ASSESSMENT OF POPULATION CONNECTIVITY 
IN FRESHWATER FISHES OF NORTHERN AUSTRALIA 

5.4.1 INTRODUCTION 
In the context of ecology, ʻconnectivityʼ is a broad concept that refers to the transmission of biotic 
(e.g. organisms, genetic material) and abiotic (e.g. matter, energy) elements of ecological 
systems throughout landscapes at multiple spatio-temporal scales (Ward and Stanford, 1995; 
Pringle, 2001).  The inverse of ecological connectivity (i.e. isolation) is also a fundamental 
process in determining patterns of biodiversity and ecosystem function (e.g. Macarthur and 
Wilson, 1963; Levins, 1969).  Ecological connectivity and isolation are thus complementary 
processes that determine the integrity, ecological functions and biodiversity of landscapes. 

Of relevance to the present study is ʻpopulation connectivityʼ within freshwater fish species; that 
is, the level of dispersal and genetic exchange among populations of freshwater species.  
Population connectivity, and its inverse (i.e. population isolation) influence important population 
processes, including effective population size (Frankel and Soule, 1981; Frankham et al., 2002), 
patterns of genetic variation among and within local populations (Wright, 1965; Slatkin, 1985) and 
the degree of independence of immigration, recruitment and recolonisation processes (Brown and 
Kodric-Brown, 1977; Lowe, 2003).  Although many species are naturally isolated across 
heterogeneous landscapes (Hanski and Gaggiotti, 2004), anthropogenic changes to landscape 
and hydrological connectivity have induced further reductions in population connectivity in some 
species (Pringle, 2001).  In contrast, there are many reported cases where anthropogenically-
enhanced population connectivity over catchment boundaries has had adverse effects on 
populations of freshwater species, including extinction by hybridisation (Hughes et al,. 2003).  

The structure of the stream and the dispersal traits of the species affect the rate and extent of 
dispersal and gene flow across riverine landscapes; thus, connectivity among populations is likely 
to be affected by the position of populations in the stream network (Hughes et al., 2009).  For 
example, hierarchically arranged river habitats, variability in hydrologic processes and steep 
stream gradients may limit population connectivity in obligate freshwater species, whereas 
patchily distributed slack water habitats along the course of a river and stream distance may limit 
population connectivity more subtly (Cook et al., 2011).  Species traits relevant to dispersal and 
population connectivity include, but are not limited to, the degree to which they must access the 
sea within their life cycle (i.e. diadromous migration; see Section 5.2); the extent to which 
migration occurs within freshwater systems during the life cycle (i.e. potamodromous migration by 
obligate freshwater fishes; see Section 5.2) and body size which may be related to longevity and 
dispersal potential.  Flow may also be an important determinant of connectivity in riverine species 
(Bunn and Arthington, 2002), and may provide cues for in-stream migration or dispersal from in-
channel residing habitat to floodplain feeding habitats (see Section 5.2). 

Northern Australia (defined from Kimberley eastwards to Burdekin River) includes 176 species of 
bony fish which account for 58% of Australiaʼs freshwater fish diversity (Pusey et al., 2011).  In a 
continental context the Australian freshwater fish fauna exhibits a decline in species richness with 
increasing latitude (Unmack, 2001) and species distributions in the northern fish fauna are 
generally more extensive than those in the south, with distributions that often span drainage 
divides.  The broad distribution of many freshwater fish of northern Australia may represent a 
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relictual pattern that is the consequence of recent historical subdivision of widespread species 
ranges due to altered sea levels during the Pleistocene (e.g. Cook and Hughes, 2010).  Broad 
species distributions in the north may also be due to the large proportion of diadromous species 
present (see Section 5.2).  Approximately 90 freshwater fish species in northern Australia require 
access to marine water (usually for reproduction) at some point in their life cycle (Pusey et al., 
2011).  For many of these species migration into marine habitats may act as a conduit for 
dispersal among otherwise disconnected freshwater systems as observed in Australiaʼs southern 
temperate diadromous fish (e.g. Schmidt et al., 2011). 

The purpose of this study was to: 

 

1. review models that define patterns of connectivity among populations of freshwater fish 
species relevant to Australia with emphasis on the northern Australian fauna; 

2. assess some of the landscape and life history factors that influence population 
connectivity by reanalysis of all available genetic studies on population-level genetic 
structure in Australian freshwater fishes, and; 

3. provide management recommendations for maintaining population connectivity based on 
an understanding of patterns of connectivity derived from genetic studies.  

 

5.4.2 GENETIC ESTIMATION OF POPULATION CONNECTIVITY 
The standard measure of gene flow or population connectivity derived from genetic data is 
Wrightʼs fixation index, FST (Wright 1965).  This indirect measure of gene flow based on variance 
in allele frequency is one of the most widely used descriptive statistics in population genetics.  
Alleles are variants of a gene and their frequency can be quantified at the population level using 
several standard laboratory approaches.  In practice, the types of gene region commonly assayed 
for estimating Wrightʼs FST include mitochondrial DNA (alleles distinguished by DNA sequence 
variation), microsatellite DNA (alleles distinguished by DNA fragment size) and allozymes (alleles 
distinguished by mobility of proteins in an electric field).  Wrightʼs FST can be defined as the 
proportion of variance in allele frequency that is among populations,  

 

p)-p(1
(p) var  FST =

 

 

The numerator in this formula represents the observed variance in frequency of an allele (p) 
measured in two or more populations, while the denominator represents the maximum variance 
associated with allele frequency p.  Wrightʼs FST (hereafter FST) is therefore expressed as a 
correlation coefficient which approaches zero when none of the variance is among populations 
(i.e. var(p) is low relative to total variation p(1-p) indicating high gene flow and connectivity among 
populations); and approaches one when the variance among populations is at its maximum 
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indicating low or absent gene flow and poor connectivity among populations.  In Wrightʼs (1965) 
island model, an equilibrium relationship exists between two biological parameters and FST.  
These parameters are population size (N) and migration rate among populations (m) and their 
relationship with FST is, 

 

4Nm  1
1  FST +

=
 

 

This formula shows that population connectivity measured from allele frequency variation in the 
form FST is proportional to the strength of migration (m).  In other words, when migration (or 
dispersal) among populations is high, FST is reduced towards zero and when the rate of migration 
is very low or absent FST approaches its maximum value of one.  As a rule of thumb, any FST 
value greater than 0.25 implies that less than one individual per generation moves between 
populations, i.e. very low connectivity.  Studies that use FST to examine patterns of population 
connectivity in freshwater fish (see Section 5.4.3) generally sample individuals from multiple 
populations and measure FST in a hierarchical fashion to determine whether allele frequency 
variation is partitioned within or between streams and subcatchments (Figure 184).  Additionally, 
values of FST between all pairs of populations in a study can be plotted against the corresponding 
geographical distance separating them along a stream network (Figure 184).  The resulting 
scatterplot can be used to infer how the structure and size of a stream network influences 
connectivity among its fish populations.  Not surprisingly there are several assumptions that 
underlie the theoretical relationship between FST and migration rate.  Three of the main ones are: 
1) that the gene region used to estimate allele frequencies is not affected by natural selection; 2) 
that the system is in equilibrium so that the measured variance in allele frequency is caused by a 
constant rate of migration over many generations and not due to other factors such as recent 
colonisation from a single source population or recurrent colonisation and extinction of 
subpopulations; 3) that the system fits an ʻisland modelʼ where the rate of migration is equal 
among all subpopulations.  All natural systems violate the second and third assumption to some 
extent although FST retains enormous value and popularity as a relative measure of population 
structure and for comparative estimates of gene flow and population connectivity (Neigel, 2002; 
Holsinger and Weir, 2009).  Measurement of FST provides the fundamental parameter on which 
models of population connectivity are constructed (Section 5.4.3) and the basis for understanding 
which life history and landscape factors contribute to connectivity in Australian freshwater fish 
(Section 5.4.4). 

 

5.4.3 THEORETICAL MODELS OF POPULATION CONNECTIVITY IN RIVERINE 
SYSTEMS 

Genetic approaches to assessing connectivity among populations of freshwater organisms have 
uncovered a suite of realised connectivity patterns (Hughes et al., 2009).  These have been 
synthesised into a number of ʻmodels of population connectivityʼ, which summarise the identified 
patterns (Figure 184).  Five models are treated here in relation to the freshwater fish fauna of 
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northern Australia.  These include a) Stream Hierarchy Model (SHM); b) Isolation by Stream 
Distance (IBD); c) Death Valley Model (DVM); d) Panmixia (PAN); e) Headwater Model (HWM).  
Each model is described below.  Model descriptions begin with an annotated list of north 
Australian freshwater fish that can be placed into the model based on available genetic data.  
These lists incorporate all relevant data that was available at the time of writing, but represent 
only a very small fraction of the freshwater fish fauna of northern Australia.  It should be noted 
that several of the models are scale dependent so that a single fish taxon may be represented 
under more than one model category if studies have examined genetic patterns of connectivity at 
different spatial scales.  For example, at the smallest spatial scale – among adjacent pools of a 
stream – populations may be classified under the model of panmixia, because dispersal and gene 
flow are high enough that genetic structuring is absent among these closely spaced populations.  
However, if the same species is analysed along the entire channel, populations may fit an 
isolation by distance model and likewise if the spatial scale is widened to the entire drainage 
network, the same species may be classified under the stream hierarchy model.  Hence, the scale 
of interpretation for population connectivity investigations is critical. 

 

 
Figure 184.  Models of population connectivity. 
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STREAM HIERARCHY MODEL (SHM). 

 

• Western Rainbowfish, Melanotaenia australis: in rivers of the east Kimberley, WA and NT 
(Phillips et al., 2009).   

• Northern trout gudgeon, Mogurnda mogurnda: within the Daly River, NT (Cook et al., 
2011). 

• Pacific blue-eye, Pseudomugil signifier: across its north eastern QLD range (McGlashan 
and Hughes, 2002).  

 

The SHM (Meffe and Vrijenhoek, 1988) predicts that in dendritic stream networks that are at least 
intermittently connected by surface streamflow, the degree of connectivity and gene flow varies 
depending on the spacing of populations within the hierarchical stream network structure (Hughes 
et al., 2009).  Specifically, connectivity is predicted to be higher among populations positioned 
within river basins than it is between basins.  Relatively unconstrained movement of organisms 
along branches of the stream network result in local populations being considerably less isolated 
than expected under the Death Valley Model.  The degree of isolation is expected to increase, 
however, as the stream distance separating localities increases; thus, the degree of isolation 
should follow a hierarchical pattern of genetic structure that reflects the nested arrangement of 
subcatchments within catchments within major basins (Figure 184).  The SHM is expected for 
organisms with dispersal-related traits that confine them to the water column (e.g. fish, shrimps, 
mussels) or to the stream corridor (e.g. aquatic insects that have only a short terrestrial adult 
phase and relatively poorly developed flight).  Several studies have shown that freshwater fish of 
northern Australia fit the SHM.  Western rainbowfish (Melanotaenia australis) show increasing 
levels of population structure (i.e. FST) with increasing spatial scale – from less than a kilometre in 
tributaries of the Chamberlain River to several hundreds of kilometres across adjacent rivers in 
the eastern Kimberleyʼs (Phillips et al., 2009).  McGlashan and Hughes (2002) demonstrated that 
the majority of total genetic variance within the Pacific blue-eye (Pseudomugil signifier), was 
explained at the among-drainage basin level and that additional genetic variance was partitioned 
significantly among hierarchically finer-scaled catchments and subcatchments within individual 
major drainages as predicted by the SHM.  Patterns of genetic variation within the northern trout 
gudgeon (Mogurnda mogurnda) in the Daly River were also found to fit the SHM, whereby sub-
catchments within the basin had larger and more strongly differentiated levels of FST than 
populations within each of the subcatchments (Cook et al., 2011). 

 

ISOLATION BY DISTANCE (IBD). 

 

• Sooty Grunter, Hephaestus fuliginosus: within the Daly River, NT (Jamandre et al., 
unpublished). 

• Barramundi, Lates calcarifer: across rivers of northern QLD and NT (Chenoweth et al., 
1998). 
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• Pacific blue-eye, Pseudomugil signifer: within both the Mulgrave-Russell river system and 
the Johnstone river, north QLD (McGlashan et al., 2001). 

• Eastern Rainbowfish, Melanotaenia splendida: within the Mitchell River, north QLD (Mills 
et al., unpublished). 

 

According to the IBD model, the degree of genetic divergence between populations (measured 
using FST) increases linearly with geographic distance separating populations (Figure 184).  The 
implication of IBD is that dispersal and gene flow occur primarily between adjacent populations in 
a stepping-stone fashion and do not occur between distantly separated populations.  The IBD 
concept is very similar to SHM, except that the branching order of the stream network does not 
impose any additional limitation on dispersal and gene flow above that of distance alone.  In 
practice, the biological and management implications of IBD and SHM are the same.  The 
potential for recolonisation after local extinction for species that fit SHM or IBD may be predicted 
by the distance separating the site from potential source populations.  Several studies that have 
focused on genetic structuring within single river systems of northern Australia have found that 
fish species fit the IBD model.  These include sooty grunter (Hephaestus fuliginosus) and eastern 
rainbowfish (Melanotaenia splendida) (Jamandre et al., unpublished; Mills et al., unpublished).  
The Pacific blue-eye (Pseudomugil signifer) fits the SHM when examined across drainage basins, 
but fits the IBD model within rivers (McGlashan et al., 2001).  This indicates that geographic 
distance imposes a very strong dispersal limitation on this species and movement between 
basins is unlikely to offer any replenishment for depleted local populations.  On the other hand, 
barramundi (Lates calcarifer) can move between basins due to tolerance of marine conditions and 
its catadromous life history, which involves reproduction in salt water.  Despite this migratory 
ability, a study by Chenoweth and Hughes (1998) showed that extensive between basin 
movements probably do not occur in barramundi as genetic data fitted an IBD model, indicating 
that limited stepping stone movement among adjacent rivers is more likely. 

 

PANMIXIA (PAN). 

 

• Roman Nose Goby, Awaous acritosus: across rivers spanning its entire range in north 
east QLD (Huey et al., unpublished). 

 

Panmixia refers to the case where high connectivity occurs among all populations within the study 
area.  Populations that fit this model exhibit very low levels of population genetic structure (i.e. low 
FST) among all sample sites and consequently there is no geographic pattern associated with this 
model (Figure 184).  In genetic terms, panmixia means that the parents of each individual have an 
equal probability of being derived from every subpopulation regardless of geographic proximity.  
Many fish species may satisfy this model when the focus is on fine spatial scales (e.g. within a 
reach or between adjacent pools).  However cases where species fit the panmixia model over 
large spatial scales are biologically significant with important management implications.  Life 
history attributes that may result in panmixia include diadromous migration.  Amphidromy is one 
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form of diadromous migration where juvenile stages migrate from freshwater to marine habitats 
for a period of growth before returning to freshwater to complete development and reproduce.  
The southern temperate Australian grayling (Prototroctes mareana) exhibits this life history 
strategy and has no population genetic structure across hundreds of kilometres of its range due to 
mixing of juvenile recruits in marine waters (Schmidt et al., 2011).  In northern Australia, the 
roman nose goby (Awaous acritosus) has a similar amphidromous life history and also shows an 
absence of population genetic structure across its range (Huey et al., unpublished).  Species with 
a catadromous life history (where reproduction occurs in marine habitats before migration into 
freshwater, see Section 5.2) might also be expected to exhibit an absence of population genetic 
structure due to adult migration through marine habitats.  However the only example of catadromy 
from northern Australia that has been studied so far - barramundi (Lates calcarifer) - does exhibit 
significant population genetic structure and cannot be classified as panmictic. 

 

DEATH VALLEY MODEL (DVM). 

 

• Cairns Rainbowfish, Cairnsichthys rombosomoides: within its narrow range in the wet 
tropics of north QLD (Thuesen et al., 2008).  

• Pennyfish, Denariusia bandata: across its disjunct range in NT and QLD (Cook and 
Hughes, 2010). 

• Spotted blue-eye, Pseudomugil gertrudae: across its disjunct range in NT and QLD (Cook 
et al., unpublished). 

• Purple-spotted gudgeon, Mogurnda adspersa: in the wet tropics of north QLD (Hurwood 
and Hughes, 1998). 

• Northern trout gudgeon, Mogurnda mogurnda: an isolated population in headwaters of the 
Daly River, NT (Cook et al., 2011). 

 

The Death Valley Model predicts strong among-population differences (i.e. high FST), with lack of 
any geographic pattern explaining this structure (Figure 184).  Species that inhabit desert springs 
would be obvious candidates to fit this model.  The DVM (Meffe and Vrijenhoek, 1988) was 
developed for pupfish in the dryland rivers of the Death Valley, USA.  This model describes the 
geographic case in which remnant populations of a species with no capacity for terrestrial 
movement are found in small, isolated habitats with no current hydrological connection, such as 
among long-term refugial freshwater habitats in desert settings.  Population genetic patterns for 
the Australian river prawn, Macrobrachium australiense (Palamonidae) in the Lake Eyre Basin, 
were found to fit the DVM, whereby populations were strongly isolated among dryland rivers 
flowing into Lake Eyre (Cook et al., 2002).  In northern Australia, and at large spatial scales (i.e. 
among-basin scales), many species of freshwater fish have disjunct distributions (Unmack, 2001), 
suggesting that these populations are relicts of a former widespread and connected population in 
the past.  Strong isolation among the disjunct populations and small population size give these 
populations similar patterns as explained in the DVM.  For example, both the spotted blue eye, 
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(Pseudomugil gertrudae), and pennyfish (Denariusa bandata) have strong genetic differentiation 
among relict populations (Cook et al., in prep, Cook and Hughes, 2010).  Similarly, for more 
continuously distributed riverine species, at among-basin scales, genetic exchange among 
populations is unlikely, especially in regions where rivers are confined within bedrock geology, 
such as throughout much of the Kimberley region (Cook et al., in press).  However, even in 
regions where rivers have been recently connected in the late Pleistocene, such as in the Gulf of 
Carpentaria, populations have molecular signatures of relatively long-term isolation (Huey et al., 
2010, Cook et al., in prep). 

It is interesting to note that Australiaʼs most widely distributed freshwater fish, spangled perch 
(Leiopotherapon unicolor) which is generally regarded to have excellent dispersal abilities 
(Bostock et al., 2006) does fit the DVM within at least some parts of its distribution.  Within the 
central Australian part of this species range, populations occur in desert springs and waterholes 
of the Lake Eyre basin that are rarely connected.  Reanalysis of allozyme data presented by 
Bostock et al., (2006) for the present study (Section 5.4.4) showed that L. unicolor does fit the 
DVM in this part of its range with very large FST values of 0.35 among three sites (Dalhousie 
Springs, Mawson Plateau and Coongie Lake, Mark Adams, South Australian Museum pers. 
Comm.). 

 

HEADWATER MODEL 

 

• Fly-specked hardyhead, Craterocephalus stercusmuscarum: north QLD wet tropics 
(McGlashan and Hughes, 2000). 

• Eastern Rainbowfish, Melanotaenia splendida north QLD wet tropics (Hurwood and 
Hughes, 2001). 

• Purple-spotted gudgeon, Mogurnda adspersa: in the wet tropics of north QLD (Hurwood 
and Hughes, 1998). 

 

Headwaters are the smallest and uppermost branches of stream networks, often containing 
species that are restricted to these habitats (e.g. Lowe & Likens, 2005).  The headwater model of 
spatial genetic structure was developed for headwater specialist species with a limited (but not 
absent) capacity for terrestrial among-stream dispersal.  It predicts significant genetic structure 
among streams within localised geographic areas containing a relatively high density of 
headwater streams (e.g. a series of streams draining a single mountain top) (Figure 184).  While 
the HWM is most relevant to aquatic invertebrates that can crawl or fly across headwater 
drainage divides, this model can also be used to accommodate fish species that are highly 
structured in upland headwater streams and have experienced translocation across headwater 
divides due to drainage rearrangement (e.g. stream capture due to erosion or other geological 
activity (Hughes et al., 2009).  Several species of small freshwater fishes in Australiaʼs wet tropics 
have high levels of population genetic structure (i.e. FST) among closely spaced populations that 
are incongruous with stream network structure (e.g. fly-specked hardyhead, eastern rainbowfish 
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and purple-spotted gudgeon).  Itʼs likely that historical rearrangement of drainage lines is the 
common explanation for these patterns in this mountainous region of north eastern Queensland.   

 

5.4.4 META-ANALYSIS OF FACTORS INFLUENCING POPULATION GENETIC 
STRUCTURE OF AUSTRALIAN FRESHWATER FISHES 

Since modern molecular laboratory methods became established in the 1990ʼs, there have been 
an increasing number of studies investigating connectivity among Australian freshwater fish 
populations using an FST approach.  Here, we perform a preliminary meta-analysis of these 
studies to examine whether several variables associated with landscape features and life history 
may be useful to predict variation in population connectivity as estimated using the ʻclassical 
geneticʼ FST approach.  Because the number of available studies is not yet sufficient to treat the 
northern Australian fauna in isolation, we analyse data available for all Australian fish and include 
latitude as an independent variable to determine whether any distinction exists in patterns of 
connectivity for Australiaʼs northern and southern freshwater fish faunaʼs. 

 

LITERATURE SEARCH AND STATISTICAL ANALYSIS METHODS. 

An extensive search was conducted using Web of Science (http://apps.isiknowledge.com) for 
studies reporting FST values in Australian freshwater fish.  Additional data was included from 
unpublished postgraduate projects in the Hughes lab at Griffith University.  Some papers were 
included which did not report FST directly but did include sufficient information (e.g. allele 
frequencies or heterozygosity tables) for us to perform the calculation.  In some cases only a 
subset of data reported in a paper was used because of low sample sizes (minimum sample size 
per population was set at 10).  Where data was available for a single species from separate 
drainage basins or from distinct biogeographic regions, we incorporated data from within each 
region into the analysis separately because our aim was to investigate connectivity among 
populations within and between rivers on a small spatial scale rather than between historically 
isolated regions.  We included data that used mitochondrial DNA (mtDNA), microsatellites or 
allozyme markers to estimate FST for freshwater fish populations.  We used data from a single 
marker type per study when more than one was reported, with microsatellite or allozyme 
estimates preferred over mtDNA.  The maternal mode of inheritance and smaller effective size of 
mtDNA means that FST estimates are higher relative to those obtained from biparentally inherited 
markers (allozymes and microsatellites).  Therefore, a correction was required to transform FST 
estimates based on mtDNA to the equivalent value for biparentally inherited markers (Crochet, 
2000).  For each study we also recorded data on sample size, number of genetic loci assayed, 
size of the study area (maximum distance between surveyed sites measured by stream distance 
and coastline for diadromous species), approximate latitude at centre of study area, whether sites 
were connected by traversable habitat (i.e. river connection for freshwater species and marine 
connection for diadromous species), the elevation of the study area and maximum body length of 
the fish species (Table 43). 
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Table 43.  Independent variables used in meta-analysis. 
Variable (scale) Abbreviation Details 
Connectivity (categorical) CONN Whether study sites were connected by 

habitat that was traversable by the study 
species. Two categories, connected (C), 
disconnected (D). 

Elevation (categorical) ELEV Two categories, upland (U, above 200m); 
lowland (L, below 200m). 

Body length (continuous) SIZE Maximum body length of species in 
centimetres. Log-transformed. Data from 
Allen et al. 2002. 

Latitude (continuous) LAT Distance from equator to centre of study 
area in kilometres.  

Study Area (continuous) DIST Maximum single dimension of study area 
measured via waterway distance in 
kilometres. Log-transformed. 

Diadromy (categorical) LIFE Two categories, freshwater (F) for obligate 
freshwater species and marine (M) for 
diadromous species that included both 
catadromous and amphidromous species. 

 

To improve normality of the response variable (FST), we used a modified logit transformation, so 
the response variable used for analysis was log((FST + 0.01)/(1 – (FST + 0.01)). 

We used multiple regression to calculate a full model explaining variation in the response variable 
(FST) as a function of all independent variables (see Table 43).  Then, backwards stepwise 
regression was used to sequentially remove independent variables from the model in order to 
locate the simplest model explaining most variation in FST by minimising Akaikeʼs Information 
Criterion (AIC).  Next we used a similar stepwise approach to locate the best model for FST in an 
Analysis of Covariance (ANCOVA) framework that incorporated interactions between two of the 
important variables identified in the multiple regression (connectivity and elevation) and treated 
body size and study area as covariates.  Statistical analyses were performed using the R package 
of programs (R version 2.13.1, R Development Core Team 2011).  

 

FST META-ANALYSIS RESULTS. 

A total of 69 independent FST estimates were obtained for 51 Australian freshwater fish species 
(Appendix Section 8.2).  Twenty-two estimates were derived from allozyme data, 41 from 
microsatellites and 55 from mtDNA (many studies included both mitochondrial data and either 
allozymes or microsatellite DNA).  The allozyme and microsatellite DNA studies used an average 
of eight independent loci, nine sample sites and 223 individual fish per study.  The mitochondrial 
estimates were based on an average of 10 sample sites and 128 individual fish per study.  Overall 
FST values range widely for Australian freshwater fish.  The minimum value of zero was found in 
several species that are diadromous and/or inhabit estuaries during part of their life cycle (e.g. 
Prototroctes mareana, Galaxias brevipennis, Hypseleotris compressa).  Connectivity among 
freshwater populations of these species therefore appears to be high owing to an ability to move 
through marine habitat during the life cycle.  Several species were found with FST estimates above 
0.25 indicating that connectivity among populations is restricted to less than one migrant per 
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generation on average (e.g. Mogurnda adspersa, Nannoperca obscura, Craterocephalus 
amniculus, Maquaria australasica).  Connectivity appears to be severely limited in these species.  

Multiple regression analyses found that all of the independent variables made an important 
contribution to explaining variation in FST except for latitude (Table 44).  Populations connected by 
traversable habitat have a significantly lower FST (therefore greater genetic connectivity) than 
populations that are disconnected (P < 0.0001).  Populations that occur in elevated areas (> 200 
m.a.s.l) have significantly higher FST (therefore lower connectivity) than populations in lowland 
areas (P < 0.05).  Fish species with smaller body size tend to have higher FST values and 
therefore lower population connectivity (P < 0.01).  Studies that were conducted over a larger 
geographic area tended to produce higher FST values (P < 0.01) indicating that connectivity 
declines with geographic distance.  Interestingly, the effect of life history (i.e. diadromous vs 
freshwater) was highly significant (P < 0.0001) but this categorisation was correlated with two 
other factors (CONN and ELEV) because most diadromous species were classed as connected 
and lowland in these treatments.  In summary, this analysis revealed that 1) we should expect to 
observe relatively high population connectivity for fish species where sampling sites are linked by 
traversable habitat; 2) relatively high population connectivity among sites that occur in lowland 
areas (< 200 m.a.s.l); and 3) relatively high population connectivity for species with large body 
size.  In addition we should expect to see a reduction in connectivity as distance between 
sampling sites increases.  This analysis did not reveal any effect of latitude, therefore the factors 
that influence population connectivity may be common to both the tropical northern and southern 
temperate Australian freshwater fish faunas.  

 
Table 44.  Multiple regression using FST of Australian freshwater fish as response variable. 

Model 
name 

Model parameters  
(see Table 1 for parameter details) 

Variance 
explained by 
model (%) 

AIC 

Full model LIFE + LAT + SIZE + CONN + ELEV + DIST 58 17.28 
Selected 
model 

LIFE + SIZE + CONN + ELEV + DIST 57.6 15.92 

 

Analysis of covariance was used to investigate the interaction between two factors that were 
significantly related to FST when examined separately.  The interaction between connectivity 
(CONN) and elevation (ELEV) was not significant (Table 45) indicating that populations linked by 
traversable habitat produced lower FST values regardless of whether they were in upland or 
lowland elevations.  The covariates body size (SIZE) and size of study area (DIST) were both 
significant.  As explained above for the multiple regression analysis, this means that the effects of 
increasing spatial distance between sample sites and smaller body size both tend to increase FST 
in addition to the effects of habitat connectivity and elevation. 
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Table 45.   Analysis of covariance for the effect of connectivity and elevation on FST of 
Australian freshwater fish with body size and size of study area as covariates.  

Factor Degrees 
of 
freedom 

Sum of 
Squares 

F value     Pr(>F)     

CONN 1 57.08 46.55 4.058 x 10-9 
ELEV 1 15.41 12.57 0.0007 
logDIST 1 7.64 6.23 0.015 
logSIZE 1 11.36 9.27 0.003 
CONN x ELEV   1 3.58 2.92 0.092 
Residuals 63 77.24   

 

CONCLUSIONS, MANAGEMENT RECOMMENDATIONS AND KNOWLEDGE GAPS 

Over the past decade, the above described theoretical population models, especially the Stream 
Hierarchy Model, have commonly been used to examine spatial genetic patterns in obligate 
freshwater species at both within and among river basin scales (see review by Hughes et al., 
2009).  In most cases, where genetic data are available, it is possible to categorise a species 
under one of these models as shown in Section 5.4.3.  However, genetic data are available for 
only a small fraction of the northern Australian freshwater fish fauna.  Until more data become 
available it may be necessary to infer levels of connectivity based on knowledge of how life 
history and landscape features influence genetic structuring of populations as demonstrated in 
Section 5.4.4.  

If a species in a particular system fits the SHM then managers can assume that populations from 
streams in the same sub-catchment are more connected than populations in streams from 
different sub-catchments and that populations in the same catchment are more connected than 
those in different catchments.  From this, managers can assume that any management actions 
applied in one section of a stream would be likely to have the most impact on populations in that 
stream, but less impacts on streams in other sub-catchments and even less on populations in 
different catchments.  Alternatively, managers can assume that any local extinctions will likely be 
recolonised from populations in streams in the same sub-catchment. 

The implications of the isolation by distance model are similar to those of the Stream Hierarchy 
model, in that management actions in any one population will affect nearby populations more than 
distant populations and any local extinctions are likely to be recolonised from nearby populations.  
The likelihood of this happening can be predicted to some extent from the FST value, which can be 
used to infer the mean number of migrants between populations per generation. 

If a species fits the model of panmixia, then any management actions in one stream will affect all 
populations roughly equally and any localised extinctions will be naturally recolonised from 
elsewhere.  In order to manage these populations successfully, it will be necessary to ensure that 
a subset of them are preserved at any one time.  A large component of the northern Australian 
freshwater fish fauna is diadromous with approximately 90 species requiring access to marine 
water (Pusey et al., 2011).  Very few of these species have been the subject of genetic analysis 
but it is likely that many of these taxa are panmictic.  Management of these species must ensure 
migratory access is maintained between freshwater and marine habitats to ensure reproduction is 
not impeded.   
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If a species fits the Death Valley Model, then each population is isolated from all others, and 
therefore any management of one population will have no impact on other populations.  Similarly, 
any local extinctions will probably be final.  In order to preserve all the genetic diversity, all 
populations will need to be preserved.  It may be possible to prioritise the ʻvalueʼ of isolated 
subpopulations using additional criteria such as population size, effective population size (an idea 
of the number of males and females contributing to each generation), degree of genetic 
uniqueness or other biological and environmental variables. 

If a species fits the Headwater model, then populations in the headwaters of streams are likely to 
be more connected to those in the headwaters of streams on the opposite side of the drainage 
boundary than to streams in the same sub-catchment, especially if the streams coalesce outside 
the headwater habitat.  This means that any local extinctions will only be recolonised from across 
the divide, and if there are no populations across the divide, then recolonisation will not occur and 
the extinction will be final. It also means that any management actions on populations in the 
headwaters are also likely to affect populations in the opposite drainage.  This rather contradicts 
many management priorities of looking at the catchment as the unit of management. 

Overall, the life history and landscape factors we have been able to assess do not affect northern 
Australian fish populations differently to those of southern Australia.  Latitude does not explain 
variation in population structure (i.e. FST).  Although this study utilised all information available at 
the time of writing, only 69 estimates of population structure were compiled for all of Australia.  
With the addition of more studies in future a more detailed appraisal of population structure may 
be possible for the northern Australian fish fauna. One clear finding that is unlikely to change with 
more data is the importance of linkages of traversable habitat for population connectivity.  Many 
nominal species have physically disconnected populations across their geographic range and this 
fragmentation has the highest explanatory power in our assessment of genetic population 
structure.  Additionally, populations in upland areas tend to have greater population structure and 
lower connectivity relative to lowland areas.  Recent studies have suggested that elevation per se 
is not the driver of spatial genetic patterns in upland habitats but that stream gradient is the 
important factor as gradients represent a barrier to movement ( see Section 5.2; Lowe et al., 
2006; Craw and Waters, 2007; Cook et al., 2011).  Future studies are required to investigate 
whether stream gradients are responsible for reduced connectivity among freshwater fish 
populations as this cannot be determined from currently available datasets.  

 

5.5 TIMING AND RATES OF RISE AND FALL OF SURFACE 
WATER FLOWS AND GROUND WATER LEVELS 

5.5.1 BACKGROUND 
Northern Australia exhibits a variety of surface water hydrological regimes including ephemeral 
and perennial flow types (Kennard et al., 2010).  Flow regimes tend to be highly variable between 
years and show distinct seasonal flow patterns, with most flow occurring over only few months of 
the year during the wet-season (Lewis, 2008; Warfe et al., 2011).  The ecology of northern 
Australian rivers are strongly linked to the wet-dry cycles (Warfe et al., 2011).  While strong 
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ecological links to wet and dry season flows, and flows during the transitions between seasons 
have been described (Warfe et al., 2011), the importance of the timing and rate of rise and fall 
(RRF) in flows is poorly understood.   

Groundwater is also a significant hydrological feature of northern Australian aquatic ecosystems.  
Groundwater maintains dry-season baseflow in perennial rivers such as the Daly River (NT) and 
permanent refuges on floodplains and river channels of ephemeral systems (e.g. the Fitzroy 
River, WA) throughout the dry season.  These refuges support a diversity of water dependent 
communities and biota both directly (i.e. subsurface ecosystems including stygofauna) and 
indirectly (i.e. riparian vegetation) (McJannet et al., 2009; Tomlinson and Boulton, 2008; 
Lamontagne et al., 2005).  Groundwater levels play an important role in determining species 
composition and persistence; alterations in groundwater levels result in loss of species and/or 
changes in assemblage structure (Froend et al., 2004).  The timely annual recharge and 
discharge of groundwater is understood to be critical for ecosystem survival through the late dry-
season when surface water recharge from precipitation is minimal.  Groundwater recharge rates 
are however complex and variable; dependent on soil type, vegetation and water body structure, 
with their roles as ecological triggers in northern Australia largely unknown (CSIRO, 2009).  

At present, low population densities and their associated demands for water (e.g. Woinarski et al., 
2007) means that most rivers in northern Australia have largely unmodified flow regimes 
(Kennard, 2010; Warfe et al., 2011).  Across the region a general lack of quantitative relationships 
between flow and ecological parameters means the consequences of flow changes on 
ecosystems are unclear (McJannet et al., 2009).  Some predictions have been made for some 
catchments (e.g. NASY) suggesting that climate change may reduce the river flow and increase 
the variability and severity of flood and drought events (NLAW Review, p. 9; see also Chapter 
Three).  Impacts of future development on surface water and groundwater regimes also remain 
poorly documented, although extensive knowledge on the impact of flow regulation, water 
extraction and land use change from other areas of Australia allow for predictions of possible 
impacts in the context of northern Australian aquatic systems.  There remains limited information 
on the potential impacts of climate change and development on the timing and RRF of flows in 
most systems across northern Australia, with the exception a few highly regulated systems such 
as the Ord River in Western Australia (Trayler et al., 2003; Braimbridge and Malseed, 2007).  In 
addition to this previous work, hydrological impacts of climate change and development scenarios 
have been assessed as part of this project, and these results are described in Chapter Three. 

In the following sections, we review current knowledge on 1) the ecological importance and 2) the 
impacts of climate change and development on the timing and RRF in flow rates and ground 
water levels.  For the purposes of this review, we have considered the ʻtimingʼ of hydrological 
events in a number of ways and at a number of temporal scales.  We assume issues associated 
with ʻtimingʼ generally refer to the temporal occurrence of some change in hydrological condition. 
This may include discrete flow events, for example flow pulses during the dry-wet transition, or it 
may be associated with the seasonality of flows, for example the dry-season.  In addition, the 
ʻtimingʼ of hydrological conditions also encompasses a variety of temporal characteristics.  Most 
obvious is the timing of onset (of some hydrological change), for example, the timing of break of 
season flows or the onset of cease to flow events.  In this review we have also considered 
duration and frequency of hydrological events as critical aspects of timing.  Conceptual models for 
the ecological importance and the likely impacts of climate change and development on each for 
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these hydrological components are also developed and described.  Considering the limited 
knowledge available on these particular linkages in northern Australian systems, this review 
draws evidence and examples from variety of both tropical and temperate aquatic systems. 

 

5.5.2 ECOLOGICAL IMPORTANCE 
The timing and RRF of surface water flow and groundwater levels may directly influence water 
dependent biota by providing, for example, ecological triggers for reproductive migrations and 
spawning cues.  Indirect effects may also include the influence of these flow components on 
physical habitat, water quality, habitat connectivity and resource availability (Bunn and Arthington, 
2002) (Figure 185). 

In the following sections we provide evidence for and examples of the ecological importance of 
flow timing and RRF for both surface water flows and groundwater levels. 

 

SURFACE WATER 

Timing of surface water 

Biological dependence 

Flow timing influences life history strategies (e.g. migration and reproduction) of many aquatic 
species.  Often, the timing of flows is strongly associated with other environmental conditions, 
which may change commensurably with flow, such as water temperature and day-length.  The 
interaction between flows and other environmental parameters or conditions is likely to represent 
important ecological triggers (Bunn and Arthington, 2002).  Reproduction and recruitment of many 
fish species are initiated by seasonal flow (Humphries et al., 2002).  In tropical river systems, fish 
spawning can be initiated by annual flood events of long duration (Welcomme, 1985 in 
Humphries, 2002), whereas in temperate river systems spawning can be triggered by rapid but 
short-lived rises of flow (Humphries et al., 2002; Cambray et al., 1997; King et al., 1998).  For 
example recruitment of the Colorado River squawfish and Clanwilliam yellowfish is determined by 
the timing of rising flow (Nesler et al., 1988; King et al., 1998 in Bunn and Arthington, 2002).  It 
has been shown that peaks throughout baseflow function as spawning cues for Colorado 
squawfish in Yampa River (Nesler et al., 1988). 

Flow timing is also important for other water dependent species.  The nesting success and dry 
season survival of Magpie geese across tropical Australian floodplains is correlated to wet season 
rainfall and peak floods (Bayliss and Yeomans, 1990; Whitehead and Saalfeld, 2000; Bayliss et 
al., 2008 in Warfe, 2011).  Early wet-season rainfall impacts on the growth of floodplain 
macrophytes such as wild rice, which provides a food source for hatchlings, and water chestnut, 
which provides an essential habitat for nesting sites (during wet season) and a food source for 
adults and fledglings (during drawdown phase) (Bayliss and Yeomans, 1990; Bayliss, unpub. data 
in Warfe et al., 2011). 
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A) Surface water 

 

B) Groundwater 

 
Figure 185.  Conceptual eco-hydrological links (solid arrows direct, broken arrows 

indirect) of timing and rates of rise and fall for A) surface water flows and B) ground water 
levels.   

 

Commercial catch rates of crustacean and finfish fisheries in estuarine and near shore 
environments are related to both timing and magnitude of flow.  For example, in the Fitzroy River 
(WA), wet season flows determine the suitability of nursery habitats and therefore the recruitment 
success of barramundi and king threadfin (through increased survival of early life stages) 
(Staunton-Smith et al., 2004).  While this is undoubtedly associated with the magnitude of the wet-
season flows, the timing of these flows, particularly the onset timing and duration are presumably 
also important characteristics.  Similar associations with wet-season flows have been described 
for catch rates of mud crabs, school and banana prawns, brown shrimp, sharks, flat head, 
grunter, mackerels, Australian bass (Loneragan and Bunn, 1999; Vance et al., 1985; Stables and 
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Vance, 1986; Vance et al., 1998; Powell, 2002; Growns and James, 2005 in Meynecke et al., 
2006).  Higher catch rates may be due to greater nutrient availability and primary productivity 
improving survival and growth.  Additionally, increased habitat suitability (salinity) as well as 
stimulated emigration of juveniles and downstream movement of species into the estuary may 
have contributed to higher catch rates (Loneragan and Bunn, 1999).  

Alterations in species abundance and distribution caused by increased wet-season freshwater 
inflow have an important effect on both the composition of communities and food webs.  In 
addition to greater nursery habitat suitability described above, higher numbers of barramundi and 
king threadfin in the Fitzroy River estuary is also attributed to greater abundance of prey (Halliday 
et al., 2008).  The increased survival and condition of the aquatic filesnake in DjaDja billabong 
(Australian wet-dry tropics) in years of higher late wet-season rainfall is believed to be caused by 
prolonged inundation of the floodplain and the correlated increased availability of prey (Shine et 
al., 2000), for example catfish, which is also positively correlated to increased inundation (Madsen 
and Shine, 2000 in Warfe et al., 2011). 

 

Physical habitat, habitat connectivity and water quality  

Flow timing influences the physical and chemical characteristics of surface water habitats.  This in 
turn can influence other components of aquatic ecosystems with cascading effects.  For example, 
unnatural perennial flows in the lower reaches of the Ord River (due to irrigation flows, see also 
Section 5.8) have resulted in reduced salinity concentrations during the dry-season and 
subsequent reductions in primary production (Burford et al., 2001 in Warfe et al., 2011).  This has 
limited the breeding and growth of banana prawns (Kenyon et al., 2004 in Warfe 2011, NLAW 
Review, p. 24).  

Habitat connectivity is an important ecological feature in both perennial and ephemeral systems 
(see Section 5.2).  Connectivity between the river and its floodplain provide suitable conditions for 
a variety of important ecological processes including movement, reproduction and recruitment of 
biota (Lowe-McConnell, 1985; Welcomme, 1985).  The timing of large flow events, including their 
duration, such that they occur simultaneously with other suitable environmental conditions 
(temperature, day length, etc) to allow for these processes is critical (Bunn and Arthington, 2002).  
In northern Australia, river-floodplain connectivity may occur for extended periods (e.g. the Daly 
River, months) or remain only for days to week (e.g. Fitzroy River).  Recent research (Jardine et 
al. 2011a; b) suggests that ecosystem function in northern Australian rivers is strongly driven by 
the wet-dry cycle, with river floodplain connectivity playing varying roles depending on the 
duration (and extent of inundation; see also Chapter Three).  The duration of floodplain inundation 
is determined by the timing of the wet-dry cycle. 

In ephemeral catchments, the temporal dynamics of lateral and longitudinal habitat connectivity 
are critical.  In addition to the issues of lateral (river-floodplain) connectivity described above, 
ephemeral systems are also influenced by the degree of longitudinal connectivity, i.e. connectivity 
between disconnected river pools.  River flows associated with the dry-wet transition are 
particularly important for habitat connectivity within ephemeral systems. Permanent river pools 
provide the only refuge for biota throughout the dry season (Bunn et al., 2006; NASY, p. 9, NLAW 
Review, p.12).  As the dry season progresses, physicochemical conditions (temperature, 
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dissolved oxygen, etc.) deteriorate and the availability of food and shelter decline (Kushlan, 1976; 
Lowe-McConnell, 1985; Woodland and Ward, 1990, Damien Burrows, pers. comm.).  Flows 
associated with the first wet season rains alleviate stressful conditions that prevail in disconnected 
refuges by the end of the dry season.  However, the first flushes are often of poor quality, 
containing high concentrations of organic material, suspended particulate matter and 
contaminants, known to create potentially fatal conditions (e. g. fish kills) (Townsend et al., 1992; 
Townsend and Edwards, 2003; Butler, 2008; Hart and Mc Kelvie, 1986 in Warfe, 2011). 
Therefore, the timing of the follow up flush is critical to replenish floodplain water holes and re-
establish adequate water quality to sustain aquatic biota. 

 

Rates of rise and fall 

Biological dependence 

Although limited information is available on the biological importance of RRF in northern 
Australian aquatic ecosystems, RRF are known to impact directly on the life history strategies of a 
wide range of organisms including benthic microorganisms, plankton and fish.  It has been shown 
for numerous fish species that the intensity of stream flow triggers reproduction.  Numerous sub-
tropical and tropical fish species (Humphries and Lake, 2000; Arthington and Pullar, 1990; Pusey 
and others, 2001 in Bunn and Arthington 2002) and freshwater turtles (Cann, 1998) reproduce in 
times of low and stable base flow to avoid flushing or stranding of recruits (see Bunn and 
Arthington, 2002).  Spawning of species such as Coho Salmon in south-eastern Alaska is 
triggered by increasing rates of rise of flow (Lowe-McConnell, 1985; Naiman et al., 2002).  The 
timing of rising flow may trigger the recruitment of the Colorado River squawfish in the Yampa 
River and the Clanwilliam yellowfish in South Africa (Nesler et al., 1988 and King et al., 1998 in 
Bunn and Arthington, 2002). 

Alteration to natural RRF through regulation of water releases is thought to create suboptimal 
habitat conditions for spawning and fish larvae (King et al., 1998, Humphries et al., 2002) and the 
sustainability of macroinvertebrates communities (Sagar, 1986; Cobb and Flannagan, 1990).  For 
example, rapid rates of rise may displace biota downstream if the change in velocities exceed 
either the swimming abilities or compromise benthic attachment of sessile biota (aquatic plants, 
mussels, macroinvertebrates) (De Jalon et al., 1994).  Munn and Brusven (1991) also showed 
macroinvertebrates were vulnerable to rapid diurnal changes in flow.  Intensified rates of fall of 
water flow can cause stranding or trapping of fish in particular larvae and juveniles (Bradford, 
1997 in Bunn and Arthington, 2002). 

Possibly of greater importance is the expected biological response to reduced RRF.  Aspects of 
modified flow regimes, including seasonal stability, reduced magnitude and velocity and increased 
permanence has been shown to favour exotic (and non-endemic species such as carp, 
mosquitofish, Tilapia and Typha (see Pusey et al., 1989; Faragher and Harris, 1994; Arthington 
and Bluhdorn, 1994; Walker et al., 1998).  Prolonged inundation and reduced disturbance 
associated with reductions in RRF can reduce the number of native aquatic species and 
increases the occurrence of invasive species (Brock and Casanova, 1991 in Kingsford 2000, 
Bunn and Arthington, 2002).  It allows excessive proliferation and accumulation of macrophytes in 
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the Norwegian river Otra (Rørslett, 1988 in Bunn and Arthington, 2002) and the pest species 
black fly (health risk) in the South African Lower Vaal River (De Moor, 1986 in Bunn and 
Arthington, 2002).  Numerous aquatic plant species from permanent water sources (backwaters in 
floodplain) are introduced to the river channel of the heavily regulated Murray River (Walker et al. 
1994 in Bunn and Arthington 2002).  

Whilst limited information exists, it is reasonable to postulate that decreased RRF may be 
associated with those conditions that favour exotic species.   

 

Physical habitat, habitat connectivity and water quality 

Adequate RRF are needed for natural processes of erosion, transport and deposition of 
vegetation and sediments.  Under natural flow conditions, these processes are influential in 
establishing and maintaining structural habitats for aquatic and terrestrial fauna (such as 
crustaceans, fish, frogs, turtles and waterbirds).  For example, recruitment and redistribution of 
large woody debris provides food sources (algae growth), and structural habitat for fish, turtles 
and birds (Pusey and Arthington, 2003 in Warfe et al, 2011).  Furthermore, the natural 
disturbance maintains diversity by suppressing dominant, well-adapted species (Pettit et al., 2001 
in Warfe 2011; NLAW, p. 48).  Flow variability also maintains the structure, complexity and 
integrity of both riparian zones and the waterway channel.  Evidence from the Ord River illustrates 
how the reduction in RRF (constancy of flow) due to the regulation of waterways has lead to both 
narrowed and homogenized riparian vegetation and reduced area and depth of the river channel 
(Cluett, 2005; Pettit et al., 2001 in Warfe et al., 2011; NLAW, p. 48).  

Flora and fauna are adapted to seasonal variable flooding and drought events.  A decline in the 
rate of fall of flow due to constant water flow or flooding can lead to the drowning of vegetation 
along rivers and floodplains for example, redgums, coolibahs and reed beds, which are adapted 
to seasonal/periodic inundation (Brander, 1987 in Bunn and Arthington, 2002). 

Intensified RRF may lead to scouring of nutrients upstream, influencing downstream primary 
production and associated food webs (Townsend and Padovan, 2005 in Warfe, 2011).  For 
example increased commercial catches of banana prawns in the Gulf of Carpentaria and of mud 
crabs in Logan River (Loneragan and Bunn, 1999) is partially attributed to increased availability of 
catchment derived nutrients and an associated increase in estuarine productivity.  

Furthermore, increased availability of suitable habitat (salinity) as well as flow related downstream 
movement of species and emigration of juveniles from nursery habitats, respectively, contributed 
to greater catch rates of commercial fisheries (Vance et al., 1985; Stable and Vance, 1986; Stable 
et al., 1995; Cadwallader and Lawrence 1990 in Loneragan and Bunn, 1999).  Additionally, more 
intense river flow may have caused the downstream migration of school prawns in Hunter River 
and Clarence River and of Golden Perch in Murray River (Ruello, 1973; Glaister, 1978; 
Cadwallader and Lawrence, 1990 in Loneragan and Bunn, 1999).  
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GROUNDWATER 

Timing 

Groundwater dependent ecosystems require a timely annual input of groundwater to maintain 
functioning and composition (Murray et al., 2003).  Whilst dependent on rainfall in the wet season, 
the persistence of river base flow and permanent wetland pools in the dry season are dependent 
on groundwater discharge (McJannet et al., 2009; CSIRO, 2009).  This base flow, in addition to 
permanent, groundwater-fed pools, is vital as a refuge in the dry season, and ensures the survival 
of species both directly and indirectly dependent upon it.  

Floodplains of the Alligator Rivers Region in the Northern Territory act as a refuge to waterbirds in 
the dry season with duck numbers increasing to dramatic peaks in the late-dry as birds 
congregate in the persistent swamplands from locations throughout the Top End (Morton et al., 
1990).  Fish in floodplains of the east Kimberley retreat to karst sinkholes during the dry season 
(Humphreys, 1995 in Tomlinson and Boulton, 2008), while groundwater discharge was found to 
be crucial to the survival of Balstonʼs Pygmy Perch in the Blackwood River in W.A. over summer 
months (Beatty et al., 2009).  

The annual wetting and drying regime common to northern Australia creates variable patterns of 
connection and disconnection vital for the preservation of life history strategies, and diverse 
populations (Sheldon et al., 2010).   Biota are most vulnerable towards the end of the dry season 
when rivers are highly disconnected, and refuges begin to dry out with decreasing groundwater 
levels.  Changes in the timing of groundwater discharge may therefore influence ecosystems by 
changing the availability of water at a critical time of the year, resulting in changes in fauna and 
flora assemblages (Murray et al., 2003).  Most importantly, therefore is: a) the timely annual 
recharge of groundwater during the wet season at a capacity able to support discharge over the 
dry, and b) discharge sustains pools and refuges through to the late dry season.  

 

Rates of rise and fall 

While the RRF of surface water flow has numerous and significant effects on ecosystems and 
biota, the RRF of groundwater levels and their role as ecological triggers in northern Australian 
wetlands is still largely unknown.  Evidence outside of this region does however suggest that 
modifying groundwater RRF may significantly impact water condition and quality, alter stable 
environmental conditions, and change the accessibility of water to terrestrial vegetation (Boulton 
and Hancock, 2006; Tomlinson and Boulton, 2008; Eamus and Froend, 2006).  

 

Alter water condition and quality 

During pumping from a bore near the Rhone River in France, Mauclaire and Gibert (1998, Boulton 
and Hancock, 2006) observed that an increase in the lateral flow rate of groundwater through a 
gravel substrate increased water temperature, dissolved oxygen and conductivity in the 
parafluvial zone.  Potentially, such an influx in oxygen-rich water could change the groundwater 
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dependent sediment community from anaerobic to aerobic, increasing nitrification and nitrates 
entering the system with serious implications for the ecosystem (Boulton and Hancock, 2006).  
Increased surface runoff and groundwater recharge rates in a phreatic aquifer were found to 
increase the amount of organic carbon transported down through the substrate and consumed by 
microorganisms (Datry et al., 2005).  In turn these zones of higher recharge were found to support 
a greater number and diversity of invertebrates compared to zones with no change in the 
recharge rate. 

 

Alter stable conditions 

Stygofauna are highly adapted to stable aquifer environments with low dissolved oxygen 
concentrations and a low food supply (Tomlinson and Boulton, 2008).  Anthropogenic changes to 
water regimes and more specifically RRF of groundwater, may therefore have significant 
consequences on stygofauna assemblages.  As increased recharge from storm water runoff 
increases dissolved oxygen concentrations, stygofauna species with a greater tolerance to 
increased oxygen may have a competitive advantage over sensitive species, modifying 
population assemblages (Tomlinson and Boulton, 2008). 

Despite adaptations to suboxic conditions, invertebrates in unconfined aquifers favour zones just 
below the watertable, where dissolved oxygen concentrations are highest.  These stygofauna are 
susceptible to stranding if rates of groundwater level decrease are modified (Tomlinson and 
Boulton, 2008).  Small-bodied copepods were observed to successfully follow declining water 
levels at groundwater bores in N.S.W., while larger-bodied amphipods became stranded 
(Tomlinson and Boulton, 2008).  Low metabolic rates and reduced locomotion and physiological 
activity suggest that stygofauna may be limited in their capacity to escape increasing rates of 
water level decline, and therefore persist in an altered environment. 

 

Water accessibility by terrestrial vegetation 

Vegetation dependent on the availability of groundwater, specifically in the dry season is 
vulnerable to altered water regimes.  Long-rooted phreatophytes access groundwater 
permanently, and require low rates of change in groundwater levels for persistence in the 
ecosystem (Eamus and Froend, 2006).  Amlin and Rood (2002, in Eamus et al., 2006) showed 
that low rates of decline in the water table (< 2cm/day) promoted root and shoot growth in 
Populus spp. and Salix spp. seedlings and saplings compared to a zero-decline treatment.  
Alternatively, increasing the water table at rates of > 2cm/day reduced root and shoot growth. This 
concept may offer an insight into the potential effects a modified groundwater regime in northern 
Australia may have on vegetation. 
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5.5.3 POTENTIAL IMPACT OF CLIMATE CHANGE AND DEVELOPMENT ON TIMING 
AND RATES OF RISE AND FALL  

Climate change and the development in Northern Australia can have a potential impact on the 
timing and the RRF of freshwater flow and groundwater through a variety of mechanisms.  
Climate change effects will be associated with changes in rainfall, evapotranspiration, runoff and 
infiltration.  These also apply to development, but they are likely to be mediated by a variety of 
mechanisms (Figure 185) including land use change (agriculture, urbanisation, industry) and 
water resource development (water regulation, extraction).  Effects of climate change and 
development on timing and RRF are described in the following sections for surface water and 
groundwater.  For the purposes of this discussion, changes for the timing of flow include the 
actual timing, the frequency and the duration of flow peaks.  The RRF of flow can potentially be 
increased or decreased.  The effect on the timing and RRF of flow at a regional scale is difficult to 
predict and variable due to numerous factors and their interactions such as climate, rainfall 
distribution, topography, soil and vegetation characteristics (Archer et al., 2000) as well as the 
nature of potential development which may include expanding urbanisation, land use change, 
water resource development etc.  

 

SURFACE WATER 

Climate change 

In northern Australia the future climate is likely to be drier due to both increased rates of 
evaporation and similar or slightly less rainfall (NLAW Review, p. 8/9).  River flow is predicted to 
be similar or slightly less than in the past 100 years and significantly less than in the last decade 
(NLAW Review, p. 9).  Floods and droughts are predicted to become more variable and severe. 
Fewer but more intense rainfall events are likely.  Therefore, climate change potentially alters 
rainfall and rainfall run-off, respectively.  The effect of climate change on timing and RRF is 
explored in more detail in Chapter Three. 

 

Development 

Agriculture and associated disturbances 

In northern Australia, pastoralism (predominantly cattle) dominates land use, with almost 70 
percent of the land being utilized (see Chapter Four). Cattle grazing can reduce vegetative ground 
cover as well as contribute to soil compaction (Freudenberger et al., 1997; Okin, 2002 in Bartley 
et al., 2006).  

The impact of devegetation in tropical landscapes is unclear. Devegetation of native flora and the 
replacement with pasture in savannah landscapes in Queensland had only little or no effect on 
water balance or run-off if ground cover was maintained (Prebble and Stirk, 1988 in Dixon et al., 
2009). In the wet/dry tropics sediment loss from grazed and naturally vegetated areas in the Daly 
River catchment was found to be similar (Dilshad, 2007 in Dixon et al., 2009).  For this later study, 
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it is unclear the effect devegetation had on run-off volumes.  Contrastingly, research conducted in 
temperate areas showed that the devegetation of hill slopes can significantly increase the run-off 
(by 6-9 fold) (Bartley et al., 2006).  Run-off is likely to increase when devegetation exceeds more 
than 60 per cent but appears to be unaffected when at least 40 per cent of the vegetation is 
maintained (Bartley et al., 2006, Trimble and Mendel, 1995 in Dixon et al., 2009).  

Soil compaction (usually also associated with devegetation) can also increase water run-off and 
erosion (Bartley, 2006, NLAW Review, p. 11).  Grazing animals also disturbed riparian zones 
(Dixon et al., 2010) and contribute to the run-off effects described above (Trimble and Mendel, 
1995, NLWA, p.53).  

Additional disturbances, often associated with land use change for agriculture, may also 
contribute to modifying time and RRF of surface water.  Of these replacement of native vegetation 
with exotic vegetation, and altered fire regimes are likely to be most significant.  The replacement 
of native vegetation with exotic flora (weeds etc) poses a potential risk to surface water run-off, 
groundwater discharge and therefore the timing and RRF.  Further, the replacement of the native 
flora can lead to alteration of the fire regime.  In comparison to pre European settlement high 
intensity fires occur more frequently, in particular in the late dry season (Dixon et al., 2009).  
These fires late in the dry season cause vegetation loss, resulting in increased run-off during 
storm events (Townsend and Douglas 2000, Townsend et al., 2004, Dixon et al., 2009).  The 
greater run-off has the potential to increase RRF of water flow.  Current fire management 
incorporates controlled low intensity fires early in the dry season (and wet-season) to reduce fuel 
loads. Vegetation can recover, causing no significant impact on stream flow (Townsend and 
Douglas, 2004).  

The impact of agriculture on surface water flow is difficult to assess due to difficulties in 
quantifying the effects at both a local and catchment-wide scale (123 in NLAW FR, p. 53, Dixon et 
al., 2009).  Of those impacts listed above, the clearing of native catchment vegetation, and more 
particularly riparian vegetation, is likely to have a greater effect on the intensity of flow events due 
to the loss of its buffer function (NLAW, p.50).  Nonetheless, the specific influence of changes in 
run-off associated with agriculture, particularly devegetation or vegetation change, is likely to be 
complex, and depend on the nature of rainfall, surrounding geology and topography.  However, in 
the Comet River catchment (QLD) clearing of Brigalow scrub for agriculture caused run-off and 
baseflow to increase by approximately 40-50%, and the proportion of cease-to-flow conditions 
reduce from 72 to 58 % (of the year) (Siriwarden et al., 2006 in Dixon et al., 2009).  These results 
suggest a greater drainage to groundwater system and enhanced groundwater discharge could 
contribute to increased baseflows during the dry season and attenuate the RRF of river flow. 

 

Urban development, infrastructure and water resource development 

Although northern Australia is sparsely populated, some areas, particularly surrounding major 
population centres of Broome, Darwin and Cairns are experiencing significant expansion of urban 
and associated industrial and agricultural areas.  In urbanised catchments garden irrigation (by 
households and councils) and emptying of swimming pools into stormwater systems (Dixon et al., 
2009) extend the natural timing of flow during the dry season.  Studies in the Darwin Harbour 
catchment show the water run-off doubled due to the replacement of native vegetation by 
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impervious surfaces and drains (Skinner et al., 2009, Dixon et al., 2009) intensifying and 
shortening the RRF of stream flow. 

Urban, tourism and recreational infrastructure and facilities, particularly road networks and other 
impervious surfaces, create elevated run-off and intense flash floods.  Road crossings can impact 
on the natural water flow, and alter connections between waterways and flood plains (NLAW 
Review, p. 5).  

With the development of industrial sectors, urbanization and tourism the usage of water resources 
is rising (NLAW Review, p. 28).  To meet the demand for water in Northern Australia in the future, 
new water sources have to be allocated.  Water sources can be created by the construction of 
storage and water extraction (NLAW Review, p. 28, 30).  At present the natural flow of northern 
waterways is in a good condition in particular due to the low regulation of waterways (NLAW 
Review, p. 12, Dixon et al. 2009).  An increase of regulation (storage and extraction) would have a 
significant effect on the timing and the RRF of the water flow (Humphries et al., 2002).  

Dams trap water in times of high rainfall, which is used in the dry season.  The regulated release 
of water alters the seasonality of floods, reduces the intensity of major floods in the wet season 
and further reduces the frequency and intensity of ʻsmaller/initialʼ floods and freshing flows. 

 

GROUNDWATER LEVELS 

Climate Change 

The most direct impact climate change will have on groundwater will be through recharge; with a 
change in recharge in the same direction as a change in precipitation (Tomlinson and Boulton, 
2008).  The effect of climate change on groundwater recharge is complex and highly variable, 
with recharge rates fluctuating across the landscape depending on soil types, vegetation and 
topography (CSIRO, 2009).  Rainfall regimes, including magnitude, and number of rainy days play 
a crucial role, with evidence showing lower total rainfall might still result in a higher recharge 
(CSIRO, 2009).  Tomlinson and Boulton (2008) remark that areas of increased rainfall and storm 
severity will experience higher rates of recharge, and an increase in aquifer flux.  However, there 
is currently limited evidence linking groundwater recharge directly with RRF.  Additionally, 
groundwater flows at a much slower speed than surface water, making it difficult to measure the 
response to a change as these may occur over many years (CSIRO, 2009).  The lag time, the 
variability of landscapes and the complexity of climate change impacts suggest that groundwater 
systems could be altered subtly, but not to the extent or severity contributed by development 
processes such as extraction.  

 

Development 

Disturbance to groundwater regimes can potentially disrupt patterns of hydrological connectivity 
and sediment wetting-drying cycles, change the rate and nature of subsurface ecological 
processes, alter flow and water quality, impact ecosystem structure and function, and cause 
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overall declines in biodiversity (Tomlinson and Boulton, 2008; Tomlinson and Boulton, 2010; 
Murray et al., 2003).  

Of all development practices, the extraction of groundwater for agriculture and development has 
the greatest direct effect on the timing and rates of rise and fall of groundwater levels.  As 
continued discharge of groundwater into the late dry season is central to the persistence of 
refuges and dependent biota, the timing of extraction activities is crucial.  

Water tables in shallow aquifers in the Timor Sea Drainage Division respond dramatically to 
seasonal rainfall, filling to capacity before draining slowly during the dry season (CSIRO, 2009).  
These shallow water tables may provide opportunities for development, however consequences 
to local stream flow and river systems may be significant (CSIRO, 2009).  At a regional scale, 
impacts to water resources are thought to be minimal, however Lamontagne et al. (2005) 
suggested that declines in the regional water table as a result of groundwater pumping near the 
Daly River in the Northern Territory may affect the health of riparian zone vegetation dependent 
on groundwater reserves.  Obligate phreatophytes in this region are usually located over water 
tables shallower than five metres, therefore the persistence of these species could be 
compromised if groundwater levels were to decline below this (Lamontagne et al., 2005; Eamus 
and Froend, 2006).  Altering water availability to vegetation will in turn effect the recruitment of 
seedlings into the adult population, and subsequently alter fauna assemblages (Murray et al., 
2003).  In addition to this, the rates of water table drawdown are important; while phreatophytic 
Banksia are capable of responding to drawdown by growing new roots and following declining 
water levels, this adaptation may only be effective when declines are gradual and of low 
magnitude (Froend et al., 2004). 

Groundwater pumping elevates flow rates of water through the sediment, resulting in changes to 
water conditions and quality, with flow on effects to dependent organisms throughout the 
ecosystem (Boulton and Hancock, 2006).  Pumping from an aquifer in north-west France 
disturbed natural groundwater fluxes, reduced residence time, drastically modified water 
chemistry and slowed biogeochemical processes, resulting in an alteration in aerobic and 
anaerobic processes and consequently a change in microbial communities (Tomlinson and 
Boulton, 2008).  Stygofauna in Australia, being adapted to highly stable subsurface environments, 
may be particularly susceptible to changes brought on by groundwater extraction.  Altered quality 
of groundwater may then impact upon sensitive surface water fauna such as frog species that are 
affected strongly by changes in water cycling and quality, influencing the animalʼs water 
physiology and reproduction (Belby et al., 2009).  

Devegetation, in the Daly River catchment caused a significant reduction in evapo-transpiration, 
and an increase in aquifer recharge when compared to naturally vegetated areas (Wilson et al., 
2006 in Dixon et al., 2009).  The replacement of deep-rooted perennial species with shallow-
rooted annual grasses is likely to have contributed to this, which in turn may lead to a greater 
discharge of groundwater into the Daly River (Wilson et al., 2006 in Dixon et al., 2009).  
Devegetation and land clearing may therefore impact not only groundwater recharge and 
discharge, but also therefore the timing and persistence of baseflow at critical times of the dry 
season.  

Stock grazing and heavy-impact agricultural practices can cause compaction of the soil profile 
and decrease the infiltration of water following rainfall events.  This results in an increased rate 
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and volume of surface water runoff into watercourses (Bartley, 2006; NLAW, p. 53), subsequently 
reducing groundwater recharge. 

Development scenarios such as clearing, urbanization and cattle grazing have significant, 
recognized impacts upon groundwater levels and recharge, however the relationship between 
these effects and the rates of groundwater rise and fall are rarely referred to specifically.  
Groundwater recharge is highly variable and complex, with no direct correlation existing between 
rainfall amount and recharge rates (CSIRO, 2009).  It cannot therefore be assumed that altered 
patterns of surface water flow such as increases in storm-water runoff due to urbanization, will 
result in direct increases in groundwater recharge rates.  Further analysis is required to look at 
how the timing and rate of rise and fall in flow at critical times of the season will vary under 
changing scenarios (CSIRO, 2009). 

 

5.5.4 CONCLUSIONS 
Impacts of climate change and development on natural hydrological regimes are many, varied, 
persistent and difficult to reverse (NLAW Review, p. 5).  The potential impacts of climate change 
and development on the timing and RRF of water flow may interact, counteract and/or multiply 
(NLAW Review, p. 30). 

Based on our review developmental impacts often have clear and direct effects upon the timing 
and RRF of flows as illustrated in the conceptual diagram (Figure 186).  Development comprises 
industry and agriculture, and influences groundwater and surface water through water regulation 
(storage/extraction), land clearing (grazing, infrastructure) and devegetation (pasture/weeds).  
The response in water timing and RRF will vary depending on the driver:  

 

We conclude the following main effects:  

 

1. Water regulation through dams will have a variety of effects on surface water; altering 
flow, duration, RRF and the number of flow peaks.  

2. Water regulation through extraction will potentially decrease the duration and number of 
flow peaks, and decrease the RRF in surface flows, whereas groundwater levels will 
decrease at increasing rates with the possibility of altering the dynamics of discharge 
during the late dry.  

3. Increasing runoff as a result of either devegetation or decreased permeability will result in 
decreased recharge and RRF thereby altering durations of baseflow for groundwater, 
whereas surface water (with or without changes to permeability) may display increased 
RRF and associated changes in timing and duration.  

4. Devegetation (without decreased permeability) will have variable effects on both 
groundwater and surface water recharge, baseflow and RRF due to interactive effects. 
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Figure 186.  Conceptual relationships between a variety of climate change and development impacts and their associated influence on the timing 

and rates of rise and fall of flow and groundwater. Colours depict disturbances (orange), surface water response (blue), groundwater response 
(green), interaction between ground and surface response (hatched). 
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The NLAW Review suggests deferring further development until the river flow and the basic 
ecology (long-term baseline ecological data) has been further examined and is better understood.  
It is further recommended that conservation areas should be excluded from development and the 
undisturbed natural river flow should be preserved (NLAW Review, p. 13).  With this in mind there 
are significant opportunities for refining our knowledge on the hydrological responses of 
groundwater and surface water, and particularly the interaction between these, to disturbance 
mechanisms above. 

 

5.6 THRESHOLDS FOR PRIMARY PRODUCTIVITY AND 
ASSOCIATED FOODWEBS 

An understanding of catchment linkages (e.g. the drivers, sources and fate of organic carbon) is 
fundamental for the successful management of environments as ʻhealthyʼ functioning ecosystems 
(Minshall et al., 1985; Pen and Davies, 2001).  In order to improve our capacity to predict how 
tropical rivers are likely to respond to changes in water management and land use, recent 
research by TRaCK has focussed on sediment and nutrient budgets, primary production, and 
food webs, thereby providing knowledge on the drivers, sources and fate of carbon respectively 
within rivers in the wet-dry tropics.  

Thresholds for primary production (e.g. light attenuation, duration of floodplain inundation) have 
been identified as knowledge gaps for understanding how ecosystems function.  This component 
of the project aims to assess current research from northern Australia, with the aim to identify key 
thresholds for primary productivity.  For this review, the catchment has been divided into three 
main sections; main channel, floodplain and estuary.  For each of these, recent research on the 
main drivers and sources of primary production has been summarised with emphasis on the 
relationship of these process to the hydrological regime and annual hydrograph.  The importance 
of each of the sources of primary production has also been highlighted with a short review on the 
relative contribution of this primary production into food webs. 

 

5.6.1 MAIN CHANNEL PRIMARY PRODUCTION 

GENERAL DRIVERS AND PROCESSES  

In general, rates of instream primary production in the tropics are an order of magnitude greater 
than comparable temperate systems (Davies et al., 2008).  The ultimate driver of photosynthesis 
is light availability (Townsend et al., 2011; Davies et al., 2008), which is affected by turbidity in 
larger rivers, and whilst light provides the main cue for algal and macrophyte growth, nutrient 
availability also provides a main constraint on this growth (Erskine et al., 2003; Hunt et al., 2011).  

Rivers across the wet dry tropics are typically heterotrophic and nutrient limited (Webster et al., 
2005; Warfe et al., 2010).  Studies in the Mitchell River (Qld) consistently recorded ecosystem 
metabolism as net –heterotrophic, and results suggest that net primary production is limited by 
nutrient availability, implied by the oligotrophic conditions and high algal C:N ratios (Hunt et al., 
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2011).  Net primary productivity in the Daly River (NT), which is strongly heterotrophic, is also 
limited by the availability of light, although the accumulation of plant biomass is more likely to be 
nutrient limited (Webster et al., 2005; Townsend et al., 2008).  In the Flinders River (Qld) recent 
research by Faggotter et al. (2011) has shown that although waterholes are mesotrophic in the 
dry season, production is limited by the availability of nutrients in a readily available form 
(dissolved inorganic nutrients).  

In the wet-dry tropics, peak flows in the wet season provide hydrological connectivity both laterally 
and longitudinally, facilitating the transport of nutrients, sediment and organic matter (Warfe et al., 
2010).  High flows in the Daly River transport > 95% of the total annual sediment and Nitrogen (N) 
and Phosphorous (P) loads during this time (Robson et al, 2010).  Water turbidity, scouring and 
residence time combine to limit primary production in the main channel and consequently levels of 
primary production are low (Faggotter et al., 2011; Robson et al., 2010).  In the Daly River, where 
plant biomass has been found to be strongly affected by seasonal flow patterns, peak flows 
(particularly the rate of rise of the hydrograph) are responsible for scouring out plant material and 
reducing biomass that has built up during the previous dry (Erskine et al, 2003).  

The dry season represents a period of limited resources as aquatic habitats contract to isolated 
waterholes across most of the region (Warfe et al., 2011).  With a reduction in flow during the wet-
dry transition, sediments settle and substrates stabilise.  High light availability and stable base 
flows promote primary production (Hunt et al., 2011), and in channel processes are likely to 
become more important.  Although dry season conditions generally become more favourable for 
instream (autochthonous) production, there is a high degree of spatial and temporal variation in 
primary production across the floodplain and along the river channel (Warfe et al., 2011).  The 
relative contribution of different producers to gross primary production also varies across the 
region and across river types.  This is due, largely, to habitat, water, light and nutrient availability.  
Whilst bottom-up controls limit primary production in Australiaʼs wet dry tropics, there is also 
evidence that benthic algae can also be partly regulated by grazing pressure (Douglas et al., 
2005; Warfe et al., 2011). 

The following sections summarise recent research highlighting this variability and key flow 
relationships.  Although a number of generalisations about primary production in tropical rivers 
can be drawn from tropical rivers in other regions (i.e. Lewis et al., 2000; Davies et al., 2008; 
Warfe et al., 2011), in order to identify potential flow thresholds, the review has been limited to 
case studies that are available within the wet-dry tropics of Australia.  

 

PRIMARY PRODUCERS AND FLOW RELATIONSHIPS 

In the wet-dry tropics of northern Australia, the Daly River is one of the better-studied rivers in 
terms of primary production, although it also represents one of the few perennial rivers.  Flow is a 
key driver in the Daly River, controlling both the loss and growth of plant biomass (Townsend and 
Padovan, 2005; Robson et al., 2010).  The velocity of water and shear stresses play a key role in 
determining plant coverage, specifically for algae (Spirogyra) and macrophytes (Vallisneria) (Rea 
et al., 2002; Townsend and Padovan, 2005).  During the wet-dry transition, inflows from the 
bicarbonate dominated groundwater play an important role in facilitating an increase in light 
availability, through flocculation of suspended sediments.  Initially, nutrients delivered in the wet 
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season are taken up by fast growing simple benthic algae (periphyton and Spirogyra), retaining 
nutrients in the system to support aquatic plants later in the dry season.  Spirogyra has an optimal 
range of sheer velocity, at the upper range the algae is physically removed, whereas during low 
flows, the resulting lower sheer velocities limit nutrient uptake (Erskine et al., 2003).  As a result, 
in the late dry, Spirogyra biomass reduces as low flows cause a decline in transfer-limited nutrient 
uptake rates.  The slower growing more complex benthic algae and aquatic plants gradually build 
biomass across the dry, recycling nutrients within the system (i.e. decaying Spirogyra) (Robson et 
al., 2010).  

With the identification of these velocity thresholds in the Daly, recommendations have been made 
for the maintenance of minimum stream flows to protect Vallisneria nana and Spirogyra in the 
Daly River (Erskine et al., 2003).  Preliminary models have also been developed to predict the 
impact of both an increase in nutrients and reduced dry season base flow, on the coverage and 
biomass of five key plant and algae groups (Robson, 2010; Robson et al., 2010).  In summary, 
the Daly was shown to be sensitive to increases in nutrient concentrations, and the effects of 
moderate flow changes were more subtle, but still significant, with total habitat and hence total 
production affected (Robson et al., 2010).  

The Mitchell River (Qld) is classified as a “Class 3 stable summer base flow” river (Kennard et al., 
2010) and, although levels of gross primary productivity are similar to levels seen in the Daly, the 
relative contribution of different producers to gross primary productivity (GPP) varies between 
these river systems.  The open channels of most large tropical rivers are generally unsuitable 
habitats for aquatic macrophytes (Davies et al., 2008). Systems such as the Mitchell (QLD) and 
the Fitzroy River (WA) have a low abundance of macrophytes, most likely due to highly mobile 
bed materials and unstable substrate (Brookes, 2008; Hunt et al., 2011; Davies et al., 2008).  The 
availability of stable substrates are important for attached algae, such as boulders, cobbles, large 
woody debris and to a lesser extent macrophytes especially in backwaters and protected littoral 
zones.  Contributions to GPP in the Mitchell are mainly derived from phytoplankton, with 
indications that attached algae are also important contributors (Hunt et al., 2011).  In floodplain 
waterholes on the Mitchell River, as the dry season progresses, water quality tends to diverge 
between the deeper and shallower isolated waterholes (Pettit et al., in review).  Shallower 
waterholes are more susceptible to both wind and animal disturbance that stir up the bottom 
sediments and thus increase turbidity.  The resulting impact on light penetration and primary 
production provides implications for both land use and water abstraction. 

In the Flinders River (QLD), where light was found to penetrate to the bottom of waterholes, 
benthic algae and phytoplankton are also important sources of production in the dry season 
(Leigh et al., 2010; Faggotter et al., 2011).  The Flinders falls under “class 11 with unpredictable 
summer highly intermittent flow” (Kennard et al., 2010).  Phytoplankton reaches a maximum 
biomass early in the dry season, and is constrained by dissolved N and P.  Although nutrient and 
chlorophyll a (chl a) concentrations increased across the dry, Faggotter et al. (2011) suggest that 
this increase was due to evapoconcentration as waterhole volumes declined, rather than 
biological top-down control by grazers, as found in previous studies (Leigh, 2008).  A conceptual 
model summarising physical, biogeochemical and ecological processes in relation to the annual 
hydrograph has been produced for the Flinders River (Faggotter et al., 2011).  The Gregory River 
situated adjacent to the Flinders River is groundwater fed and often flows throughout the dry 
season. Studies by Leigh (2008) showed that dry season chl a, total N and total P concentrations 
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were substantially higher in the Flinders River.  Despite these differences, concentrations are 
comparable when the Flinders ceases to flow, highlighting that flow can be a main factor 
controlling nutrient concentrations and algal growth (Leigh, 2008; Faggotter et al., 2011). 

Research undertaken in the Ord River (WA) provides an example of changes that may occur 
when regulation of water resources results in a shift from an ephemeral to a perennial river 
system.  Major physical and ecological changes have occurred in the Ord River main channel 
since regulation, including the accumulation of aquatic plants in the stream channel and an 
alteration of the drivers of primary production (Davies et al., 2003; Robson et al., 2008).  A 
comparison with unregulated river systems within the region, including the Pentecost, Keep and 
Dunham suggests that the overall productivity in the lower Ord (based on benthic metabolism) 
has significantly increased since regulation (approximately 25% higher).  The unregulated river 
systems in the study were found to be predominantly heterotrophic, in contrast to the Ord River, 
where productivity was predominantly based on instream production and hence autotrophic, 
suggesting there may have been a fundamental change in the energy base of the Ord ecosystem 
following regulation (Davies et al., 2003).  Allochthonous inputs typically decrease with less 
flooding, with a reduction in freshwater and estuarine subsidies.  A reduction in magnitude and 
frequency of floods has not only reduced nutrient loads during the wet season but also sediment 
is no longer flushed from the system, which has important implications at the freshwater/estuarine 
interface (see Section 5.6.3).  

 

5.6.2 PRIMARY PRODUCTION ON THE FLOODPLAIN 

PRODUCTIVITY AND RIVER –FLOODPLAIN CONNECTIVITY 

Australian tropical floodplains throughout the northern third of Australia are generally considered 
highly productive ecosystems with seasonal flooding replenishing water, and nutrient rich 
sediments.  This flood-pulse advantage means that the increased lateral exchange of materials 
and nutrient within the floodplain results in productivity, which greatly exceeds that within the river 
main channel alone (Junk et al., 1989; Bayley, 1991; Tockner et al., 2000).  This large expansion 
of the riverine habitat in the wet season is exploited by aquatic organisms, which then return that 
productivity to the river in the dry season.  During the terrestrial phase of the dry season the 
floodplain waterholes act as refugial habitats where there is a high density of aquatic biota.  The 
interaction in the aquatic and terrestrial phases of the river floodplain therefore results in high 
productivity and diversity in the river-floodplain ecosystem (Naiman et al., 2005).  This is due to 
the interactions between flooding, sediment transport, biotic processes (primary and secondary 
production and processing of organic matter) and hydrological connection and disconnection as 
waters inundate and recede from the floodplain (Figure 187). 
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Figure 187.  Conceptual diagram of the connection between the river and its floodplain 

and the importance for productivity and aquatic foodwebs. 

 

Due to the highly seasonal nature of river-floodplain systems there is a large degree of variability 
in the spatio-temporal patterns of connectivity and subsequent production.  Therefore, the 
diversity of hydrological patterns is a key element for productivity as well as for the maintenance 
of habitat and species diversity in river-floodplain systems (Pettit et al., 2011).  Seasonal changes 
in water levels and associated increases in aquatic and floodplain primary production usually 
produce a corresponding shift in the nature of the dominant primary producers from algae and 
aquatic macrophytes confined to isolated water bodies and river channels in the dry season, to 
the widespread development of aquatic macrophytes and associated epiphytes during floodplain 
inundation in the wet season.  This is well documented for many tropical floodplain rivers such as 
the Amazon (Junk and Piedade, 1997) and is also seen in wetter areas of northern Australia, 
such as floodplain rivers of the Alligator Rivers region of the North Territory, typified by Magela 
Creek in Kakadu National Park (Figure 188, Pettit et al., 2011).   

Magela Creek floodplain and others in the Alligator Rivers region are the most studied tropical 
floodplain ecosystems in Australia and consequently have been the model of how floodplain 
ecosystems operate under the seasonal wetting and drying regime in northern Australia (Pettit et 
al., 2011).  However, other floodplain systems in drier parts of the Australian tropics, such as the 
Mitchell and Flinders Rivers in the southern and eastern regions of the Gulf of Carpentaria and 
the Fitzroy River in the Kimberley region, indicate that for these rivers the floodplains may operate 
quite differently.  These drier river floodplains have little aquatic vascular plant growth during the 
inundation phase and most surface waters lack aquatic plants entirely, and algal growth is also 
sparse.  The combination of rapidly fluctuating water levels, short inundation period and turbid 
water may be responsible for this reduction in aquatic primary productivity during the inundation 
phase.  However, after the flood waters recede, the ensuing increased productivity of terrestrial 
vegetation on floodplains replenished with soil water and nutrients, as well as aquatic plant growth 
in residual pools, are very important components of the total ecosystem production (Figure 188).  
These preliminary observations suggest that primary production and ecosystem functioning in 
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Australian tropical floodplains is highly variable and strongly related to the local hydrological 
conditions (Warfe et al., 2011). 

 

 
Figure 188.  Primary production on the floodplain of (a) Magela Ck in Kakadu NP in the 
early dry season showing the high productivity of aquatic macrophytes and (b) on the 
Mitchell River floodplain in the gulf country of north Queensland in the mid wet season 

showing the development of terrestrial grasses and little aquatic macrophyte production 
in the inundated areas (photos N. Pettit).  

 

SOURCES OF PRIMARY PRODUCTION 

When river water inundates the floodplain via channel over bank flow or via floodplain channels, 
various key processes are switched on (Junk et al., 1989).  This includes the flushing of dissolved 
and suspended organic and inorganic materials into the floodplain; decay of existing biomass and 
large amounts of inorganic and organic matter deposited during the terrestrial phase are 
mobilized by the overlaying water.  In the Amazon River, more than 90% of suspended sediment 
in water entering the floodplain is deposited there, leading to increased phytoplankton growth in 
the floodwaters, with resulting dramatic decreases in dissolved nutrients as river water moves 
across the floodplain (Engle and Melack, 1993).  In general, on floodplains inundated for longer 
periods, aquatic macrophytes (including grasses, sedges, floating and submerged plants) 
produce the greatest above-ground biomass in the wet season (Junk and Piedade, 1997; Lewis et 
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al., 2001; Pettit et al, 2010).  However, many aquatic food web studies using stable isotope 
analyses indicate that epiphytic algae are most likely the predominant energy source for aquatic 
consumers on the floodplain (Hamilton et al., 1992; Lewis et al., 2001; Jardine et al., 2011).  
Hence, although macrophytes are the most conspicuous primary producer on the floodplain, they 
do not appear to be an important energy source for consumers themselves.  Nevertheless, 
macrophytes do provide critical seasonal food and habitat structure for consumers such as 
aquatic macroinvertebrates, fish and birds during the wet season and, critically, provide a suitable 
substrate for the attachment of algal epiphytes (Pettit et al., 2011).  Although algae are much less 
conspicuous primary producers on the floodplain, high turnover rates can maintain significant 
consumer biomass (Lewis et al., 2000).  Indeed, on the floodplain of the Orinoco River, carbon 
sources for consumers were mostly algal, despite macrophytes and litter-fall providing 98% of 
potentially-available carbon (Lewis et al., 2001).  Notwithstanding the fact that algae are likely to 
be a critical basal source for the floodplain and river food web (Jardine et al., 2011), biomass and 
rates of productivity of benthic and epiphytic algae are poorly known and have rarely been 
adequately quantified (Davies et al., 2008).  Particular components of this include understanding 
the seasonal dynamics of algae and the relationship with water quality dissolved nutrients and 
macrophytes on the floodplain. 

 

DRIVERS OF PRIMARY PRODUCTION 

In tropical floodplains primary production by phytoplankton and benthic algae depends, to a large 
extent, on availability of dissolved nutrients and light.  In the first flows of the wet season, there 
are generally high sediment loads and consequent high turbidity as well as high conductivity and 
dissolved nutrients, particularly total P (Hart et al., 1987).  Later in the wet season sediments are 
deposited on the floodplain and water clarity improves, increasing the photic zone, which allows 
greater rates of photosynthesis and production.  Available N is also generally much greater in 
subsequent wet season flows, possibly as N is fixed on the floodplain (Martinelli et al., 1992; Kern 
et al., 2002).  The structure of different types of aquatic macrophytes growing on the floodplain 
will also influence algal production, through reduction in light penetration and therefore the depth 
of the photic zone (Figure 189).  Preliminary data collected from the Daly River floodplain in April 
2010 (Pettit and Warfe unpub. data) indicate, however, that aquatic macrophytes can also 
enhance the production of epiphytic algae by providing a large surface area and stable substrate 
for attachment (Figure 190).  This will vary with the growth form of the aquatic plants (Figure 191).  
For example the lotus (Nelumbo nucifera) has large broad leaves on or near the water surface, 
which will greatly reduce light penetration so that epiphyte load is reduced.  Epiphyte biomass is 
highest on emergent aquatic grasses such as Hymenachne acutigluma and Psuedoraphis 
spinescens, which have a relatively open structure allowing more light penetration and also 
attachment sites across the range of the aquatic photic zone.  The submerged Ceratophyllum 
demersum has a highly complex architecture with a large surface area for the attachment of 
epiphytes.  The growth of this plant from the sediment up to the surface effectively provides better 
access to the photic zone for algal epiphytes. 

Critical gaps in our understanding of the drivers and extent of primary production on the floodplain 
include basic measures of primary production in these systems as well as a better understanding 
of the relationships between macrophytes, epiphytic algae and the depth of the photic zone and 
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how these operate spatially and temporally on the vast expanses of northern Australian 
floodplains? 

 

 
Figure 189.  The effect of different types of aquatic macrophyte structure on the 

penetration of light (and therefore the depth of the photic zone of floodwaters on the 
floodplain).   

 

 
Figure 190.  Relationship between the surface area of aquatic macrophytes and epiphytic 
algal load with increasing biomass of epiphytes with large surface area of macrophytes.  
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Figure 191.  Epiphyte load on different species of aquatic macrophytes that represent 

varying structural types. Epiphyte biomass is highest on the emergent grasses H. 
acutigluma and P. spinescens that had a more open structure that allowed more light 

penetration and attachment up to the water surface.  The submerged C. demersum has a 
highly complex architecture with a large surface area for attachment of epiphytes. 

 

EXAMPLES OF RATES OF PRIMARY PRODUCTION ON THE FLOODPLAIN 

Measures of the rate of primary production on the floodplain have been summarized from around 
30 years of research on the Magela Creek floodplain in Kakadu National Park east of Darwin and 
compared to other tropical floodplains around the world (Table 46, Pettit et al., 2010).  Although 
there was little direct measurement of productivity from this work on Magela Creek, some 
indications of levels of primary production can be inferred.  It should also be borne in mind that 
Magela Creek floodplain is at the wetter end of the spectrum in terms of duration of floodwaters 
remaining on the floodplain so that the development and production of aquatic plants is probably 
relatively high compared with other floodplains in northern Australia.  Nevertheless, in the 
absence of other information this data provides a reasonable starting point for the discussion of 
the levels of primary production on the floodplain.  
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Table 46.  Comparison of productivity figures derived from studies of floodplains in other 
regions.  

 Magela Floodplain Other floodplains 
 Carbon  

(kg ha-1) 
Reference Carbon  

(kg ha-1) 
Reference 

Trees 21000 - 22500 Finlayson et al. 
1993 

66000 - 
327500 

Yamakura et 
al.1986 

Litterfall 150 – 160 Finlayson et al. 
1993 

1750 Bray & Gordon 
1964 

Macrophytes* 2500 – 5500 Finlayson 1991 10950 Piedade et al. 
1991 

Phytoplankton  36 – 60 Walker & Tyler 1983 880 Fellows et al. 
2007 

Benthic algae  200  Davies unpub. data   
Epiphytic algae 850 McBride 1983   

 

Algae 

In the Magela Creek floodplain, high rates of water movement in the wet season leads to the loss 
of phytoplankton and generally lower productivity.  During the dry season productivity in floodplain 
waterholes increases but can vary considerably according to water quality conditions, particularly 
turbidity, light, nutrients and chemistry of individual waterholes.  Chlorophyll a concentrations in 
the Magela Creek billabongs showed peak values at the end of the dry season (19 g m-3), which 
reduced to less than 8 g m-3 after wet season connection (Hart and McGregor, 1980).  Net open 
water production rates of 1.1 g C m-3 day-1 were measured on the Magela Creek floodplain in the 
2000 wet season (Peter M. Davies, unpublished data).  This measurement of productivity would 
translate to around 990 kg C ha yr-1 on the floodplain, which is much higher than phytoplankton 
biomass estimates (Table 46), suggesting very high turnover of algal biomass on the floodplain.  
Dry season open water productivity for a Magela Ck floodplain waterhole was measured at 
between 0.1 – 1.2 g C m-3 day-1 (Walker and Tyler, 1983). In comparison, water column GPP in a 
turbid waterhole in Cooper Ck, central Australia, was measured as 2.4 g C m-3 day-1 (Fellows et 
al., 2007).   

 

Floodplain grasses  

On the Magela Creek floodplain, aquatic grasslands are the most conspicuous and widespread 
vegetation type, covering 41% of the floodplain (Finlayson et al., 1993).  They are also highly 
productive, with standing above-ground dry biomass peaking (5000 -11000 kg ha yr-1) at the end 
of the wet season as water levels recede.  Biomass for major grass species on the floodplain was 
between 14100 – 44300 kg ha-1 for Hymenachne acutigluma, 5100 – 11700 kg ha-1 for Oryza 
meridionalis, and 16700 kg ha-1 for Psuedorhaphis spinescens (Finlayson, 1991).  The invasive 
introduced para grass Urochloa mutica is now widespread on the Magela floodplain (Bayliss et 
al., 2006) and spreading, with biomass measured at 41200 kg ha-1 (Douglas and OʼConnor, 
2004).  On the Amazon floodplain in the early wet season, the aquatic grass Echinochloa 
polystachya achieves growth rates which enable it to outgrow the rising floodwaters, with 
production rates of 95000 kg ha yr-1 and a standing crop of 80000 kg ha-1 (Piedade et al., 1991).  
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Although productivity of grasses on the Magela floodplain is much less than these described for 
the Amazon floodplain, they are similar to the 4000 kg ha-1 reported for the Orinoco floodplain 
(Hamilton and Lewis, 1987) and high in comparison to other terrestrial tropical savannas (Grace 
et al., 2006). 

 

Woody Plants 

Trees (mostly Melaleuca spp) occupy 30% of the Magela floodplain with an average density of 
294 trees ha-1 (Finlayson et al., 1993).  This translates to a total standing above ground dry 
biomass of about 45000 ± 3000 kg ha-1, which represents approximately 40 -50% of the carbon 
on the floodplain.  In comparison, values of 66000 to 327500 kg ha-1 have been recorded for 
evergreen tropical lowland rainforests in Indonesia (Yamakura et al., 1986).  As an indirect 
measure of productivity of the Melaleuca forest on the Magela floodplain, annual litter fall ranged 
from 8 to 15 t ha-1 yr-1 (Finlayson et al., 1993).  This compares with values of 7.2 – 10.5 t ha-1 yr-1 
for three tropical Australian rainforests (Spain, 1984). 

 

5.6.3 ESTUARIES  
In the wet-dry tropics, wet season peak flows are responsible for facilitating the transport of 
nutrients, sediment and organic matter to estuaries.  The quantity, quality and timing of 
freshwater, nutrients and sediment inputs that flow into estuaries are some of the most important 
factors influencing their function  (Robson and Burford, 2010).  Estuaries play a key role in 
processing nutrients from rivers, provide a home for unique flora and fauna, and provide critical 
habitat and breeding grounds for commercially and culturally significant species (Burford et al., 
2010a).  Currently, tropical river estuaries in Australia support commercial fisheries for finfish, 
crustaceans and shellfish valued at over $240 million per annum (Burford et al., 2010a).  Much of 
the information on primary production in estuaries in the wet- dry topics is limited to studies on the 
Darwin Harbour (NT), the Norman River Estuary (Gulf of Carpentaria) and the regulated Ord River 
(WA). 

Estuaries in the wet-dry tropics can be highly productive systems despite being nutrient limited.  
Primary production in the Darwin Harbour, a tropical macrotidal estuary, is dominated by fringing 
mangroves (Burford et al., 2008).  This dominance is typical of mangrove-lined estuaries in the 
tropics, and their extensive production can account for the autotrophic nature of these rivers.  In 
this system nutrients are predominantly provided by tidal (oceanic) rather than the expected river 
and urban inputs, highlighting that generalisations cannot be made about freshwater inputs and 
their effect on estuaries (Burford et al., 2010b).  

Recent TRaCK research has focussed on primary productivity and its secondary effect on 
estuarine prawns in the tide dominated Norman Estuary (Gulf of Carpentaria) (Burford et al., 
2010c).  The study identified two key effects of flooding on the productivity of the estuary 
highlighting that both the magnitude and duration of flooding are key elements driving the 
productivity of this system (Burford et al., 2010c).  Firstly, a drop in salinity to zero for periods of 
greater than a few days can result in significant loss of meiofaunal abundance from the intertidal 
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mudflats.  Meiofauna are an important food source for prawns and only recovered when higher 
salinities were re-established.  As low salinity and estuarine inundation during flood events result 
in juvenile prawns emigrating from the estuary, lack of food may be a key driver in causing prawn 
emigration particularly in wet years with sustained periods of low salinity (Burford et al., 2010b).  
Secondly, flooding inundates the extensive coastal salt flats which provide a previously 
unidentified source of carbon in the form of algal growth and a release of nitrogen and 
phosphorous from the salt flats into the water column.  These salt flats are therefore likely to be 
an important source of carbon and nutrients for the estuary and nearshore areas (Burford et al., 
2010c).   

The regulation and subsequent flow alterations in the Ord River (WA) can provide insight into the 
potential impacts of river regulation.  The reduced magnitude of peak flow events following 
regulation has increased tidal pulsing and reduced wet season flows, resulting in siltation of the 
transition zone between the river and the estuary (Wolanski et al., 2001; Burford et al., 2011).  In 
the longer term, this siltation will further reduce freshwater flows to the estuary, and the resulting 
reduction in nutrients and particulate matter is likely to impact on primary production in the estuary 
(Burford et al., 2011).  These factors have flow on effects for higher trophic levels including 
juvenile estuarine penaid prawns, whose abundances are lower in the Ord estuary compared to 
adjacent unregulated rivers (Kenyon et al., 2004; Burford et al., 2011). 

 

5.6.4 RIVERINE FOODWEBS  
It is not only important to understand the sources and drivers of primary production but also what 
proportion of this carbon is assimilated into the food web in order to understand how alterations to 
primary production can have flow on effects for higher trophic levels.  Carbon in freshwater 
environments is available from production within aquatic systems (i.e. algae and macrophytes), 
imported from the surrounding catchment predominantly in the form of detritus, or as aquatic or 
terrestrial production in seasonally inundated floodplains.  Although these sources provide 
potential energy for the ecosystem, only a small proportion of the carbon present will enter 
aquatic food webs (Hamilton et al., 1992; Lewis et al., 2000). 

In the Daly River, where Vallisneria and Spirogyra are dominant producers, four species of turtle 
are known to graze on Spirogyra and rooted macrophytes, and Vallisneria nana and associated 
macrophytes, are also the dominant food source and key habitat for the pig nosed turtle 
(Carettochelys insculpta) in the dry season (Erskine et al., 2003).  In the Mitchell River, local 
sources of benthic algae have been shown to be the major carbon source for primary and 
secondary benthic consumers (insects) but not for the higher consumers (fish).  In the Mitchell 
floodplain, despite the relatively short duration of floodplain inundation (~2 months), benthic 
floodplain algae provide the basal source of carbon for the larger bodied fish species for both 
short and long term nutrition.  The floodplain source of carbon is then carried upstream and into 
the estuary as fish move off the floodplain at the end of the wet season (Jardine et al., 2011a, b).  
Floodplain sources also subsidised barramundi sourced from the recreational fisheries in adjacent 
coastal and estuarine areas (Jardine et al., 2011b).  This emphasises the importance of external 
carbon subsidies to systems in the wet dry tropics.  Similar reliance on floodplain algae for fish 
biomass has been hypothesised for the Flinders River and also in tropical South American rivers 
(Hamilton et al., 1992; Lewis et al., 2000).  Based on stable isotope analysis, Leigh et al. (2010) 
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found that autochthonous (within the system) sources were responsible for driving the food web in 
the Flinders River, which is not surprising considering that benthic algae was found to be an 
important source of production.  

The relative importance of floodplain subsidies to food webs in wet dry tropic river systems varies 
with connectivity and the period of floodplain inundation (Jardine et al., 2011b).  In general, 
benthic invertebrates in rivers in the wet-dry tropics are strongly coupled to local resources, whilst 
fish communities have a varying degree of reliance on these.  In systems such as the Daly with a 
long duration of floodplain inundation (up to 6 months) and perennial flow, highly mobile 
consumers are more likely to exploit resources on the floodplain and export these resources to 
tributaries and main channels for the remainder of the year.  

 

5.6.5 IDENTIFICATION OF KEY THRESHOLDS FOR PRIMARY PRODUCTION  
Significant progress has been made in last five years, through TRaCK and related research, on 
increasing our understanding of primary production in the wet-dry tropics of Australia.  Despite 
this progress, there is little information on specific flow thresholds for the associated drivers of 
primary production such as light and nutrients or the interactions between these drivers.   

A number of specific flow velocity thresholds for aquatic macrophytes have been determined for 
the Daly River, however the Daly River represents one of the few perennial rivers in the wet-dry 
tropics and it is likely that these thresholds are specific to this system.  Indeed, information 
collected from recent research in Australian tropical floodplains suggests that many of the drivers 
and triggers for these processes may be system specific.  Therefore, developing general 
thresholds for river systems that will apply across northern Australia is problematic.  

Variation in water quality and primary production is substantial both across the floodplain and 
along the river channel.  The relative contribution of different producers to gross primary 
production also varies across the region and river types.  One of the key knowledge gaps is the 
transferability of processes to similar rivers within and across regions, considering the differences 
in flow.  There are also other factors that drive primary productivity including geology, surface 
water and groundwater, and material subsidy to channel.  Nonetheless, there are some general 
principles that we can apply from existing knowledge such as the importance of flows, nutrients 
and light to primary production.  Understanding the dynamics and interrelationships between 
these drivers of primary production represent significant knowledge gaps that should be a priority 
for future research. 

General thresholds for the river channel include magnitude of peak flows allowing contribution of 
catchment carbon and nutrients, timing and transition of flows influencing boundary layer and 
sheer stress, and rates of rise of hydrograph for scouring and influencing plant biomass (i.e. wet 
season floods remove Vallisenaria).  For the Estuary, fundamental thresholds for primary 
productivity include the magnitude of flow to allow contribution of catchment carbon and nutrients 
and coastal floodplain flooding and duration of flows for ecosystems reliant on saltwater 
mangroves and coastal inundation.  For river floodplains fundamental thresholds can be 
envisaged related to magnitude, duration and timing of wet season flows.  Probably most 
critically, flows need to be large enough to inundate the floodplain.  What the magnitude of this 
flow is will depend to a large extent on the topography of the floodplain and therefore on the 
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mechanism of floodplain inundation.  For example inundation can be via overbank flow, which 
would require higher discharge than floodplain inundation via distributary channels.  This again 
highlights the system specific nature of this potential threshold.  The duration of floodwater on the 
floodplain is another critical threshold, which will determine the development of aquatic plants and 
therefore primary production on the floodplain.  These differences are highlighted by the 
differences in flooding duration of the Daly, Mitchell and Fitzroy river catchments (Jardine et al., 
2011; Ward et al., in review).  Light penetration is also a critical driver of primary production on the 
floodplain but the relationship between water turbidity, primary production and flow duration are 
important processes that we have limited understanding of (Ward et al., in review) but are likely to 
encompass important ecosystem thresholds. 

 

5.6.6 SUMMARY  
In order to improve our capacity to predict how tropical rivers are likely to respond to changes in 
water management and land use, recent research by TRaCK has focussed on sediment and 
nutrient budgets, primary production and food webs, thereby providing knowledge on the drivers, 
sources and fate of carbon respectively within rivers in the wet-dry tropics.  

Characteristics of flow can drive the seasonal distributions, patterns and relative abundance of 
different species (Robinson et al., 2010) and how this is incorporated into the ecosystems.  The 
specific nature of flows, particularly floodplain inundation, is a critical driver of productivity that is 
transferred throughout the river system (Junk et al., 1989).  The duration of inundation greatly 
affects productivity and the subsequent incorporation into the foodweb and therefore the 
magnitude of this floodpulse advantage.   

Whilst recent research has provided significant advances in our knowledge of these systems, 
setting specific thresholds remains difficult and should be a focus of future work.  Although we 
generally have a good understanding of how key features of the hydrograph are important drivers 
of ecological mechanisms in tropical rivers, we donʼt understand these processes in sufficient 
detail to confidently set general thresholds for primary production that will apply across the 
diverse floodplain rivers in northern Australia. 

 

5.7 THE IMPACT OF INVASIVE PLANTS ON WETLANDS AND 
RIPARIAN SYSTEMS  

5.7.1 BACKGROUND 
Globally, aquatic ecosystems are considered to be highly vulnerable to invasion by alien plants 
(Zedler, 2011).  There are many examples where alien plants form monotypes in their invaded 
ecosystem, displacing native plant species and transforming the composition and function.  
Successful invaders of aquatic systems represent many plant life forms.  Well-known examples in 
the wetlands and riparian zones of northern Australia include the shrub Mimosa pigra, the grass 
Hymenachne amplexicaulis (olive hymenachne), the fully aquatic plant Cabomba caroliniana 
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(cabomba), the surface plant Salvinia molesta (salvinia) and the riparian vine Cryptostegia 
grandiflora (rubber vine).  These five species are listed as weeds of national significance because 
their impacts on natural and agricultural systems are so severe.  

Many other weeds have serious impacts on northern Australiaʼs aquatic ecosystems, even though 
they are not listed as weeds of national significance.  These alien plants include the semi-aquatic 
grass Urochloa mutica (para grass) and floating Pistia stratiotes (water lettuce) and the terrestrial 
grass Andropogon gayanus (gamba grass), which invades woodland and riparian habitats.  Due 
to their high impact on natural ecosystems, gamba and para grass are two of five grass species 
listed as key threatening processes under the EPBC Act. 

Invasive alien plants have a dramatic impact on the function of wetland and riparian ecosystems 
and globally this threat is considered second only to habitat loss in cause extinction of freshwater 
species and altering wetland food webs.  In northern Australian aquatic ecosystems, weeds have 
been found to have negative impacts on the environment, the economy and on Indigenous 
cultural values. 

 

5.7.2 ENVIRONMENTAL IMPACTS OF KEY SPECIES 
Many plant species, now recognised as invasive weeds, were deliberately introduced into the 
environment to support pastoralism (Cook and Dias, 2006).  Invasive plants pose a serious threat 
to the waterways and floodplains of northern Australia.  The release of aquarium plants by the 
public and their dispersal from fish ponds to waterways during the wet season also poses a major 
risk to the aquatic environment.  Fishing equipment and boats are a common means of spread of 
invasive weeds.  Five such weed species in northern Australia— Mimosa pigra, Hymenachne 
amplexicaulis, Cabomba caroliniana, Salvinia molesta and Cryptostegia grandiflora—are listed as 
weeds of national significance because their impacts on natural and agricultural systems are so 
severe.  These five species illustrate the spectrum of the impact of weeds on aquatic systems.  

Mimosa pigra (prickly mimosa) forms dense thickets on floodplains and on the margins of 
waterholes, monopolising space and nutrients and preventing access to permanent water by 
species such as waterbirds and wallabies.  It is estimated that mimosa now infests about 800 
square kilometres of coastal floodplains across the Northern Territory.  The combined pressures 
of climate change, land use and feral animals may facilitate the growth and spread of this weed 
(van Dam et al., 2008a).  Mimosa has been controlled in the past using herbicides such as 
tebuthiuron, but this may place aquatic plants in adjacent aquatic habitats at risk (van Dam et al., 
2004).  The chrysomelid beetle Malacorhinus irregularis may have some potential as an effective 
control agent (Heard et al., 2005; Paynter, 2006) but it is likely that a suite of control mechanisms 
will be needed.  

Hymenachne amplexicaulis is an introduced pasture grass that invades permanent waterbodies 
and seasonally inundated wetlands.  Because it is capable of growing in several metres of water, 
hymenachne can choke waterways sufficiently to prevent water movement and intensify flooding.  
It forms dense stands that reduce native plant diversity and available habitat for native animals, 
particularly fish (Ferdinands et al., 2005).  It can also out-compete important native grasses.  
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Cabomba caroliniana is a fully aquatic plant that grows prolifically and is highly invasive. It is 
present in Darwin River.  Its profuse growth ensures that it is able to quickly dominate waterways, 
and it is a serious problem in irrigation canals and impoundments as well as natural waterways.  
The plant secretes a sticky mucus around its leaves, which inhibits consumption by herbivorous 
animals and reduces its value as fish habitat.  In dense stands in still waters, it may cause 
dissolved oxygen levels to fall so low through nocturnal respiration that fish kills occur (due to 
asphyxiation), although this feature is not restricted to alien aquatic plants.  Its potential to disrupt 
aquatic food webs is extremely high.  

Salvinia molesta is a surface-dwelling plant that also grows and reproduces extraordinarily 
rapidly.  It may completely blanket the surface of waterbodies in a very short time, doubling its dry 
weight every 2.5 days under optimal conditions (Room et al., 1981).  Prolific stands may prevent 
the transmission of sunlight into the water column and effectively curtail photosynthesis and 
primary production.  One of the most successful weed biological control programs occurred at 
Lake Moondarra, a large reservoir near Mount Isa.  Within a few years of introduction of Salvinia 
in 1975, nearly 400 hectares of the lake were covered by 50,000 tonnes (fresh weight) of the 
plant.  On 3 June 1980, 1,500 adult weevils (Cyrtobagous salviniae, then known as C. singularis) 
were released onto the lake.  These were the progeny of weevils imported from Brazil that had 
been tested thoroughly for their host specificity in quarantine facilities in Brisbane.  Another 1,500 
weevils were released in January 1981.  The weevil population rapidly spread and increased, 
reaching an estimated peak of 100 million weevils by April 1981 (Room et al., 1981).  By August 
1981, less than 1 tonne of Salvinia was left on the lake (Room et al., 1981), and it has been rare 
in the lake since. 

Cryptostegia grandiflora (rubber vine) is a serious pest species that occurs as isolated outbreaks 
in the Kimberley region and the eastern edge of the Northern Territory but is especially 
widespread in the Gulf region of Queensland.  In Queensland, the Queensland Land Protection 
(Pest and Stock Route Management) Act 2002 requires landholders to control its spread and 
abundance.  Rubber vine is a vigorous growing shrub whose seeds are spread in waterways.  It 
forms dense, impenetrable thickets along streambanks, preventing stock access to water and 
reducing riparian biodiversity.  From streambanks, it may spread to the surrounding savanna 
(Doak et al., 2004).  

Many other weeds have serious impacts on northern Australiaʼs aquatic ecosystems, even though 
they are not listed as weeds of national significance.  These alien plants include water lettuce 
(Pistia stratiotes), para grass (Urochloa mutica) and water hyacinth (Eichorna crassipes).  Water 
hyacinth is of considerable concern as it may quickly establish surface mats that then become the 
substrate for other weeds, such as para grass.  This alien vegetation complex then becomes an 
impenetrable, stable cover on the waterʼs surface, which can only be dislodged by the very largest 
of floods.  Such mats have been a persistent problem in irrigation areas such as the Burdekin 
delta and have been shown to depress water quality (Perna and Burrows, 2005) and eliminate 
native fish communities (Perna, 2003).  

In 2009, five tropical invasive pasture grasses were listed as a key threatening process under the 
Environment Protection and Biodiversity Conservation Act 1999.  Four of these species pose 
serious threats to inland waters in the region, including para grass and olive hymenachne 
(Hymenachne amplexicaulis), which threaten wetland and floodplain habitats, decreasing native 
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biodiversity.  Other weeds have also become a concern in recent years, including the introduced 
pasture grass gamba grass (Andropogon gayanus), Noogoora burr (Xanthium occidentale) and 
the perennial and annual mission grasses (Pennisetum polystchoin and P. pedicellatum, 
respectively) (van Dam et al., 2008a).  Gamba grass and mission grass threaten riparian habitats, 
monopolising space and increasing fire intensity and risk (Rossiter et al., 2003; van Dam et al., 
2008a). 

 

5.7.3  CASE STUDY OF PARA GRASS IMPACTS ON A RANGE OF ECOLOGICAL 
FEATURE 

The weed of greatest concern for paperbark stands and riparian areas is para grass (Urochloa 
mutica).  Para grass is an aggressive species that quickly dominates native vegetation and has a 
profound effect on food webs and animal habitats (Bunn et al., 1997; Ferdinands et al., 2005).  
Moreover, para grass substantially increases grass fuel loads and hence fire intensity (Douglas 
and OʼConnor, 2004), posing a risk to fire sensitive rainforest species, seasonally inundated 
savanna, and potentially recruitment of paperbarks as intense fires kill seedlings. 

 

IMPACTS 

Invasive alien plants are an important economic problem in the tropical Australia.  For example, 
approximately $20 million was spent on herbicide treatment of M. pigra in the Northern Territory 
between 1980 and 2004 (van Dam et al., 2004).  Ongoing control and monitoring of mimosa in 
Kakadu National Park alone is estimated to cost $0.5 million per year (CRC Weeds, 2003).  
Ecosystem impacts can lead to significant social and economic impacts, such as the restriction of 
tourism or recreation such as fishing.  Degradation of water quality in Cabomba-infested water 
supply structures is suggested to add $50 per megalitre in water treatment costs (CRC Weeds, 
2003).  

Not only is control of weeds costly but it has ecological costs as well.  For example, the herbicide 
Tebuthiuron is used for Mimosa control.  It is applied in pellet form at the onset of the first summer 
rains to facilitate dissolution.  It is highly toxic to aquatic macrophytes and algae.  It is a persistent 
(half life > 1 year) and mobile chemical, so much so that the USEPA and manufacturer guidelines 
suggest it not be used within 50 m of waterways!  The risk to aquatic plants is therefore high and 
this high risk may persist for 10-20% of species for almost a year.  The persistence of Tebuthiuron 
in the aquatic environment and dramatic effects on aquatic plant life suggests that the flow-on 
effects on aquatic food webs are likely to be substantial. 

 

5.7.4 POTENTIAL IMPACT OF CLIMATE CHANGE ON THE INVASIVE PLANT 
THREAT 

Understanding ecological responses of native and invasive exotic plants to components of climate 
change is now essential in developing and implementing management plans for aquatic 
ecosystems.  Increased CO2 levels and increased temperatures are likely to have major impacts 
on both C3 and C4 plant species (Lee et al., 2010), and the interactions within and between these 
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groups will determine community impacts.  Research has shown that increased CO2 has 
increased growth of both C3 and C4 species, which may increase the fire fuel load, potentially 
altering fire behaviour.  Fire is a key ecological driver in the region and therefore this could have 
substantial impact on the ecosystems (Figure 192).  In addition, numerous comparative studies 
have shown that the growth response of invasive alien plant species was greater than that of 
native species under elevated CO2 concentration (e.g. Baruch and Jackson, 2005; Dassonville et 
al., 2008; Raizada et al., 2009; Song et al., 2009).  Most importantly, this has been shown for 
some of the high impact invasive grasses invading northern Australia compared to native species 
in glasshouse trials.  This suggests that there could be competitive advantage to invasive grass 
species under future climate change scenarios, as well as altered fire regimes, which may also 
have negative implications for the native aquatic communities.  

 

FLOODPLAIN WEED AND CLIMATE CHANGE CONCEPTUAL MODEL  

Global change could exacerbate alien invasive species spread and impact as described above, 
however, other impacts of climate change may limit the spread of weeds in some habitats.  For 
example, rising sea levels caused by climate change will cause saltwater intrusion on coastal 
floodplain wetlands across northern Australia making these habitats unsuitable for freshwater 
weeds.  The interaction between these drivers on the floodplain environment is presented in 
Figure 192 (from Catford et al., unpubl. data). 

 

 
Figure 192.  Interaction between drivers of floodplain ecology. 
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An excellent example of interactive effects on wetland biodiversity can be seen from the Magpie 
goose (Anseranas semipalmata).  Magpie goose habitats are vulnerable to multiple threats 
including invasive species and climate change.  Aggressive aquatic weeds such as mimosa 
(Mimosa pigra), para grass (Urochloa mutica) and olive hymenachne (Hymenachne 
amplexicaulis) are increasingly threatening floodplain wetland habitat integrity.  Mimosa has 
already colonised over 1,400 km2 of NT coastal floodplains, suggesting that annual nest 
production may halve.  This may explain low observed nest numbers since 1999, despite several 
years of above average rainfall and river flow.  Mimosa now threatens the very survival of magpie 
geese in the NT because, without wetland habitat, they cannot exist, as demonstrated clearly by 
the disappearance of south‐eastern Australian populations in the last century. 

 

REVIEW OF EXISTING MODELS 

To assess the potential risk of a weed species within a defined area requires knowledge on both 
the likelihood of that species invading that area and the magnitude of the impact following 
invasion.  There has been considerable research effort in the two decades on the development of 
modelling programs that predict the potential geographic range of a species.  The models use the 
association between the known occurrences of the species and the associated environmental 
variables to identify environmental conditions where the species can establish and survive.  The 
process is known by various names, including: species distribution modelling, habitat suitability 
modelling, pest risk mapping, climate matching, niche mapping, and predicting potential 
distributions (Pearson, 2007; Venette et al., 2010).  Essentially all aim for the same thing, that is, 
a model or process that produces a geographic extrapolation of the area suitable for invasion.  
The resulting map provides a powerful tool for environmental scientists and mangers, and is 
increasingly used in the field of weed management for many purposes including, exploring 
species-habitat relationships, comparing risk of invasion by a number of species, informing 
monitoring programs for highly vulnerable areas, or overlaying with areas of high asset value to 
assess impact and prioritise management (Venette et al., 2010).  

Numerous species distribution modeling approaches and have been described and compared by 
various researchers (e.g. Guisan and Zimmermann, 2000; Pearson, 2007; Elith et al., 2006).  
Some species distribution modeling approaches are statistical (e.g. boosted regression tree 
(BRT), generalized linear models (GLMs)), whilst other approaches are based on machine-
learning techniques (e.g., maximum entropy (Maxent)).  The choice of model algorithm is 
dependent on the type of species observation data that is available (presence only or 
presence/absence), the ability of the algorithm to incorporate categorical environmental data, and 
the userʼs requirement for understanding the relative influence of different input variables on the 
modelʼs predictive capacity.  The various approaches and modeling software available to 
undertake them are outlined in recent reviews (Franklin, 2009; Pearson, 2007; Vinette et al., 
2010). 

In northern Australia, species distribution modeling has been undertaken to predict the potential 
distribution of floodplain exotic grasses at the regional and catchment scale.  Wearne et al. (2012) 
compared the potential distribution of Hymenachne amplexicaulis (olive hymenachne) at the 
national scale using different modeling algorithms (Climatch, Climex, BRT, Maxent), and 
ensembles of the model outputs.  The outputs were used to predict catchments at high risk of 
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invasion and recommended as high priority for management of this Weed of National 
Significance.  Ferdinands (2007) completed the first example of spatially explicit weed risk 
assessment in northern Australia by linking the habitat suitability map of Urochloa mutica (para 
grass) to a plant spread model in the Mary River Catchment (NT).  The research predicted areas 
of potential invasion and the potential time scale of the invasion process.  Researchers at Charles 
Darwin University adopted a similar approach to predict the area and time frame of invasion of the 
Magela Creek floodplain (Kakadu National Park, NT) by para grass (Petty et al., in prep).  The 
prediction maps were overlaid on maps of cultural and biodiversity assets to prioritise 
management areas.  The TRaCK/NERP North Australian Hub researchers are applying these 
approaches to predict the potential areas of invasion, and the time frame of the invasion process, 
of both olive hymenachne and para grass across all major floodplains in Kakadu N.P.  The 
predictive maps will underpin models simulating management actions to evaluate the cost and 
effectiveness of management scenarios to protecting key environmental and cultural assets.  

There has been increasing interest in the use of species distribution models to predict changes in 
the potential area of invasion under changed climate (Kriticos et al., 2003; Guissan and Thuiller, 
2005; Jenchke and Strayer, 2008), although the methodologies to do this are still being developed 
(Franklin, 2009) and are subject to criticism as some fundamental assumptions are violated (e.g. 
the species is at equilibrium with the environment) (Franklin, 2009; Pearson and Dawson, 2003, 
Venette et al., 2010).  However, this is an area of increasing research, which may provide insights 
into environmental factors influencing invasion.  The potential in northern Australia is primarily 
within continental scale assessments as there is limited information to develop 
regional/subregional climate change scenarios, and for most species, little empirical data on the 
other environmental factors affecting establishment.  

 

5.8 ECOLOGICAL CONSEQUENCES OF CHANGING 
INTERMITTENT STREAMS INTO PERENNIAL SYSTEMS IN 
NORTHERN AUSTRALIA 

5.8.1 BACKGROUND 
Maintenance of natural flow regimes is thought to be integral to conserving biodiversity and 
ecological functioning of rivers and streams (Poff et al., 1997; Bunn and Arthington, 2002).  
Critical components of this natural flow regime include the magnitude, frequency, duration, timing 
and rate of change of flows.  Altering these components of natural flow is likely to lead to changes 
to habitat availability and the creation of different conditions to which native biota may be poorly 
adapted.  Although there have been previous attempts to quantify the relationship between flow 
alteration and ecological change (Lloyd et al., 2003; Poff et al., 2010) a lack of control sites for 
ʻunalteredʼ conditions and inconsistency in the measurement of flow modifications have made this 
task difficult.  Nevertheless, these authors have found that between 86% (Lloyd et al., 2003) and 
92% (Poff and Zimmerman, 2010) of studies examined have reported negative ecological 
changes in response to flow alteration, with fish being identified as particularly sensitive. 
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While a loss of species richness and diversity could be expected in cases where naturally 
perennial systems have become intermittent, the impact of turning naturally intermittent or 
ephemeral streams into perennial systems is less well understood.  One of the potential impacts 
could include the loss of temporary water specialist species from these systems (Williams and 
Hynes, 1977; Boulton and lake, 1992; Dudgeon, 1992; Williams, 1996).  However, studies in 
Victoria, Australia (Clarke et al., 2010) and Alabama, USA (Feminella, 1996) have found 
macroinvertebrate community structure in intermittent streams to differ very little from nearby 
permanent streams, suggesting that this might not be a major issue.  Impacts on riparian 
vegetation and the spread of introduced species are likely to be more significant.  Using 
photographs to document change, Start and Handasyde (2002) found that the permanent 
presence of water in the lower reaches of the once-seasonal Ord River in Western Australia has 
resulted in the extensive development of emergent aquatic and fringing woodland communities 
(notably, Typha domingensis and Phragmites karka) in the riparian zone of this river system.  
Before 1973, T. domingensis was relatively rare.  In their review of the impact of altered flow 
regimes on biodiversity, Bunn and Arthington (2002) refer to an example of a Norwegian river, 
which is subject to excessive growth of submerged aquatic macrophytes due to river regulation by 
hydropower stations.  These authors also mention that the loss of wet-dry cycles in floodplain 
wetlands can favour introduced species see also Section 5.7), encouraging the invasion of Typha 
species and the introduced water hyacinth (Eichhornia crassipes). 

Three case studies exist in northern Australia where naturally seasonally dry systems have 
become perennial in nature.  These systems thus lend themselves to an investigation of the 
impacts of turning what were once naturally intermittent streams and rivers into systems that now 
contain permanent water.  In the case of the Ord River in Western Australia, the construction of 
dams and subsequent controlled releases of water have resulted in the seasonally dry river bed 
being converted into one that now flows permanently (Start and Handasyde, 2002).  The Walsh 
River, a major tributary of the Mitchell River in north Queensland receives water from the nearby 
Barron River by means of the Mareeba-Dimbulah Water Supply Scheme (MDWSS).  As a 
consequence, once-naturally intermittent creeks in this river system have become perennial due 
to the presence of this irrigation water.  Similarly, the lower Burdekin River in northern 
Queensland has elevated dry season flows due to releases of water from the Burdekin Falls Dam 
for irrigation purposes.  In all three cases, these systems have been identified by Kennard et al 
(2010) in a classification system based on natural flow regimes as largely belonging to either the 
“predictable summer highly intermittent” class 10 (Walsh and Ord Rivers) or the “unpredictable 
intermittent” class 7 (Burdekin River).  Following flow alteration, many parts of these systems 
could be re-classified from these classes characterised by intermittent flow to ones which are 
characterised by the permanent presence of water (e.g. class 3, “stable summer baseflow”). 

Based on both unpublished reports and published papers, this section aims to provide both a 
ʻqualitativeʼ, or narrative summary and a quantitative assessment of the impacts of changing 
previously intermittent streams in the Ord, Walsh-Mitchell and Burdekin River systems into 
perennial systems.  It focuses on the impact on three components of the biodiversity of these 
three systems; aquatic invertebrates, fish and riparian vegetation.  To see whether there is any 
evidence for a loss of temporary water specialists in the now perennial tributaries of these rivers, 
we use existing ecological data to statistically compare macroinvertebrate and fish community 
structure among ʻcontrolʼ or unaltered sites (not impacted by irrigation or dam water releases) and 
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altered sites (impacted by irrigation and tail water runoff and dam releases) in the Ord and Walsh 
Rivers.  Finally, we use existing data to compare riparian condition in regulated (flow 
supplemented) and unregulated (no flow supplementation) subcatchments of the Burdekin River. 

 

5.8.2 STUDY SITES 
This study focuses on three systems in northern Australia that are known to have disturbed 
hydrological regimes, which have resulted in perennial flow in previously intermittent creeks. 

 

ORD RIVER 

The Ord River, located predominantly in the state of Western Australia with some tributaries rising 
in the Northern Territory, drains a catchment of approximately 50,000 km2, and discharges into 
the Cambridge Gulf.  Before the construction of dams in 1963 and 1973 (the Kununurra Diversion 
Dam (KDD) and the Ord River Dam (ORD; Lake Argyle)), monsoonal rainfall patterns, with falls 
occurring largely between November and March, resulted in the cessation of flow in the ʻdryʼ 
season.  During this period, the river channel formed a series of isolated pools.  However, after 
the construction of Lake Argyle, controlled release of water from this impoundment to maintain a 
constant level of water in the diversion dam constructed in 1963 at Bandicoot Bar has ensured the 
permanent presence of water in the lower reaches of the system.  At present, approximately 10% 
of the catchment is influenced by regulated flows from these structures.  Key changes to patterns 
of flow in the Ord River include a reduction in mean annual discharge, a reduction in flood peaks, 
an increase in dry-season flows, and delayed onset of flows associated with the wet-season 
(Trayler et al., 2003; Braimbridge and Malseed, 2007).  In wet years, flow modification also results 
in an extended period of wet season flows.  Mean annual discharge of the Ord River has reduced 
from an estimated 4,00GL pre-regulation, to approximately 2,500GL since regulation (Rodgers 
and Ruprecht, date unknown).  The lower reaches of the Ord River, downstream of the KDD, now 
receive constant flows in the dry-season. 

 

UPPER MITCHELL AND WALSH RIVERS 

The Walsh River, a naturally intermittent (DNRM 2001) system is a major tributary of the Mitchell 
River in north Queensland.  The upper Mitchell and Walsh River catchments are tropical and 
monsoonal, with 95% of rainfall occurring from November to April.  The months of June through to 
September are generally very dry, with little rainfall occurring during this period (Ryan et al., 
2002).  Water flow in the Mitchell River is more consistent than flows in the Walsh River, with 
median flows of 587 ML/day being recorded in the lower Mitchell (OK Bridge site) (Ryan et al., 
2002).  Water from Tinaroo Falls Dam on the Barron River is fed directly into the Walsh 
catchment irrigation area via the Walsh Bluff Main Channel, South Walsh Main Channel and the 
West Barron Main Channel.  Three streams in the Walsh River are also supplemented by 
Mareeba-Dimbulah Water Supply Scheme (MDWSS) irrigation water; Murphyʼs Creek, Eureka 
Creek and the upper parts of the Walsh River.  Two Mile Creek in the upper Mitchell River 
catchment is supplemented by both irrigation tail water disposal and sewage treatment plant 
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discharge.  Once subjected to intermittent dry and wet cycles, this creek now flows perennially 
due to irrigation requirements and sewage flow (Ryan et al., 2002).  Spring and Boyle Creeks also 
receive MDWSS irrigation water, and Rifle Creek has been identified as being under increasing 
pressure from the impacts of irrigation.  An examination of flow duration percentiles for zero flows 
at selected sites (e.g. Flatrock) along the Walsh River indicates that the flow regime of parts of the 
Walsh River have become perennial as a consequence of water supplementation (DNRM 2001).   

 

BURDEKIN RIVER 

The Burdekin River and Haughton River/Barrata Creek systems, located in north east 
Queensland, together drain a combined area of approximately 134050 km2.  The main tributaries 
of the Burdekin include the Clarke, Basalt, Star, Fanning and Running rivers in the upper 
catchment, along with the ephemeral Cape and Suttor-Belyando systems, and the Bowen and 
Broken Rivers.  This tropical semi-arid region experiences a warm, sub-humid to semi-arid 
climate with a distinct wet summer and warm dry winter periods leading to highly variable rainfall.  
Much of the catchment receives an annual rainfall of less than 700 mm, with over 80% occurring 
during the summer months (Dowe et al., 2004).  Some sections of the Burdekin River have been 
highly modified by water resource development, with the Burdekin Falls Dam, one of the largest 
dams in Queensland, exerting the greatest influence.  In addition to changing flow regimes in 
many downstream channels from intermittent or ephemeral to perennial, this dam also ponds 
water some 50 km up the Burdekin River (Young et al., 2006).  Dry season flows in the lower 
Burdekin River have become elevated due to dam water releases for irrigation downstream, and 
as a result of this, the lower Burdekin subcatchment has undergone the most significant 
environmental changes of all of the Burdekin River subcatchments.  The Eungella Dam on the 
upper reaches of the Broken River has also led to significant changes in the hydrology of this 
tributary, including a reduction in frequency of high flow events.   

 

5.8.3 APPROACH 

DATA AVAILABILITY 

Although data collected in a before-after-control-impact design would have been preferable for the 
quantitative analyses, these were not available for the systems studied.  Existing ecological data 
were sourced from a variety of unpublished reports and investigations.  For the Walsh River, 
macroinvertebrate data (identified to family level) for 34 samples collected in October-November 
2006 were obtained from Butler et al. (2008) and data for additional sites were accessed from the 
State of Queensland (Department of Environment and Resource Management) (Digital AQEIS 
Data supplied 26 October 2011, licence SSL_2011_3554).  Fish data were sourced from Ryan et 
al. (2002).  These authors conducted fish surveys using electrofishing on four separate occasions 
(following the 1998/1997 wet season, before the 1997/1998 wet season, following the 1997/1998 
wet season and before the 1998/1999 wet season).     

For the Ord River and nearby unregulated catchments, this review relies on four data sets:  (i) 
previous work undertaken for the Ord River Environmental Flows Initiative which investigated 
differences in macroinvertebrate and fish assemblages between regulated (Ord River) and nearby 
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unregulated catchments (Dunham, Keep, Pentecost rivers) (Trayler et al., 2003), (ii) data from 
similar sites on the Ord River collected as part of a fish habitat survey (Storey, 2003), (iii) data 
from Morgan et al. (2002) for the Fitzroy River, and (iv) recent sampling undertaken on the Fitzroy 
River as part of the National Water Commissions trial of the Framework for Assessing River and 
Wetland Health (Dixon et al., 2010).  It is important to realize that these datasets were compiled 
based on different sampling techniques and from different years of sampling.  Data from Trayler 
et al. (2003) were collected using a combination of multi-panel gill nets, bait traps, rod and reel 
and sweep net.  Storey (2003) sampled fish from a variety of deep water and shallow water 
habitats at similar sites used by Trayler et al. (2003).  Fish were collected using a variety of 
techniques including beach seines, multi-panel gill nets and baited long-lines.  Data from the 
Fitzroy River were collected using boat-mounted electrofishing (Dixon et al., 2010), a variety of 
netting and visual census techniques (Morgan, 2002).  Considering the differences in sample 
collection, all data used in this analysis has been transformed to presence-absence data.  

Data on condition of riparian vegetation was sourced for the Burdekin River and Haughton 
River/Barratta Creek catchments from Dowe (2004), who assessed the condition of riparian 
vegetation at 207 sites between November 2003 and December 2004 using the Tropical Rapid 
Appraisal of Riparian Condition (TRARC) methodology (see Dowe et al. 2004).  The TRARC is a 
rapid appraisal method that scores a number of simple vegetation attributes (vegetation cover, 
woody debris, weediness, native regeneration and disturbance) to provide an overall score for 
condition of the riparian vegetation.  These data were grouped according to the main 
subcatchments in the Burdekin River catchment.  Subcatchments not impacted by water 
supplementation included (i) the Upper and Central Burdekin, (ii) the Belyando-Suttor system and 
(iii) Cape-Campaspe, whilst subcatchments impacted by water regulation and/or supplementation 
included (i) Bowen-Broken and (ii) the Lower Burdekin and Haughton River-Barratta Creek.   

 

STATISTICAL ANALYSES 

To investigate the impact of regulation of flow on fish communities, we investigated difference in 
assemblage structure based on presence-absence data collected from the regulated reaches of 
the lower Ord River and nearby unregulated rivers; the Keep, Pentecost, Dunham and Fitzroy 
rivers.  Presence-absence data was ordinated (Bray-Curtis similarity matrix) using non-metric 
multidimensional scaling in PRIMER v6.  Differences in assemblage structure among regulated 
and unregulated rivers were examined using PERMANOVA with significant difference set at p≤ 
0.05. Similarity Percentages (SIMPER) were used to determine the species contributing most to 
the dissimilarity between rivers. 

For a comparison of macroinvertebrate community structure among regulated and unregulated 
tributaries of the upper Mitchell and Walsh Rivers, data from 18 sites sampled at 12 different first- 
and second-order tributaries were used to conduct a multidimensional scaling (MDS) analysis.  
Four categories of sites were compared, (i) Walsh River tributaries impacted by irrigation water 
supplementation (four sites), (ii) Walsh River tributaries not impacted by water supplementation 
and thus considered to have remained seasonally intermittent (six sites), (iii) Mitchell River 
tributaries impacted by irrigated water supplementation (four sites), and (iv) Mitchell River 
tributaries not impacted by water supplementation (four sites).  Following log-transformation to 
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stabilise variances, differences in univariate response variables of community richness and 
diversity were analysed using ANOVA and Studentʼs t-tests.   

 

5.8.4 IMPACT OF FLOW REGULATION 

CHANGES IN MACROINVERTEBRATE COMMUNITY STRUCTURE 

Despite fears that temporary water specialist species could be lost from naturally intermittent 
rivers impacted by water supplementation (e.g. Williams, 1996), our investigation of water-
supplemented tributaries of the Walsh and upper Mitchell Rivers showed that there is little 
evidence of a significant loss of temporary water macroinvertebrate specialists in this system.  A 
total of 128 different macroinvertebrate taxa (mostly identified to family level) were recorded from 
the tributaries of the Walsh and Mitchell Rivers, with any one site having between 15 (Two Mile 
Creek, Mitchell River) and 71 taxa (Cattle Creek, Walsh River).  The mean number of taxa 
(ranging from 35.67 to 52.75) did not differ significantly among categories of sites (ANOVA, df = 
17, p = 0.495).  When categories of sites were compared based on their community assemblages 
using MDS (Figure 193), these showed some significant differentiation, albeit that this was only 
weakly supported statistically (ANOSIM, Global R = 0.179, p = 0.049).  In pairwise comparisons 
between the categories of sites, only Walsh River regulated (impacted by water supplementation) 
and unregulated (not impacted by water supplementation) sites were significantly different 
(ANOSIM, R = 0.375, p = 0.033).  This could be attributed to high abundance of taxa such as 
Culicidae, Acaridae, Libellulidae, and Tanypodinae at unregulated sites; these taxa were either 
absent, or occurred at lower abundances at regulated sites.  Although there was evidence of 
lower abundances of some taxa at regulated versus unregulated sites, there was very little 
evidence of a loss of temporary water specialist species from regulated tributaries.  For example, 
of the 66 taxa which contributed to 90% of the dissimilarity between the regulated and 
unregulated tributaries of the Walsh River, only three (Culicidae, Atyidae and Hebridae) were 
present at unregulated sites but absent at regulated sites.   

Our analysis of macroinvertebrate community structure in the Walsh River system thus did not 
support the notion that turning what were once intermittent systems into perennial systems will 
lead to a significant loss of temporary water invertebrate species from rivers in northern Australia.  
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Figure 193.  Ordination of macroinvertebrate presence/absence for regulated and 

unregulated reaches of the Walsh and Mitchell Rivers.   

 

CHANGES IN FISH COMMUNITY STRUCTURE 

Potential impacts of flow supplementation on fish communities include habitat changes as a result 
of the scouring of sediment, changes to the aquatic invertebrate food base, loss of suitable 
spawning and larval rearing habitat normally associated with low flows, the introduction of exotic 
species, translocation and mixing of distinct genetic stocks and increases in the presence of 
larger predatory fish which would be favoured by the increased water availability (DNRM, 2001).  
It is likely that many of these impacts will result in changes to community structure in previously 
intermittent systems.  For example, supplementation of parts of the Burdekin River catchment 
may decreased the suitability of this system for those fish species that spawn in the dry season 
and that require low flows for larval production (Pusey, pers. comm.).  

In this study, we have compared fish community structure among regulated sites along the Ord 
River and nearby unregulated reaches of river systems in northern Western Australia.  The results 
of a MDS analysis (Figure 194) showed clear separation of Fitzroy River assemblages from those 
in each of the other catchments studied (Ord, Dunham, Keep and Pentecost Rivers).  A 
PERMANOVA analysis confirmed highly significant separation (p ≤ 0.0001) with significant 
differences among all river pairs with the exception of the Ord and Dunham rivers (Table 47). 

Category
Mitchell R regulated tributary

Mitchell R unregulated tributary

Walsh R regulated tributary

Walsh R unregulated tributary

Eureka Ck

Two Mile Ck

Two Mile Ck

Dingo Ck

Cattle Ck

Bushy Ck

Fossil Ck

Two Mile Ck

Mary Ck

Rifle Ck

Elizabeth Ck

McLeod R

Chillagoe CkChillagoe Ck

Cattle Ck

Chillagoe Ck

Leadingham Ck

Elizabeth Ck

2D Stress: 0.13
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Figure 194.  Ordination of fish presence/absence for the regulated lower Ord River and the 

unregulated Keep, Dunham, Pentecost and Fitzroy rivers. 

 
Table 47.  Results of PERMANOVA for average similarity within groups (bold) and between 

pairwise groups.  Levels of significance; *** p< 0.001; ** p< 0.01, * p<0.05. 
    Ord Dunham   Keep Pentecost Fitzroy 
Ord 74.685                                 
Dunham 77.298 83.613                          
Keep 63.302*** 65.502* 73.813                   
Pentecost 69.157** 73.311* 63.779*    74.368        
Fitzroy 41.939*** 46.219*** 48.102*** 37.599***  57.307 

 

The Ordination and PERMANOVA analysis highlight several interesting results.  First, the most 
significant differences in fish assemblages were between the Fitzroy River and all other rivers.  
SIMPER indicated that these differences were influenced by the absence of Syncomistes butleri, 
Liza alata, Toxotes chatereus and Arius midgley and the presence of Toxotes kimberleynsis in the 
Fitzroy River. Based on a recent review of freshwater fishes in the Kimberley region (Morgan et 
al., 2011) the presence or absence of these species is due to species distributions rather than any 
hydrological influence.  

Given the above finding, it is more appropriate to investigate differences in assemblage structure 
among the Ord, Keep, Penetecost and Dunham Rivers.  These rivers are geographically relatively 
close to one another and share a greater number of common species likely to have been 
collected in the datasets used in this analysis.  Interestingly, fish assemblages recorded from the 
Ord and Dunham rivers were not significantly different.  This is not necessarily surprising as the 
Dunham River is a tributary of the lower Ord River.  Moreover, the confluence of these two 
waterways is upstream of the Ord River sites from which data is used in this analysis.  
Consequently, we would expect that assemblages in these rivers are likely to be more similar to 
one another than to those in the Keep and Pentecost rivers that drain separate catchments.  
Furthermore, considering the Dunham-Ord river confluence is upstream of the Ord River reach 

River
Ord
Dunham
Keep
Pentecost
Fitzroy

2D Stress: 0.17
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impacted by perennial flows, it would be reasonable to expect that assemblages in the Dunham 
River may also be impacted by flow alteration, particularly for migratory species that would have 
to migrate through the regulated lower Ord River.  Considering these issues, interpretation of 
differences in the presence-absence of species between these two rivers is difficult. 

In contrast, significant differences in community structure of fish among the Ord and the 
Pentecost and Keep rivers were identified (Table 47).  SIMPER indicated that differences 
between the Ord and Keep rivers were influenced by the presence of Amniataba percoides, Arius 
midgleyi, Syncomistes buttleri, Parramabssis gulliveri and the absence of Neosiluris ater from the 
Ord River.  These results however are not indicative of other studies that have shown all but S. 
buttleri to be present in the both river systems (Larson et al., 1994).  Syncomistes buttleri appears 
to be restricted to the north east Kimberley including the Ord, Pentecost, Drysdale and Carson 
Rivers (Morgan et al., 2011) and therefore its absence from the Keep River is based on species 
geographical distribution rather than any effect of hydrological alteration. 

SIMPER indicated that differences between the Ord and Pentecost rivers were influenced by the 
presence of Neosiluris Hyrtlli, Strongylura krefftii, Parramabssis gulliveri, Glossomia aprion, and 
the absence of Neosiluris pseudospinosus and Anguila bicolour from the Ord River. Neosiluris 
pseudospinosus typically inhabits headwater reaches of Kimberley rivers.  Although it is known to 
occur in the Ord River, its distribution appears to be naturally restricted to habitats upstream of 
Lake Argyle (Morgan et al., 2011).  Anguila bicolour was also absent from the Ord River, 
however, the distribution of this species is known to be sporadic and has been collected from the 
Ord River in previous samples (Morgan et al., 2011).  Parramabssis gulliveri is only known from 
the Ord River (in the Kimberley) (Morgan et al., 2011) so its absence from the Pentecost is 
probably due to its restricted distribution.  Although thought to be reasonably widespread, 
Strongylura krefftii has only been recorded from the Fitzroy, Carson and Ord rivers.  This species 
also occurs in relatively low numbers and its absence from the Pentecost River is therefore not 
unexpected.  Although absent in the datasets used in this analysis, both Neosiluris hyrtlii and 
Glosomia aprion are both known from the Pentecost River. 

Although the analysis described here identified differences in the fish assemblages among the 
regulated Ord river and other unregulated systems, most of these differences can be explained by 
species distributions.  All other species that were absent from assemblages have been previously 
recorded in those river systems.  The lack of evidence of any effect on fish assemblages of flow 
regulation in the Ord is consistent with previous observations of no differences in species 
richness, abundance or biomass between the Ord and nearby unregulated rivers (Trayler et al., 
2003).   

Nonetheless, this previous study identified a number of small species, and young of large species 
usually associated with the estuary and not normally found in the higher reaches of the 
unregulated rivers.  The collection of these species in the regulated reaches of the lower Ord was 
attributed to elevated dry season flows increasing accessibility of riverine habitats by estuarine 
species.  Futhermore, this previous study also identified the average size of fish was greater in 
the lower Ord River compared with those found in the unregulated rivers.  Those species included 
Amniataba perciodes, Arius midgleyi, Lates calcarifer, Liza Alata, Parambassis gulliveri, 
Syncomistes butleri and Toxotes chatareus.  The larger size of fish in the Ord River was attributed 
to higher habitat diversity and greater water depth during the dry season. 
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IMPACTS ON RIPARIAN VEGETATION COMMUNITY STRUCTURE AND CONDITION 

Flow supplementation in naturally intermittent or ephemeral systems results in an increase in 
locally available surface water and wetted perimeter, a scenario, which is likely to favour 
increased growth of mesic plants, including exotic species that require moist conditions.  If this 
was to occur on a large scale, significant changes in riparian community structure and condition 
could be expected to occur along river reaches subject to water supplementation.   

Investigation of the impacts of water supplementation on riparian community structure in the three 
systems studied has revealed mixed results, confirming that it is difficult to determine what 
degradation of the riparian zone has occurred as a result of flow supplementation in comparison 
with other factors such as poor land management and nutrient enrichment (see comments by 
Werren,2002).  When the number of annual riparian vegetation species occurring at lower Ord 
River sites was compared to the number occurring at sites associated with unregulated river 
systems (Keep, Dunham and Pentecost Rivers), Trayler et al. (2003) found significantly fewer 
annual species at regulated sites than at unregulated sites.  It is likely that regular flood events at 
unregulated rivers selects for a higher proportion of annual species which are able to complete 
their life cycles between flooding events.  Due to a loss of these more extreme flood events, the 
regulated lower Ord River appears to have experienced a shift in vegetation structure away from 
the presence of annuals.  Significant differences between regulated Ord River sites and 
unregulated sites in terms of native species richness and foliage cover for understorey species 
also lend support for the conclusion that regulation of previously intermittent rivers in northern 
Australia could lead to changes in riparian vegetation structure.   

Despite the observation that riparian vegetation in poor condition is concentrated along the lower 
Burdekin and along lower reaches of the Haughton River (Werren 2002), when riparian condition 
was compared among subcatchments in the Burdekin River catchment, overall riparian condition 
among these subcatchments did not differ significantly (ANOVA, p > 0.05) (Figure 195).  Although 
the flushing dynamics have been altered and dry season flows elevated due to dam water 
releases for irrigation in the lower Burdekin, Bowen-Broken and Haughton-Barratta 
subcatchments, our analysis showed that these subcatchments did not have riparian vegetation in 
any worse condition than that associated with subcatchments receiving no water 
supplementation.   
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Figure 195.  Mean TRARC scores for vegetation condition measured at multiple sites 

falling into six subcatchments in the Burdekin River system. 

 

MACROPHYTE AND WEED INFESTATION  

A common theme for all three systems reviewed has been the proliferation and spread of 
macrophytes and aquatic weeds, a phenomenon attributed to morphological changes to the river 
channel, the presence of permanent water and elevated nutrient levels.  For example, Two Mile 
Creek in the Mitchell River system, which receives irrigation water, is highly eutrophied, probably 
as a consequence of also receiving discharge from a local sewage treatment plant.  Two Mile 
Creek has become infested with paragrass (Brachiaria mutica) and hymanachne (Hymenachne 
amplexicaulis), and these weeds have been reported to be spreading downstream (DNRM, 2001).  
Although yet to be recorded from the Mitchell and Walsh Rivers, there is a real possibility that 
exotic pest species such as Cabomba caroliniana and the floating exotic Salvinia molesta, 
presently known from the Barron River could spread to these two river systems.  Elevated base 
flows in the Burdekin River has also resulted in the spread and proliferation of paragrass and 
hymenachne in this system and a reduction of high, or flushing flows in the lower parts of this river 
system has also led to greater abundances of salvinia, water hyacinth and water lettuce in these 
reaches (Werren, 2002).  The absence of annual drying, which would have prevented these weed 
species from establishing dense stands, is probably a major cause of this weed infestation. 

 

OTHER IMPACTS 

Although not classed as direct impacts of changing the hydrological characteristics of previously 
intermittent systems, operational procedures adopted in the supplementation of water flow can 
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also have unforeseen impacts on river systems.  For example, Butler et al. (2008) have 
suggested that the elevated copper concentrations they recorded in the Walsh River downstream 
of the incoming MDIA supplementation point could be coming from the irrigation supply.  In their 
study, these authors found that all sites that were receiving irrigation water had concentrations of 
filterable copper that exceeded ANZECC (2000) guidelines, and that these elevated copper levels 
were associated with significantly lower macroinvertebrate diversity.  While the source and 
ecological significance of these elevated levels of copper is unknown, it seems from ʻdiscussions 
with local stakeholders that copper has been introduced into the irrigation supply at times to 
control algal growthʼ (Butler et al., 2008, p26).   

One of the consequences of supplementing the Walsh River with irrigation water has been the 
decline in dry season salinity levels in regulated reaches (Butler et al., 2008).  Dilution by low 
salinity water from Tinaroo Dam and a reduction in evapo-concentration rates is thought to have 
resulted in these lower salinity levels.   

 

5.8.5 SUMMARY 
The most significant impact of water supplementation of naturally intermittent waterways in 
northern Australia appears to be the proliferation and spread of aquatic weeds and macrophytes.  
Although fears have been expressed that water supplementation and regulation could lead to the 
loss of temporary water invertebrate and fish species, there is little evidence that this has 
occurred in the Ord, Walsh and Burdekin Rivers.  However, it is possible that the presence of 
permanent water and deeper pools could facilitate the movement of estuarine fish species further 
upstream. 

 

5.9 RELATIONSHIP BETWEEN WATER ASSETS AND 
ASSOCIATED CULTURAL AND SOCIAL VALUES 

The ecological, social and cultural values of Australiaʼs Northern Rivers was the focus of the 
Northern Australia Land and Water Taskforce (NALWT) and its efforts to establish a better 
understanding of the opportunities for new sustainable economic development in the north based 
on water resource availability.  In the final report it was noted that very few rivers in this region 
flow year-round and those that do are highly valued: 

ʻThe hydrological connectivity of northern Australiaʼs freshwater river systems needs to be 
maintained because] they support complex and healthy ecosystems. The people who live in the 
north also have enduring historical, social and cultural connections to them. These are freshwater 
systems of national significanceʼ (NALWT 2009, 9). 

It is therefore not surprising that one of the key recommendations of the NALWT was for 
Australian governments to: 
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Significantly increase investment in social, cultural and economic analysis to support the 
assessment of competing values and uses for land and water use planning, catchment level 
water planning and local decision-making (NALWT, 2009, 9). 

This requires knowledge of the key relationships between water assets and associated cultural 
and social values.  To address this need, we conducted a desktop review (grey and white 
literature) of the relationship between water assets and associated cultural and social values 
across the NAWFA region this review drew on publicly available reports, including: 

 

• reports commissioned by the Northern Australia Land and Water Taskforce 
(http://www.nalwt.gov.au/) and the National Water Commission; 

• the review of research examining social and cultural relationships completed by Robinson et 
al. (2009a) (http://www.environment.gov.au/water/publications/action/pubs/nawfa-cultural-
values-report.pdf); 

• reports and the body of research conducted for the Northern Australia Land and Water 
Science Review (http://www.nalwt.gov.au/); 

• reports of research conducted for Tropical Rivers and Coastal Knowledge 
(http://www.track.gov.au); and 

• research undertaken for the Tropical Savannas CRC 
(http://savanna.cdu.edu.au/publications/nrm_planning.html).  

 

The findings of this review were discussed at NAWFA project workshops where a preliminary 
assessment of key pathways and thresholds to sustain the values of Northern Rivers was 
undertaken. 

 

5.9.1 DEFINITION OF VALUES  
The aquatic ecosystems of Northern Australia are of social, economic and cultural significance to 
Indigenous and non-Indigenous people (see Chapter Two).  As summarised in Robinson et al. 
(2009a), values may be broadly defined as the ʻgoals a person selects to organise meaning in his 
or her lifeʼ (Veroff, 1983, xiii).  Values shape, and are shaped by, the complex problems a person 
must continuously adapt to in life, and the settings in which adaptation takes place (Veroff, 1983, 
xvii).  According to this understanding, values are generated by interactions between humans and 
their environment, but exist in a state of flux, influenced by the dynamics of social experiences 
and interactions (Braithwaite and Scott, 1991).  Values are therefore an endogenous property of 
any planning process in which social groups seek to define what is important, and what deserves 
recognition.  It follows that, in such planning contexts, we should expect contestation over the 
definition of what is ʻvaluableʼ (Strang, 2005). 

From a review of water research and management activities across Australia, Robinson et al. 
(2009a) identified the following categories for socio-cultural values in the context of water: 
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• Values that exist independently of direct human uses (e.g. bequest values); 

• Waterʼs humanitarian value as a fundamental requirement of all life (e.g. for town water 
supply); 

• The aesthetic and recreational values that rivers provide to residents and domestic and 
international tourists; 

• The production value of water extracted for industries such as agriculture and mining; 

• The conservation significance of tropical rivers, particularly their promotion of biodiversity;  

• The value of cultural group associations with rivers and water in forming identity and 
generating a sense of well-being and belonging.  

 

Values exist for both permanent and ephemeral water-based ecosystems, and include the 
regionʼs diverse riparian areas and wetland types, as well as its groundwater systems (Yu, 2003).  
Wetlands, in particular, form a critical node of multiple water values and for collaborative water 
management efforts (Robinson et al., 2009a; Finn and Jackson, 2011). 

 

5.9.2 ECOSYSTEM SERVICE ATTRIBUTES OF NORTHERN AUSTRALIAN RIVERS 
Ecosystem services are defined by the MEA as ʻthe benefits people obtain from ecosystemsʼ 
(Millennium Ecosystem Assessment 2005).  The ʻecosystem services approachʼ has been 
presented as a framework to define and analyse the linkages and dependencies between natural 
and human systems by making explicit the direct and indirect benefits that humans derive from 
natural capital (Turner and Daily 2008; see also Chapter Seven, Section 7.2).  The MEA suggests 
dividing ecosystem services into four categories: 

 

• 1. Provisioning services provide goods (food, fresh water, genetic materials, fuel) for 
direct human use. 

• 2. Regulating services maintain a world in which it is biologically possible for people to 
live (e.g. water purification and water, climate, erosion and natural hazard regulation). 

• 3. Cultural services make the world a place in which people want to live (aesthetic, 
spiritual, recreational and educational). 

• 4. Supporting services are the underlying ecosystem processes (e.g. soil formation, 
nutrient cycling) that produce the direct services outlined above. 

 

It thereby incorporates a human dimension by making explicit the direct and indirect benefits that 
people derive from natural capital, an approach that moves beyond traditional definitions of 
ecological assets based on bio-physical function and structure. 
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In Northern Australia, the ecosystem services framework has been widely used to identify 
hydrological processes that are fundamental to both human well-being and the maintenance of 
aquatic assets (Australian Tropical Rivers Group 2004, Straton and Zander 2009).  Here, we have 
summarised the findings of previous research on ecosystem services for several catchments in 
the NAWFA region (Table 48 - Table 50). 

 
Table 48.  Some Ecosystem Services identified in the Daly and Alligator Rivers, Northern 

Territory. 
Ecosystem 
Service 

Type of values Details of values & locales 
identified and defined by research 
studies 

Key Source 

Provisioning Indigenous – 
use values of 
aquatic species  

Daly River catchment – Land and 
water used for livelihoods (harvesting 
food). 
High priority replacement value 
species includes long-necked turtle, 
short-necked turtle, barramundi, black 
bream and magpie geese 

 
NALWSR 
2009 
Finn & 
Jackson 
2011 

 Indigenous – 
economic 
development 

Places for tourism (use and 
management of Nitmiluk NP – 
Katherine Gorge; Douglas Hot 
Springs) 

NALWSR 
2009 

 Primary 
production  

Mining, pastoral, tourism, agriculture 
(cattle for live export), horticulture, 
timber production 

NALWSR 
2009 

 Water supply 
and storage 
(ground water) 

Tindall Aquifer (Katherine and 
Mataranka) 
Oolloo Aquifer 

 

Cultural  Indigenous – 
places and sites 
of significance 
 

Kakadu National Park 
 
High priority locales of spiritual 
significance concentrated at sacred 
sites  
 
Places and sites of significance used 
for ceremony and cultural purposes 

Robinson et 
al. 2005 
NALWSR 
2009 

 Recreational / 
aesthetic 
 

Scenic beauty, bush walking, wildlife 
plants, animals (e.g. crocodiles), 
boating and fishing  
 
Tourism hot spots include Katherine 
Gorge, Douglas-Daly River area, Daly 
River below the Daly Crossing, and 
other permanent waterholes and 
waterfalls 

Palmer 2004 
NALWSR 
2009 

 Education and 
training 

Australian Defence Forces activities 
Ecological and social scientific 
research 

NALWSR 
2009 
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Table 49. Some Ecosystem Services Identified in the Mitchell River Catchment, 
Queensland. 

Ecosystem 
Service 

Type of values Details of values & locales 
identified and defined by 
research studies 

Key Source 

Provisioning Indigenous use 
values of aquatic 
species  

 NALWSR 2009 

 Food Fisheries, including northern prawn, 
crab and finfish 

NALWSR 2009 

 Primary 
production 
(surface water) 

Irrigation (small-scale) 
Small mines 

NALWSR 2009 

 
 

Primary 
production 
(ground water) 

Pastoral production (native pastures 
– extensive grazing leases) 
Cropping and horticulture (sugar 
cane, coffee, peanuts, stone fruit, 
tropical fruits – Mareeba, Dimbulah) 

NALWSR 2009 

 Water supply and 
storage (surface 
water) 

Town water (Chillagoe, Mt. Malloy) 
Lake Tinaroo (Mareeba, Dimbulah) 
Southedge Dam (Lake Mitchell – 
unused) 
Small in-stream weirs 

NALWSR 2009 

 Drinking water 
(ground water) 

Kowanyama NALWSR 2009 

Cultural  
 

Indigenous 
places 
 

Cultural attachment to places of 
significance (watercourses, 
wetlands, waterholes – many 
undocumented) 

Strang 2005 
NALWSR 2009 

 Indigenous 
language 

7 indigenous language groups NALWSR 2009 

 
 
 

Recreational / 
aesthetic 
 

Recreational fishing estimated @ 
$14M/yr for region 
 
Ecotourism reliant on water quality 
and access 
 
Cultural attachment to water holes 
and places 

Greiner 2004b 
 
 
 
Greiner 2004a 
 
Strang 2005 

Supporting  Habitat for 
species / genetic 
diversity 

3 national parks 
3 State forests 
4 bioregions (Wet Tropics, 
Einasleigh Uplands, Gulf Plains and 
Cape York) – high biodiversity, 
unique vegetation communities 
(including mangroves, mudflats and 
Wetlands of National Significance) 
Critically endangered species 
(Northern Sawfish – upper reaches) 

NALWSR 2009 
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Table 50. Some Ecosystem Services Identified in the Fitzroy River, Western Australia. 
Ecosystem 
Service 

Type of values Example locale where water 
values and place have been 
identified and defined by research 
studies 

Key 
source(s) 

Provisioning Indigenous use  
and non-use 
values of aquatic 
species and 
locales 

A source of nutrition - Indigenous 
customary economies (particularly 
black bream, barramundi , catfish, 
swordfish, freshwater eels, 
freshwater turtle) in permanent 
waterholes, seasonal waterholes and 
soaks 

Yu 2006 
 
Toussaint et 
al. 2001 
 
Finn and 
Jackson 
2011 
 
 

 Indigenous water 
supply and use 

- Water sites near communities to 
have a wash  

 

 Town water 
supply 

Towns and settlements (e.g. Derby 
and Fitzroy Crossing)  

 

 Primary 
production 

 NALWSR 
2009 

Regulating  Indigenous 
governance  

Fishing activities – for custodianship, 
cultural and spiritual attachments, 
and for social cohesion 
 
Knowledge exchange and provision 
of resources for ceremony ʻwhere 
children learn about cultural life from 
adultsʼ; an integral part of their rights 
and responsibilities to look after their 
ʻcountry 

Toussaint et 
al. 2001, 
particularly 
page 48-57) 

Cultural  Recreational, 
tourism 
 

Fitzroy River – High eco-tourism 
potential (particularly Gorges and 
waterfalls) 
 
Tourism and recreational fishing 
largely dependent on natural flow of 
water 
  

Beckwith and 
Associates 
1999 
Greiner et al. 
2005 
Stoeckl et al. 
2006 
Clark et al. 
2009 

 

This research has also identified the interdependence of social-cultural values on perennial 
streams (focal places).  A small but growing body of research highlights that many of these 
aquatic ecosystems are recognised for many related ecosystem services that are of national and 
international as well as local significance (Woinarski et al., 2007). 

 

5.9.3 SUMMARY 
The review of some of the ecosystem services associated with Australiaʼs Northern Rivers 
summarised above highlights that: 

 

• perennial rivers are particularly important for Indigenous, recreation and tourism values; 
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• rivers near human settlements are valued by local residents as a place to relax and enjoy 
the aesthetics; 

• the high biodiversity of Northern Rivers is valued by non-residents (cf. Stoeckl et al. 2006, 
Straton and Zander 2009). 
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 CONCEPTUAL MODELS OF CHAPTER 6
HYDROLOGICAL LINKAGES TO ECOLOGICAL, 
SOCIAL AND CULTURAL VALUES   
 

6.1 INTRODUCTION 

This Chapter aims to integrate knowledge on hydrological regimes (see Chapter Three) and 
ecological processes (see Chapter Five) and identify critical relationships between hydrology and 
ecological, social and cultural values and where possible flow thresholds.  

 

6.1.1 KEY ECOLOGICAL FLOW LINKS AND THRESHOLDS 
Northern Australiaʼs tropical rivers are characterised by a distinctive seasonal pattern of flow; the 
majority of rainfall occurs during the wet season, whilst low flows, often interrupted by lengthy 
periods of zero flow, occur during the dry season (Warfe et al., 2011; Petheram et al., 2009a; 
McJannet et al., 2009, and references therein).  Rivers of this region are also characterised by the 
large interannual variability in flow, a high variability in the period of floodplain inundation, and the 
degree of flow cessation or intermittency in the dry season (Warfe et al., 2011).  This strong 
hydrological seasonality is a key factor determining ecosystem structure and processes in 
northern Australia.  It is suggested that four key features of the annual flow regime underpin the 
structure and function of tropical river systems:  i) peak wet season flows and their variability, ii) 
the drawdown period of flows and flood residence times during the wet to the dry transition, iii) low 
and disconnected flows during the dry season, and iv) the initial flushing flows during the dry to 
wet transition (Figure 196). 

Wet season floods and their interannual variability determine the structure of channels and 
floodplains, regulate primary productivity, and provide connectivity across the landscape for the 
transport of nutrients, sediments and organic matter and opportunities for the movement and 
recruitment of biota between reaches that are isolated during the dry season.  

During the wet to dry transition, floodwaters recede and ephemeral rivers begin to disconnect.  
This initiates the movement of aquatic biota into permanently watered refuges.  Water birds 
congregate as resources become limiting and aquatic plant biomass reaches its peak on river 
floodplains.  

During the low and disconnected flows of the dry season, waterholes and intermittent pools play a 
vital role as refugia for aquatic biota, whilst groundwater discharge in perennial rivers sustains 
baseflow and supports diversity.  Additionally, exposed channel sediments support the 
germination and establishment of riparian seedlings. 

During the transition from the dry to the wet season, the first flows flush organic material and 
suspended particles through the system, whilst storm induced surface run-off brings a pulse of 
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organic material and nutrients from the surrounding catchment.  The hydrological reconnection of 
isolated pools and refugia allows for the recolonisation of biota throughout the river system. 

 

 
Figure 196.  Sample hydrograph from the Daly River over one year from August 2005 to 
July 2006, illustrating key flow features of rivers across the wet-dry tropics of northern 

Australia (Sourced from Warfe et al., 2011). 

 

Whilst the importance of these key flow features is recognised, the application of waterway 
management strategies requires further investigation and a more detailed understanding of flow 
parameters at work within each major seasonal change.  Specific ecological-flow links and 
thresholds, unique to individual catchments and river system types, exist within each of these four 
key flow parameters, and are essential to the accurate and effective monitoring and management 
of tropical rivers in northern Australia.  

In order to explore this theory, a conceptual model was constructed based on the outcomes of an 
ʻecological thresholdʼ workshop.  This workshop included experts representing a variety of 
hydrological, ecological and socio-cultural disciplines.  The model describes broad conceptual 
links, specific flow thresholds, and relationships existing between ecological processes and flow 
components.  It explores further, the flow links within the flow regime presented in Warfe et al., 
(2011), and describes thresholds both specific to individual rivers, and transferrable between 
catchments. 

The following tables present specific flow thresholds and conceptual flow ecology links within the 
four flow seasons identified in Warfe et al. (2011). 
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SEASON: DRY 

Key findings of dry season ecological flow links (Table 51): 

 

• River base flow, cease to flow events, the formation of in-stream pools and groundwater 
levels are the key flow components of the dry season. 

• The duration and timing of disconnection, the rate and variability of winter base flow and 
the persistence and level of groundwater discharge have the greatest impact on 
ecological values. 

• Flow components support a wide range of biological values, and maintain ecological 
integrity and vital ecosystem processes such as reproduction and migration. 

• The majority of flow links have specific and non-transferrable thresholds, however 
conceptual links associated with ʻcease to flowʼ, in-stream pool formation, perenniality 
and groundwater, have the potential for transferability among catchments. 

 

SEASON: DRY-WET TRANSITION 

Key findings of dry to wet transition ecological flow links (Table 52): 

 

• The onset of fresh flows and floods at the commencement of the wet season are the key 
flow components. 

• The duration, timing and magnitude of flow have the greatest impact on ecological values. 

• Values associated with longitudinal connectivity are central during this transition, with 
dominant processes including cues for reproduction, and the alleviation of stresses 
related to the late dry. 

• Flow links are broadly conceptual, with variable thresholds and a general transferability 
among catchments (predominantly among those with an intermittent or ephemeral flow 
regime). 

 

SEASON: WET 

Key findings of wet season ecological flow links (Table 53): 

 

• Flood events, peak and total wet season flow, and groundwater recharge are the key flow 
components of the wet season. 

• The duration, magnitude and extent of flood inundation, as well as the timing and volume 
of total wet season flow, and the rate of groundwater recharge, have the greatest impact 
on ecological values. 
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• Flow components support a wide range of biological values and extensive aquatic and 
terrestrial primary productivity. Dominant processes include habitat maintenance, nutrient 
supply and floodplain connectivity: allowing migration/reproduction strategies and 
appropriate genetic exchange. 

• Five flow link thresholds are specific, however the majority exist as either low (Q90) or 
high (Q5) flow thresholds, allowing for transferability amongst catchments.  

 

SEASON: WET-DRY TRANSITION 

Key findings of wet to dry transition ecological flow links (Table 54): 

 

• High flow recession and groundwater dynamics are the key flow components during this 
transition. 

• The magnitude, duration and timing of groundwater discharge affects primary productivity 
values whilst the recession of flood and peak flows, and groundwater levels affects the 
persistence of aquatic fauna through stranding. 

• Flow links are conceptual, with variable or unknown thresholds and a general 
transferability among catchments. 

 

SEASON: ALL 

Key findings of ecological flow links relating to all seasons (Table 55): 

 

• Variability, base flow and mean flow are key flow components throughout all seasons. 

• Variability in seasonal wetting and drying, and in flow parameters such as rates of rise, 
magnitude and constancy impact ecological values such as species diversity, productivity 
and habitat structure.  

• Base flow perenniality, and the magnitude of mean annual flow increases fish biodiversity 
due to increased connectivity and productivity. 

• Flow links are conceptual, with high or low flow thresholds and a high transferability 
among catchments 
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Table 51. Key flow ecology links during the dry season. Abbreviations denote flow components as: CTF, cease to flow; GW, groundwater; Q5, high 
flow threshold where flows are exceeded 5% of the time; Q90 low flow threshold where flows are exceeded 5% of the time; transferability: Y, yes; 

N, no; U, unknown. 
Flow 
component 

Feature Value Process Location Threshold Transferability * 

CTF Duration Biota, habitat availability and 
water quality 

Maintain ecological 
integrity 

Fitzroy, 
Gulf rivers 

Variable Y 

Timing of onset Fish food source (algal 
biomass, invertebrate 
biomass and abundance) 

Instream production  Fitzroy, 
Daly tribs 

CTF timing Y 

Base flow 
 

Perennial Biota, habitat availability 
(riffles) and water quality 

Maintain ecological 
integrity 

Daly and 
Alligator 

Variable Y 

Flow rate / 
magnitude 
  

Riparian vegetation Maintain water 
availability 

Daly 0.17 GL/d 
minimum 

N 
 

Pig-nosed turtle  Nesting/reproduction Daly Optimal 7.6 m3/s 
(1.04GL/day) 

N 

Macrophyte  
(V. nana) beds  

Supply of nutrients and 
suitable velocities  

Daly Optimal 7.6 m3/s 
(1.04GL/day) 

N 

Barramundi recruitment & 
migration 

Maintain longitudinal 
connectivity 

QLD Q5 Y 

Flow rate & 
variability 
 

Phytoplankton & periphyton  Maintain productivity Daly No less than  
0.4 m3/s and  

N 

Complex benthic algae and 
aquatic plants 

Maintain diversity and 
succession 

Daly Variable U 

Mean magnitude Productivity of algae Maintain shallow riffle 
habitats 

Daly Variable U 

GW levels Minimum level Obligate Phreatophytes Access to GW for 
continued transpiration 
and photosynthesis 

All Variable Y 

Low flows Formation of in-
stream pools 

Critical refugia for aquatic 
biota  

Inter-annual survival, 
population size 

All Variable Y  

GW 
discharge 

Timing, magnitude & 
duration 

Refugia and baseflow Maintain aquatic refugia All Unknown Y 
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Table 52. Key flow ecology links during the dry to wet seasonal transition. Abbreviations denote flow components as: CTF, cease to flow; GW, 

groundwater; Q5, high flow threshold where flows are exceeded 5% of the time; Q90 low flow threshold where flows are exceeded 5% of the time; 
transferability: Y, yes; N, no; U, unknown.. 

Flow 
component 

Feature Value Process Location Threshold Transferability * 

Flood Timing, 
duration, 
magnitude  

Fish reproduction & 
recruitment 

Reproductive cue and maintain natural 
recruitment 

All Variable Y 

Riparian tree 
recruitment 

Seedfall from riparian trees on wet 
sediments 

Ord Variable Y 

Freshes 
 

Timing 
 

Connectivity (ephemeral 
system) 

Reestablish connectivity, alleviate stresses 
associated with CTF (food, habitat 
availability, water quality) 

All 
ephemeral 

Variable Y 

Black bream 
reproduction 

Cue for spawning migration Daly & 
Alligator 

Variable Y 

Magnitude Succession of primary 
producers 

Scouring, removing, redistribution of 
primary producers 

Daly unknown U 

Multiple 
freshes 

Water quality Second and third freshes likely to be most 
important in reestablishing connectivity and 
suitable water quality after cease to flow 
periods 

All 
ephemeral 

Variable Y 

Low flows Flow Rate Primary productivity Nutrient availability Daly Variable Y 
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Table 53. Key flow ecology links during the wet season. Abbreviations denote flow components as: GW, groundwater; Q5, high flow threshold 
whereby flows are exceeded 5% of the time; CPUE, catch per unit effort; transferability: Y, yes; N, no. 

Flow 
Component 

Feature Value Process Location Threshold Transferability * 

Flood pulses  Timing, 
duration and 
magnitude 

Floodplain wetland 
connectivity 

Migration, spawning recruitment  All Q5 Y 

Peak Flow Timing, 
duration 

Magpie geese nesting & 
hatchling survival 

Production of food and nesting 
habitat  

Daly Q5 Y 

Peak flow 
 

TBC Barramundi  Recruitment & growth QLD Q5 Y 
Duration, 
magnitude, 
volume 

Fish migration Free fish passage over Camballin 
Barrage  

Fitzroy 8.0GL/d barrage 
negotiable; 28.8GL/d 
barrage completely 
inundated 

N 

 Magnitude, 
duration 

Maintenance of channel 
form 

Erosion, sedimentation and 
incorporation/redistribution of large 
wood and other detritus as habitat 

All Variable Y 

Flood 
 

Velocity Spirogyra  Sheer stress and nutrient uptake Daly Upper & lower 
velocity thresholds 

Y 

Duration Fish reproduction Spawning & feeding All  Variable Y 
Duration, 
magnitude, 
extent 
 

Floodplain primary 
productivity and diversity 
(aquatic) 

Overbank flows, inundation & 
increased algal production 

All Q5 Y 

River floodplain 
connectivity 

Fauna use of floodplain resources 
(e.g. food), coupling of river 
floodplain foodwebs and rewatering 
of floodplain habitats 

All Variable Yes 

Dry season floodplain 
productivity  
(terrestrial veg) 

Supply of nutrients and soil moisture  All Q5 Y 

Aquatic fauna and in-
channel primary 
productivity  
(extending to wet-dry) 

Supply of floodplain derived nutrients 
and carbon  

All Q5 Y 

Estuarine productivity Supply of nutrients and carbon from 
salt flats  

Norman 
River 

Q5 Y 

Duration Meiofauna and their 
predators  

Maintain suitable salinity for survival All Q5 (also salinity 
threshold) 

Y 



NAWFA: Climate change and development risks in northern Australian aquatic ecosystems 
 

 
Page 472:  Tropical Rivers and Coastal Knowledge Report 

Table 53.  cont. 
Flow 
Component 

Feature Value Process Location Threshold Transferability * 

Flood (cont) Magnitude & 
duration 
 

Growth of floodplain rice  Overbank flows, extent of floodplain 
inundated  

Magela 
Crk 

Approx. 90,000 ML 
monthly flow 

N 

Growth of floodplain 
paragrass  

Overbank flows, extent of floodplain 
inundated  

Magela 
Crk 

300000 annual flow N 

GW recharge & 
persistence of GW-
dependent dry season 
refugia 

Overbank flows, flood magnitude, 
duration 

All Variable Y 

Total wet 
season flow 
 

Volume Barramundi  Maintain abundance  
(e.g. fishery CPUE) 

All e.g. Daly: 7495 GL 
wet season  

Y 

Timing, 
magnitude, 
duration 

Estuarine fauna  
e.g Barramundi, King 
threadfin, salmon 

Maintain suitable nursery habitats, 
nutrient availability and primary 
productivity  

Fitzroy 
(QLD) 

Variable Y 

All All Genetic exchange   Connectivity at various spatial scales  All Variable Y 
GW recharge Volume, rate Stygofauna Rate of recharge to support 

persistence of stygofauna 
All Variable Y 
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Table 54. Key flow ecology links during the wet to dry seasonal transition. Abbreviations denote flow components as: transferability; Y, yes; U, 

unknown; GW, groundwater. 
Flow component Feature Value Process Location Threshold Transferability * 
High flow Rate of fall Fish/aquatic fauna 

movement from floodplain to 
river, intermittent tributaries 
to main channel and 
estuarine riverine habitats  

Prevention of stranding and or 
habitat selection 

All Variable Y 

GW discharge  
(to pools, wetlands 
and rivers) 

Magnitude, 
duration, timing 

Aquatic primary productivity Inflow of bicarbonate 
dominated GW that increases 
light availability  

Daly Unknown U 

GW levels Rate of fall Stygofauna  Rate of fall to support 
persistence of stygofauna  

All Variable Y 

 

 
Table 55. Key flow ecology links during the wet to dry seasonal transition. Abbreviations denote flow components as: RRF, rates of rise and fall; 

Q90, low flow threshold whereby flows are exceeded 90% of the time; transferability: Y, yes. 
Flow component Feature Value Process Location Threshold Transferability * 
Variability 
 

RRF, magnitude, 
constancy 

Structural habitat 
(including channel 
form) & riparian 
diversity 

Variability in wetting & drying 
regimes, erosion and 
sedimentation e.t.c. 

Ord, 
Mitchell, 
Daly 

Allow for variability, 
high and low 
thresholds 

Y 

Seasonal wetting & 
drying 

Productivity, 
floodplain habitat & 
species diversity 

Maintain productivity and 
diversity 

All Variable Y 

Base flow Perenniality  
(base flow)  

Fish biodiversity  Perenniality  All Q90  Y 

Mean annual flow Magnitude (mean 
annual flow) 

Fish biodiversity Connectivity All N/A Y 
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TRANSFERABILITY  

Hydrological regimes of catchments in the wet-dry tropics can be classified according to both their 
perenniality, and the duration of floodplain inundation (Warfe et al., 2011).  Based upon the 
classification of natural flow regimes by Kennard et al. (2010), and floodplain inundation periods 
discussed in Jardine et al. (2011) four major flow regime types were identified in the region, with 
important implications for transferability in the conceptual models above (Table 56).  General 
conceptual flow links and high (Q5) and low (Q90) flow thresholds are transferable between 
catchments in many cases, however ecological processes such as primary productivity will vary 
from catchment to catchment depending on hydrological characteristics such as the period of 
floodplain inundation.  For example primary productivity may differ between catchments with the 
same degree of perenniality but different periods of floodplain inundation.  It is therefore essential 
that where possible specific thresholds are utilised, and where unavailable, care is taken in 
transferring concepts across catchments.  

 
Table 56.  Flow regimes of northern Australian river systems according to their 

perenniality, flow class and inundation period. 
Perenniality Flow class Inundation 

period 
System location 

Ephemeral Predictable summer highly 
intermittent (10) 

Short WA i.e. Fitzroy 

Perennial Stable summer baseflow (3) Long NT i.e. Daly (3)  
Ephemeral   Predictable and unpredictable 

summer highly intermittent (10 
& 11) 

Medium QLD/Gulf rivers i.e. 
Flinders (10 and 11)  

Perennial Stable summer baseflow (3) Medium Mitchell (3) 

 

6.1.2 ECOSYSTEM SERVICE ATTRIBUTES OF NORTHERN AUSTRALIAN RIVERS 
Many of the social and cultural values across northern Australia are closely associated with the 
integrity of aquatic ecosystems.  In Chapter Two, socio-cultural values associated with broad 
geographic regions (WA, NT and QLD) and, more specifically, those associated with the focus 
catchments, have been identified and discussed.  These values provide more broadly, ecosystem 
services that benefit people and communities (see Chapter Five) by providing, regulating and 
supporting critical ecological and biophysical values.  Based on the application of the ecosystem 
services framework to case study catchments (described in Chapter Five), conceptual links 
between ecological values and associated socio-cultural values can be identified (Table 57). 
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Table 57.  Ecosystem services associated with northern Australian aquatic ecosystems 

Ecosystem 
Service 

Type of values 

Provisioning Indigenous use values of aquatic species 
Primary and secondary production for public food supply (e.g. 
cropping, horticulture, pastoralism, commercial fisheries) 
Indigenous/non indigenous economic development (e.g. 
tourism, mining, agriculture) 
Water supply and storage (surface and groundwater) 

Cultural  Indigenous sites of significance (e.g. sacred/spiritual sites and 
those used for ceremonial purposes) 
 
Indigenous Language 
Recreational / aesthetic (e.g. ecotourism, cultural association 
with waterways) 
 
Education and training (e.g. ecological, social scientific 
research) 

Supporting Habitat for species and genetic diversity (e.g. unique or vital 
habitats, threatened species) 

Regulating Indigenous governance (e.g. land custodianship, spiritual and 
social cohesion, knowledge exchange 

 

Some overlap between ecosystem services associated with high value aquatic assets has been 
identified (see Chapter Five).  Variability in the abundance of water affects the spatial patterns of 
values and related ecosystem services across Northern Rivers (Stoeckl et al., 2006; McDonald et 
al., 2005; Strang, 2005).  Rivers that maintain flow during dry season are critical for a range of 
Indigenous and non-Indigenous values and related ecosystem services (Straton and Zander, 
2009).  Permanent water sources are of particular social and cultural significance for many local 
and non Indigenous people and provide critical cultural and ecosystem services (Finlayson et al., 
2005; Straton and Zander, 2009).  For example, as Finn and Jackson (2011) note, turtles that 
Indigenous people eat need billabongs to survive the dry season.  The term ʻeco-cultural assetʼ 
has been used by some researchers to highlight that some water landscapes cannot be defined 
as either cultural or ecological, having values for both (Hill et al., 2008; Toussaint et al., 2001).  
The benefit of place as a conceptual bridge to link ecosystem outcomes and cultural services has 
also been recognised in the international literature (Gee and Burkhard, 2010). 

Given the strong reliance on river systems for local livelihoods in many regions, it is important that 
a direct correlation between ecological values (e.g. biodiversity and ecosystem processes) and 
social-ecological values and services is not assumed.  For example, although Indigenous people 
rely substantially on aquatic resources, environmental flows may or may not be an acceptable 
surrogate for the protection of Indigenous interests or cultural services (Jackson and Morrison, 
2007). Young and McColl (2003) also highlight that values can differ markedly between people, 
communities and social groups.  There are many reported instances where social, cultural and 
ecological values do not overlap or where there is alignment between the provision of one 
ecosystem service or value over another.  Permanent pools along an ephemeral river may have 
multiple and changing values (recreational fishing, vital habitat for a threatened species, spiritual 
values) which may ebb and flow at different times of the year.  This means that identifying and 
prioritising ecological assets can be a challenge for managers (McDonald et al., 2005). 
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6.2 CONCLUSION 

We have identified conceptual links and specific thresholds that describe the relationship between 
flow and ecological values that should be incorporated into management.  We also identify the 
relationship between ecological and sociocultural values, which highlights a requirement for an 
integrative management framework to adequately address the risks associated with climate 
change and development to northern Australian aquatic ecosystems.  Requirements for, and 
approaches to integrative management of ecological social and cultural values are explored more 
thoroughly in the following Chapter. 
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 MANAGEMENT IMPLICATIONS, CHAPTER 7
KNOWLEDGE GAPS AND RECOMMENDATIONS 
 

7.1 INTRODUCTION 

This Chapter aims to: 

 

• Review analytical frameworks to identify and manage relationships between the 
ecological, social and cultural values associated with water; 

• Develop a preferred framework for an integrated assessment of the potential risks 
associated with hydrological alteration due to climate change and development in the 
NAWFA area; 

• Assess existing management objectives, monitoring and assessment priorities and 
frameworks for their capacity to report against likely risks associated with climate change 
and development in Northern Australia, and; 

• Outline key project outcomes, and identify knowledge gaps, recommendations and future 
management/research directions. 

 

In this final Chapter, analytical frameworks that have been used to identify and sustainably 
manage the relationships between the ecological, cultural and social values associated with water 
for the NAWFA region (see Chapters Three and Five) are reviewed.  These ideas are then 
developed further in a case-study application of a preferred Management Strategy Evaluation 
(MSE) framework to integrate assessment of the potential risks associated with hydrological 
alteration due to climate change and development to aquatic ecosystems in northern Australia.  A 
regional (jurisdictional) based assessment of existing management objectives, monitoring and 
assessment priorities and frameworks, and their capacity to report against likely risks associated 
with climate change and development in Northern Australia is provided.  Finally, we conclude this 
report with an outline of key project outcomes, and identify knowledge gaps, recommendations 
and future management/research directions. 
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7.2 INTEGRATION OF ECOLOGICAL VALUES AND ECOSYSTEM 
SERVICES IN MANAGEMENT AND ASSESSMENT 
FRAMEWORKS 

7.2.1 IMPORTANT SOCIAL-CULTURAL AND INSTITUTIONAL PARAMETERS FOR 
SUSTAINING NORTHERN AUSTRALIAʼS AQUATIC ECOSYSTEMS 

APPROACHES USED TO IDENTIFY RELATIONSHIPS BETWEEN ECOLOGICAL, CULTURAL 
AND SOCIAL VALUES 

Two analytical approaches are useful to identify the relationships between ecological, cultural and 
social values and identify key pathways and thresholds required to sustain the values for Northern 
Australia rivers: 1) ecosystem service-based approaches (as used in Chapter Five), which provide 
a framework to categorise the value of ecosystems in terms of the services they provide for 
human use; and 2) collaborative approaches to water planning, which identify institutional 
attributes needed to negotiate and translate social and cultural values into local planning contexts.  
In the following section, we 1) review the use of ecosystem services and institutional attributes as 
frameworks to identify cultural and social values and their relationship to water assets in the 
NAWFA region, and 2) assesses the limits and benefits of ecosystem service and institutional 
attribute frameworks as a means to identify and analyse linkages between the cultural, social and 
ecological values of water assets.   

The information reported here is based on a desktop review (grey and white literature) of the 
relationship between water assets and associated cultural and social values across the NAWFA 
region (as reported in Chapter Five).  Additionally, the findings of this review were discussed at 
NAWFA project workshops where a preliminary assessment of key pathways and thresholds to 
sustain the values of Northern Rivers was undertaken. 

 

ECOSYSTEM SERVICE ATTRIBUTES OF NORTHERN AUSTRALIAN RIVERS 

The interest in ecosystem services as a framework for providing integrated solutions to problem of 
ecosystem degradation has increased in popularity since the release of the Millennium 
Ecosystem Assessment (MEA), which provided a comprehensive assessment of ecosystem 
services and their implications for human well-being.  Ecosystem services are defined by the MEA 
as ʻthe benefits people obtain from ecosystemsʼ (Millennium Ecosystem Assessment, 2005).  The 
ʻecosystem services approachʼ has been presented as a framework to define and analyse the 
linkages and dependencies between natural and human systems by making explicit the direct and 
indirect benefits that humans derive from natural capital (Turner and Daily, 2008).  The MEA 
suggests dividing ecosystem services into four categories (see Chapter Five), including cultural 
services that sustain spiritual, religious or recreational values (Millennium Ecosystem 
Assessment, 2005).  It thereby incorporates a human dimension by making explicit the direct and 
indirect benefits that people derive from natural capital, an approach that moves beyond 
traditional definitions of ecological assets based on biophysical function and structure. 
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The MEA (2005) has become a guiding framework to provide decision-makers with scientific 
information on the consequences of changes in ecosystems and their associated services for 
human well-being.  The value of ecosystems can be considered in terms of the value of total 
service flows from an ecosystem, the value of alterations to an ecosystem, or the distribution of 
costs and benefits from ecosystem service production.  Monetary valuation of ecosystem services 
is increasingly called for because it provides a common metric by which to make comparisons 
and assess the trade-offs of ecosystem change, so that the environmental costs and benefits of 
policies and land use change can be accounted for (Carpenter et al., 2006; 2009; Brauman et al., 
2007; TEEB, 2010).  Policy applications include the construction of macroeconomic indicators of 
sustainability, the evaluation of environmental policies, and the formulation of market-based 
incentives for conservation (Wegner and Pascual, 2011). 

In Northern Australia, the ecosystem services framework has been widely used to identify 
hydrological processes that are fundamental to both human well-being and the maintenance of 
aquatic assets (see Chapter Five) (Australian Tropical Rivers Group, 2004; Straton and Zander, 
2009).   

 

Ecosystem service valuation frameworks 

Economic valuation has provided the dominant analytical framework used to capture ecological 
and social-cultural values as they relate to water in Northern Australia.  Economic frameworks use 
total economic value; direct use value, indirect use value and non-use value to help categorise 
values (e.g. Getzner et al., 2005).  This has been a popular approach to collect information on the 
value of the Northern Australiaʼs recreational fisheries (ABARE, 2007), the significance of water 
resources to Indigenous people (e.g. Toussaint, 2010) and to assess the value of Australiaʼs 
tropical rivers (Straton and Zander, 2009; Stoeckl et al., 2011). 

Economic frameworks provide a functional equivalent substitute for every good and service.  A 
benefit of economic valuation is that it permits the separate valuation of individual services.  
Valuation efforts in northern Australia have drawn on qualitative and quantitative methods to 
understand and, in some cases, locate the spatial and temporal pattern of different (Indigenous 
and non-Indigenous) economic use values.  Calculated values of ecosystems and their services 
have been documented and correlated to eco-hydrological conditions (water flow and quality) 
required to sustain or replace these values and related services.  This has been the logic used in 
the TRaCK Indigenous socio-economic values and rivers project, for instance, to allocate ʻhigh 
valueʼ species such as barramundi a monetary value (the price of a yellowtail kingfish from a local 
store) to calculate a replacement value for this fish (Finn & Jackson pers comm., 2011). 

Yet there are also problems with the reliance on single metrics to capture complex relationships 
between water assets and the social-cultural values and associated ecosystem services they 
provide.  As Spangenberg and Setteele (2010, 329) argue, ʻin economic parlance ʻfunctionally 
equivalentʼ does not refer to a multitude of characteristics, but to just one: the contribution of the 
respective good to utility generation ... [this allows] different elements [of a given value or service 
to be] simply added up to give the wholeʼ.  Because the value of ecosystem services depends on 
human demand, the value of ecosystem service flows depends on the existence of a market 
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rather than on the intrinsic merits of genes, species and ecosystems and their relationships (Vira 
and Adams, 2009).  In this market context, ecosystem services valuation counts only what is 
currently demanded, and reflects current knowledge, preferences and resource use patterns, 
when values and knowledge will inevitably change over time (Spangenberg and Settele 2010). 

A further limitation of the predominant approach of valuing single ecosystem services is that it 
neglects the multidimensional attributes of ecosystems, with the consequence that it cannot 
support the multiple-objective approach of ecosystem management.  As such, social and cultural 
values may be downplayed in a discourse that ʻassesses outcomes primarily in terms of economic 
criteria rather than a balance between social, environmental and economic considerationsʼ (Syme 
and Hatfield-Dodds, 2007, 18).  In particular, social and cultural values associated with non-use or 
non-consumptive values are given relatively little emphasis.  These social and cultural interests in 
water, described as ʻinformalʼ or ʻintangibleʼ, represent connections between people and water 
that is no less important than interests that are formalised.  Jackson (2006) observes the difficulty 
in incorporating the less tangible and measurable social values into contemporary water 
management that is driven by quantified objectives.  Research in other contexts has also found 
that cultural and other ʻintangibleʼ services are resistant to economic valuation (Gee and 
Burkhard, 2010; Vejre et al., 2010). 

The requirement to quantify water values for the purposes of sharing water amongst various 
users raises difficulties for Aboriginal people and others seeking to protect those values for which 
it is difficult to quantify a volumetric allocation.  The work by Robinson and others in Kakadu 
region, for example, highlights the implications this can have for Indigenous social and cultural 
values for water.  This study mapped high value areas in Kakadu Rivers to focus restoration 
activities as part of research that contributed to a feral animal strategy for the Park (Robinson et 
al., 2005).  Provision services (e.g. use of aquatic species) were identified to be concentrated 
within 5 km from community outstations, road bridges and roads.  Yet areas and species that 
provided critical cultural services assets were also identified and often existed in remote locations 
and places visited infrequently. 

The practical considerations associated with complex feedbacks and trade-offs among services 
and human beneficiaries requires an integrative science that attends to the ethical and political 
nature of distributional issues and the role that natural science can play in understanding how 
people and nature are linked (e.g. Brauman et al., 2007; Potschin and Haines-Young, 2011).  
Therefore, making the ecosystem services framework useful to decision-makers will also require 
(Brauman et al., 2007): 

 

• Information on service provision and value at policy-relevant scales; 

• Formal methods for incorporating cultural values in a meaningful way; 

• Practical know-how in the process of institutional design and implementation. 

  

Institutional attributes and planning mechanisms are needed to enable ecosystem services to be 
enhanced and reflect local planning contexts (Wegner and Pascual, 2011).  Collaborative 
attributes of policy development and delivery approaches have been identified as offering a way 
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to enable the integration of different types of values and types of knowledge necessary to identify 
key pathways and thresholds required to sustain the values of a particular (e.g. Northern 
Australian) river (Robinson et al., 2011; Wallington et al., 2010).  Institutional attributes of 
collaboration are reviewed below, including a review of research that has analysed if and how this 
planning approach can enhance the provision of ecosystem services and/or sustain Northern 
Australian watersheds. 

 

INSTITUTIONAL ATTRIBUTES TO SUSTAIN THE VALUE OF NORTHERN RIVERS  

The previous section outlined the application of ecosystem services to identify and categorise the 
relationships between the ecological, cultural and social values associated with water for the 
NAWFA region.  This section reviews research that has investigated the planning mechanisms 
required to translate different values and forms of knowledge into water decision-making, and 
sustain ecosystems and their associated services for human well-being.  This requires attention to 
the attributes and capacities of water planning institutions set up to make and mediate the 
connection between values, knowledge and action. 

Relationships between spatial planning, ecosystem-based approaches and institutional 
arrangements based on stakeholder engagement are increasingly highlighted in the literature 
(Lane et al., 2009; Robinson et al., 2009a; Prager et al., 2012).  Here we focus on the question of 
how institutions that encourage collaboration and co-ordinate actions at a catchment scale can 
enhance the provision of ecosystem services. 

A critical issue facing water planning institutions responsible for the management of Northern 
Australian watersheds is that many cultural and social values associated with water in Northern 
Australia are generally associated with the notion of having an ʻinterestʼ in water.  Some interests 
are formalised as a property right.  These interests are often associated with the use of water for 
a particular purpose, such as irrigation.  In their review of social issues affecting water planning 
and policy in Northern Australia, Robinson et al. (2009a) highlight that a number of principles are 
used to water allocation preferences, namely self-interest, efficiency and fairness.  Fairness can 
be characterised in terms of distributive justice (who gains and who loses) and procedural justice 
(which relates to the fairness of the decision-making process) (Young and McColl, 2003, 60).  Of 
these, procedural justice has been identified as the most important factor in determining 
community support for a particular water allocation regime (Nancarrow and Syme, 2001; Syme 
and Nancarrow, 2006). 

Statutory water resource plans recently developed in the NAWFA region have been dedicated 
to negotiating formal interests in water through water entitlements, allocations and use license.  
Community reference panels and engagement processes have been part of this regulatory 
planning effort in an effort to provide a procedure for water entitlements to consider the impact of 
ʻinformalʼ and less tangible connections between people and water (e.g. Mitchell CRP 2006; Tan 
et al., 2008).1  Even so, findings from the Hamstead et al. (2008) review of water resource plans 
and findings from the National Water Commission (NWC, 2009) assessment of progress in 
implementation of the National Water Initiative observed that: 
                                                        
1  Under the NWI statutory water plans are required to provide ʻenvironmental and other public 
benefit outcomesʼ which include ʻIndigenous and cultural valuesʼ (cf. 25 & schedule B (ii))  
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• a lack of procedural fairness still persists in water resource planning ensure to ensure 
trade-offs between economic use and other community values or the needs of the 
environment are considered in a transparent or meaningful way. 

• it is not clear what information was gathered and how it was used to inform decision-
making processes in developing many water plans.  Information that is presented in water 
resource plans mainly focus on the physical condition of rivers with no description of 
ecological or socio-economic aspects of water. 

• It is rare for Indigenous water requirements to be explicitly included in water plans or for 
Indigenous people to be effectively engaged in water planning processes. 

 

Bark et al. (2011) observe that a lack of attention to values that are non-use or difficult to quantify 
challenge strategic or comprehensive river management decision-making.  Such issues become 
critical when decisions are based on trade-offs between values that include non-use community 
values or the needs of the environment. 

Regional and collaborative approaches have been another planning response to manage 
aquatic ecosystems across Northern Australia (Lane et al., 2009; Tan et al., 2008; Tan 2010).  
These efforts have involved the decentralisation of financial resources and decision-making 
responsibilities to natural resource management (NRM) groups.  This reflects an ambitious 
attempt to integrate rural, Indigenous and conservation interests and issues in policy efforts to 
shape and re-shape Australiaʼs sustainable development agenda (Lane et al., 2009).  This 
paradigm shift in Australiaʼs approach to natural resource planning is evident in water reforms 
under the National Water Initiative (NWI) that is moving towards more integrated approaches to 
water management and decision-making (Tan 2010; Wallington et al., 2010).  The integrated 
water management paradigm assumes that the inclusion of local values, knowledge and priorities 
will foster shared ownership of problems based on shared interests; and will therefore foster 
shared responsibility for implementing proposed solutions (Wallington et al., in press).  Integrated 
water management has been attempted through a range of planning approaches in Australia and 
overseas (Robinson et al., 2011). 

Analysis of target setting priorities, program investments and delivery negotiated through 
integrated water management mechanisms across Northern Savanna regions highlights that 
there are multiple values identified as a priority for integrated targets and efforts (Wallington et al., 
in press).  Under program ʻrulesʼ underpinning government investments to improve aquatic 
ecosystem health (e.g. Caring for Our Country program, Water Quality Improvement Plans), 
community-based and regional NRM bodies can be flexible in how they engage with partners, and 
the process by which water management projects are prioritised and invested (Kroon et al., 
2009).  Even so, substantive outcomes driving partnership design and actions funded by these 
programs are required to deliver biodiversity targets, including those for aquatic ecosystem health.  
These planning frameworks have also articulated a program logic of cause-and-effect 
relationships whereby enabling outcomes contained in management action targets (planning, 
capacity building etc) lead to substantive outcomes of resource condition change (Robinson et al., 
2009b). 
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Data collected from regional community perspectives on outcomes desired and delivered from 
NRM programs highlight that the emphasis different collaborators place on natural, social, cultural 
and economic substantive outcomes delivered from water and NRM management programs 
might not necessarily be shared (Robinson et al., 2007).  In the day-to-day practice of 
implementation, livelihood aspirations of regional and local participants significantly favour 
interventions that achieve multiple outcomes that ensured local landholders and communities 
benefited from water management projects.  Projects that required too much effort to negotiate 
trade-offs between competing interests or projects that preserve or repair the general condition of 
a specific ecological value (e.g. in-stream water quality) did not generate the same level of effort 
(Robinson et al., 2007).  This has implications for collaborative water management program 
design or trade-off analysis to guide incentives for voluntary uptake of best management practice. 
Both policy delivery mechanisms need to factor in landholder capacities and motivations in 
implementation programs designed to deliver ecological outcomes (Robinson et al., 2010b).  It 
also requires practical decision-making, trade-off and evaluation tools to enable transparent and 
integrated assessments of ecosystem health and impact of proposed water plans and 
management activities (Tan et al., 2008). 

 

ANALYTICAL APPROACHES ARE USEFUL TO IDENTIFY THE RELATIONSHIPS BETWEEN 
ECOLOGICAL, CULTURAL AND SOCIAL VALUES 

The benefits and limits of ecosystem service approaches 

The links between aquatic ecological function, changes to hydrological flow and the provision of or 
impact on ecosystem services in Northern Australian watersheds are poorly understood. To 
overcome this, scientists have created classification systems to identify which hydrological states, 
structures and processes contribute to human production and consumption.  Ecosystem services 
offer a useful approach to summarise the relationships between ecological, cultural and social 
values into broad categories.  In particular, the ability to estimate the economic value of 
ecosystem services has been widely used as an analytical framework to assess the values of 
Australiaʼs northern rivers and this has been instrumental in stimulating the interest of managers 
and policy makers in the concept of ecosystem services.  

Yet although economic frameworks have been a common approach used to assess values in 
Australiaʼs northern rivers this approach does not address social fairness and equity in resource 
use. Because most ecosystem services are public goods (i.e., non-rival, non-excludable and 
essentially free to any user), equitable access is an important social value. Distributional issues 
are not simply a matter of economic analysis.  Realising the public benefits that ecosystems can 
provide requires the identification of relevant stakeholder groups, the services they use, and the 
values they attach to services.  When users have conflicting service needs, social patterns (e.g. 
varying organisational efficiency and political power among groups) are often stronger drivers of 
ecological outcomes than increasing total benefit (Brauman et al., 2007). 

The attribution of market values to an ecological asset also comes with the risk that high 
biodiversity may not be necessary for the delivery of ecosystem services (Brauman et al., 2007).  
Significantly, the attention to the human benefits of ecosystems (the flow of services) can divert 
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attention from ecological outcomes (the stocks of natural capital).  If a particular service (e.g. 
carbon) is valued because it is in high demand, it may outweigh the value of services associated 
with public goods such as high biological diversity (Vira and Adams, 2009). 

The challenge thus lies in establishing the institutional conditions that allow for the recognition of 
ʻmultiple currencies of valueʼ (Symes and Hatfield-Dodds, 2007).  The issue of maintaining capital 
stocks highlights that the focus on valuing the benefits from natural capital in terms of the flow of 
final services has overlooked the importance of maintaining the structures and functions that 
underpin them (Vira and Adams, 2009).  This requires knowledge about the sensitivity of 
ecosystem structures and functions to drivers of change. Recent insights into the non-linear 
behaviour of ecosystems has important implications for the way that ecosystem outputs are 
valued because they undermine key assumptions on which economic valuations are made 
(Potschin and Haines-Young, 2011).  When an ecosystem crosses a threshold or tipping point, it 
will exhibit different characteristics, such that the level and mix of benefits provided to people may 
also be significantly changed.  In situations such as this, ecosystem services become non-
substitutable.  In the context of justifying strategic policy or management interventions, ethical and 
political considerations and arguments about the intrinsic and instrumental values of nature are 
more valid that economic considerations (Justus et al., 2009). 

In sum, valuing ecosystem services by means of conventional economic approaches can only 
play a limited role in an integrated approach to asset assessment and ecosystem management.  
Importantly, the theoretical assumptions of neo-classical economics are inadequate when dealing 
with public ecosystem services that affect intangible dimensions of human well-being, are 
characterised by thresholds, complexity and uncertainty, and differently affect groups in society 
(Wegner and Pascual, 2011).  There is a need to identify institutional capacities and attributes 
capable of capturing social and cultural values beyond the utilitarian aspects of narrow metrics of 
valuation. 

 

Water planning institutions:  capacities and attributes  

Although there is growing interest in the concept of ecosystem services, it has yet to be 
mainstreamed into everyday landscape planning, management and decision making (de Groot et 
al., 2010).  The need to manage ecosystem services in relation to multiple stakeholder values and 
priorities has prompted calls to locate economic instruments within a broader framework of 
politically defined priorities.  Strategic adaptive management strategies that provide for extensive 
stakeholder collaboration are increasingly advocated for freshwater ecosystem conservation and 
management (e.g. Kroon et al., 2009; Kingsford 2011; Kingsford et al., 2011).  

Broad and meaningful participation processes are central to harness the diversity of stakeholder 
value systems and insights required of the multi-objective ecosystem management approach 
(Spangenberg and Settele, 2010).  Stakeholder collaboration is also required to address the 
indirect social and political drivers of change (Finlayson et al., 2005).  A collaborative, adaptive 
approach provides for flexibility and learning in the context of social and environmental change by 
recognising that knowledge, preferences and resource use patterns are not static, but will 
inevitably change over time.  Institutional capacity is a key element of this approach (Pittock and 
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Finlayson, 2011).  Effectiveness rather than efficiency becomes the key success criteria for 
interventions, which are judged by their ability to trigger change in institutional routines and 
individual behaviour (Spangenberg and Settele, 2010). 

There is evidence that institutionalised collaborative regional planning approaches build trust and 
co-operation and lead to more durable decisions by utilising a wider range of relevant knowledge 
and experience (Raymond et al., 2010).  These approaches also reveal the previous or current 
conflicts between stakeholders and between different priorities at different scales that need to be 
acknowledged and negotiated to encourage local buy-in and ownership of a management plan 
(Prager et al., 2012). 

The role of dialogue in collaborative approaches provides a way to capture the multiple and 
collective values people hold with regard to ecosystems, as well as promoting knowledge 
exchange, learning, and the adaptive capacity for responding to complex social and ecological 
issues, and more equitable decision making (Armitage et al., 2008; Folke et al., 2005).  As Levin 
(2010, 13) concludes, ʻone of the great challenges in achieving sustainability will be in 
understanding the basis for cooperationʼ. 

The performance of different water planning approaches that now exist in many of Australiaʼs 
northern watersheds has largely focused on the process of integrating different types of 
knowledge and values into decision-making (e.g. Kroon et al., 2009).  Less attention has been 
focused on if and how different water planning approaches achieve aquatic ecosystem outcomes 
(Robinson et al., 2009b).  The effect of efforts to sustain certain social-cultural values on 
ecosystem outcomes has also received little water research or management attention. 

 

SUMMARY 

This section has revealed the substantial work on identifying the social and cultural values of 
water assets in Australiaʼs Northern River systems.  It has also highlighted the need for research 
that links social-cultural values with a more holistic understanding of a healthy ecosystem 
(functional and structural attributes), and the implications of these interdependencies for 
ecosystem outcomes.  An integrated framework for the assessment of water values and assets 
that incorporates both ecological and social drivers and thresholds, and identifies targeted 
interventions within the appropriate social-ecological system, is recommended to address this 
challenge (e.g. Finlayson et al., 2005; Hobbs et al., 2011).  These issues are explored further in 
the following sections. 
 

7.2.2 INTEGRATION OF ECOLOGICAL VALUES AND ECOSYSTEM SERVICES IN 
MANAGEMENT AND ASSESSMENT FRAMEWORKS 

INTRODUCTION 

As described above, an integrated assessment approach is required to effectively assess risks to 
ecological and social/cultural assets associated with hydrological changes due to water resource 
development or climate change (Croke et al., 2007).  By synthesizing a number of different 
perspectives, integration can improve understanding and also the application or implementation of 



NAWFA: Climate change and development risks in northern Australian aquatic ecosystems 
 

 
Page 488:  Tropical Rivers and Coastal Knowledge Report 

research knowledge (Bammer, 2006).  The purpose of this section is to investigate potential 
means of integrating the knowledge described in this project with the aim of assessing 
interactions between climate change, extreme events and natural disasters and key assets, 
priority invasive and native fish species.  Rather than provide a complete integrated model, this 
Chapter aims to provide a suggested integration method that could be adopted.  

The key features required for the integration of the components of the NAWFA projects are: 

 

• spatial capability; as much of the data used in this assessment has spatial components it 
is essential that the integration method can deal with spatial information; 

• allow for feedback; as biological systems have complex interactions, the ability to 
incorporate feedback is essential for integration (Waltner-Toews, 2003); 

• ability to be readily adapted/adopted within and between jurisdictions, and; 

• encourage stakeholder involvement to facilitate learning about the management issues 
and likely consequences of actions under uncertainty; stakeholder participation is a key 
requirement of good model development, particularly when models are used to address 
management questions (Jakeman et al., 2006). 

 

A number of frameworks can be considered for integration, including, Bayesian Belief Networks 
(BBN) (e.g. Lynam et al., 2010), system dynamics (e.g. Winz, et al., 2009) and agent based 
models (e.g. Ducrot et al., 2004).  BBNs are essentially decision tools, which depict conditional 
probability relationships (Bammer, 2006; Croke et al., 2007; Dutra et al., 2011).  Using Bayesian 
probability, they allow modeling under conditions of uncertainty (Kingston et al., 2008).  BBNs 
were considered for the integration of components of this project as they are statistical in their 
approach and can be readily applied in a spatial environment.  However, due to their inability to 
effectively include feedback and to function temporally (Kingston et al., 2008), BBNs were 
considered inappropriate for integration. 

System dynamics is a modeling approach that investigates and manages complex feedback 
systems (Croke et al., 2007).  These models are causal mathematical models where the structure 
of the system gives rise to observable and therefore predictable behaviour (Winz et al., 2009).  
Although system dynamics is designed to incorporate feedback loops (Bammer, 2006; Croke et 
al., 2007), it has the disadvantage of being difficult to incorporate spatial components. 

Agent-based models focus on representing interactions between ʻagentsʼ (individuals and/or 
groups) in the system (Jakeman et al., 2007).  Interacting agents are described by simple rules, 
such that whole system behaviour can be modeled using individual agents (Macal and North, 
2010).  They are efficient at identifying large-scale outcomes resulting from simple interactions 
between agents (Croke et al., 2007) and have the advantage of being able to deal with spatial 
data, incorporate feedback and being rules based (Kingston et al., 2008).  A major advantage of 
agent-based models is that they are able to represent human decision-making (Kingston et al., 
2008), however, they are disadvantaged by their requirement of specialist programming skills and 
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therefore are not easy to implement.  This may limit transferability within and between 
jurisdictions. 

Given the disadvantages of these frameworks in the context of NAWFA, another method of 
integration needs to be considered.  While the modelling frameworks discussed above may play a 
role in the integration, they would not be appropriate frameworks to apply in isolation.  
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Table 58.  Appropriate use of integrative modelling approaches (from Jakeman et al., 2009). 
Approach Data types Resources 

required 
Suitability to 
handle 
uncertainty 

Suitability to 
handle 
uncertainty 

Space 
treatment 

Time 
treatment 

Breadth 
versus depth 
of interactions 

Application 

Bayesian 
networks 

Qualitative and 
quantitative 

Low to high Explicit Medium Low  Both Prediction 
Decision 
making 
System 
understanding 
Social learning 

System 
dynamics 

Qualitative and 
Quantitative 

Low to high Implicit Medium High Both Decision 
making 
System 
understanding 
Social learning 

Agent-based Quantitative Medium to high Implicit Medium High Both System 
understanding 
Social learning 
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ADAPTIVE NATURAL RESOURCES MANAGEMENT  

The discussion documented in previous chapters of this document demonstrate that natural 
resource management (NRM) in northern Australia is complex and involves several levels of 
uncertainty and system understanding that should be considered.  It involves identification of a 
ʻdesired stateʼ (what do we want the condition of the system2 to be?), an understanding the 
apparent (or current) state and the generation of management actions/decisions that would be 
required to move from ʻcurrentʼ to ʻdesiredʼ endpoint (essentially a negative feedback system, see 
Forrester, 1994).  The process of adjusting decisions as a result of information generated through 
our actions is called adaptive management (Walters, 1986) and requires an effective monitoring 
system as part of the feedback loop. 

Adaptive management is a framework that has been extensively applied to assist managers in 
making decisions.  It is based on the premise that management decisions are often made with 
incomplete knowledge, or with data from disaggregated sources.  Ideally, adaptive management 
allows for monitoring the effects of management decisions and associated actions.  In cases 
where management decisions have not achieved the desired objectives, feedback loops within 
the management framework allow for the adaption, or modification, of previous management 
decisions, with the aim of achieving desired management outcomes.  

Adaptive management allows resource managers to ʻtestʼ management actions or decisions, 
evaluate system-response, adapt strategies used to achieve management goals and re-
implement actions based on what they learned (Walters, 1986; Walters, 1997).  Adaptive 
management is a useful framework when uncertainty in system response is high, or when there is 
lack of understanding of key underlying processes.  The framework helps, for example, to decide 
whether it is better to invest in more monitoring to understand key processes or to invest in 
actions that are known to guide the system toward the desired state.  However, the adaptive 
management framework lacks operational guidelines, such as how to manage the system and 
how to identify when (and if) objectives will be achieved.  

 

MANAGEMENT STRATEGY EVALUATION 

Management Strategy Evaluation (MSE) addresses the “how” and “when” questions raised above, 
by using computer simulation models to integrate socio-cultural, economic and environmental 
objectives with targets and performance indicators to inform management decisions (Smith, 
1994).  Through model integration, MSE makes adaptive management operational, by allowing 
managers to establish management objectives (i.e. if it is possible to achieve the stated objectives 
and when).  MSE also allows comparison of modelled outcomes with objectives (given the 
existing knowledge of resource systems and potential responses to alternative management 
interventions) the way in which these can be observed and how managers interpret and use 
information in their decisions (Dichmont et al., 2006b; Dutra et al., 2010; Dutra et al., under 
review; Dutra et al., 2011a; Kell et al., 2007).  With the support of MSE, managers, policy-makers 

                                                        
2 “System” is defined in the literature as a set of interrelated elements forming a complex whole 
(Pegassus Communications Inc. 2006). In this assessment “system” is defined as the natural 
resource and associated ecological services, as well as the people and how they interact with and 
use resources, including the economic dimension. 
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and stakeholder groups can assess alternative management regimes (under different scenarios) 
and make explicit the inevitable trade-offs involved in decision making.  The evaluation of different 
management strategies is made against user- and resource-orientated objectives set by 
managers that take into account various stakeholder views and needs (Butterworth et al., 2010).  
MSE is carried out by simulations, conditioned on available data and projecting into the future 
under various assumptions and scenarios.  The simulations usually incorporate stochasticity in 
one or more processes, which gives them the potential to produce quantitative statements of 
probabilities and risk. Managers use quantitative MSE with the aim of evaluating potential 
management actions objectively (Kraak et al., 2010). 

MSE requires the representation of two systems to assess management strategies: the natural 
system and the management strategy system (Figure 197).  The natural system is represented by 
an operating model (OM), which essentially simulates the ʻworldʼ to be managed.  The OM 
represents plausible hypotheses about how the world works and is intended to test the 
robustness of management strategies given current knowledge and what we can and cannot 
control.  The management system is represented by the management model, which includes an 
assessment model to derive estimates of performance from simulated observations (e.g. 
monitoring programs).  Outputs from the assessment model inform the management model about 
actions to be implemented (Dichmont et al., 2006b; Kell et al., 2007), potentially modifying 
management objectives.  

 

 
Figure 197:Representation of Management Strategy Evaluation. 

 

Defining the ʻdesired stateʼ of the management system and comparing apparent and desired 
conditions are critical elements of the adaptive management feedback system.  Below we 
describe application of MSEʼs to three Australian case studies.  The case studies focus on the 
objectives of MSE, description of models, and a discussion of outcomes and lessons learnt.  The 
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case studies will provide insights to MSE capabilities that will be useful in the evaluating the 
applicability of a NAWFA MSE provided in the following sections. 

 

Northern Prawn Fisheries 

The Northern Prawn Fisheries (NPF) is a multi-species, multi-stock prawn fishery northern 
Australia.  The aim of the MSE was to evaluate various aspects of a management system for the 
NPF, including: 

 

• how different management strategies perform in terms of their ability to satisfy the 
management objectives, and; 

• the impact of future levels of fishing effort (Dichmont et al., 2006b; Dichmont et al., 2006a; 
Venables et al., 2009; Dichmont et al., 2008). 

 

The operating model and the management strategies were linked though the data generation and 
the effort allocation modules; the data generation module provided the data (with uncertainty) 
used by the assessment procedure based on simulated monitoring of the “true” resources, while 
the effort allocation module determines the fishing mortality on the “true” resources given the 
output from the decision rule and the vagaries associated with implementing management 
decisions in the real world. 

 

• The performance of the management strategies was evaluated in terms of whether stocks 
are left at (or above) the spawning stock size at which Maximum Sustainable Yield is 
achieved (SMSY), the long-term discounted total catch and the extent of inter-annual 
variation in catches.  

• The best management strategy in terms of leaving both species close to SMSY was 
found to be one that changes the timing of the fishing season so that effort is shifted 
between prawn species. 

• The complex spatial and temporal changes in the relative distribution of the tiger prawn 
species means that even fairly complicated management strategies do not satisfy the 
management goals without being highly precautionary. 

• Adding implementation error widens the intervals describing the range of effort expended 
annually by species, which then impacts catch and stock status. 

 

South East Queensland Catchment to Coast 

Southeast Queensland (SEQ) has one of the highest population growth rates in Australia and is 
expected to grow from 2.8 million to about 4 million people by 2026.  This growth will inevitably 
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cause changes in land use, requiring the construction of additional infrastructure, such as roads, 
rails, bridges and houses. Increased population will also increase demand for water, sewage 
treatment plants and recreational areas in SEQ waterways, which will negatively impact 
waterways health (Abal et al., 2005). 

The objective of the MSE was to demonstrate a collaborative approach to the construction of a 
ʻcatchment-to-coastʼ MSE for managing water quality (Dutra et al., under review; Dutra et al., 
2011a; Dutra et al., 2010; Ellis et al., under review; Cannard et al., under review-a; Cannard et al., 
under review-b). 

The OM was based on empirical relationships between spatially explicit data collected at 
monitoring stations located on rivers, estuaries and coastal waters.  The OM simulated future 
stochastic observations and propagated the effects of local interventions along the monitoring 
network.  These interventions were applied over a grid cell, which produced a pressure-response 
relationship that changed modelled water quality indicators at its nearest downstream monitoring 
station.  Assessment was made through simulated environmental assessments, which had 
modelled affects on social perceptions and economic outcomes.  For the economic assessment, 
a cost-effectiveness approach was developed, which considers costs required to achieve a given 
level of improvement in water quality. 

The models were integrated into software that was used in participatory modelling exercises in 
collaboration with stakeholders.  The key learnings from this case study are: 

 

• learning about management issues and objectives must be the starting point in any 
Management Strategy Evaluation project; 

• simulation tools should fully encompass the different dimensions of water management, 
including environmental, economic and social objectives; 

• evaluations must rely on indicators which stakeholders are accustomed to; 

• empirical models with fast run-times enable stakeholders to quickly identify trade-offs, 
and key processes that need to be better understood, and; 

• external (regulation, infrastructure) and internal (psychological, behavioural and cognitive) 
factors influence the way managers make decisions. 

 

Daly River 

The Daly River MSE was applied to evaluate water allocation plans for the Northern Territory 
Government (Pantus et al., 2011).  The sub-models contained in the Daly river catchment MSE 
included: 

 

• a decision model (rules that convert information from assessment / monitoring models 
into decisions based on the Water Allocation Plan); 
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• an action model (converts management decisions into actions: e.g. remediation actions, 
groundwater extraction); 

• a response model (responses of catchment water model, groundwater model, economics 
model, habitat model); 

• an observation model (simulation of monitoring programs: where, when and what to 
monitor from the response models); 

• an assessment model (reporting phase where information collected in the observation 
model is analysed using statistical methods and converted into performance measures), 
and; 

• a learning model (compare performance measures to objectives and affects decision 
model, thus closing the loop. 

 

The MSE provided resource managers with a powerful tool in which to compose and simulate 
potential management strategies with great flexibility in development and analysis.  It presented 
trade-offs between economic, social and environmental performance indicators and associated 
uncertainties.  Management strategies included (but were not limited to) reducing/increasing 
groundwater extraction and facilitating economic growth trajectories.   

The Daly River project demonstrated the utility of the MSE approach in terms of: 

 

• The ability to integrate economic, social and environmental performance indicators 
(notably economics, fish habitat, fish stocks, surface and groundwater hydrology and 
indigenous harvest); 

• facilitating the integrating of the science and the management knowledge domains 
resulting in models for water licensing, groundwater water allocation rules, and 
groundwater extractions being applied to the triple bottom line models. 

 

APPLICABILITY OF MSE TO NAWFA 

The case studies presented above suggest that MSE can be successfully used for the 
investigation of both specific issues and broad scale management issues.  The literature also 
suggests that MSE provides useful insights into the decision process as it helps managers 
achieve a better understanding of the intricacies involved in natural resources management and 
an improved understanding of the responses to management actions.  We can therefore draw the 
following conclusions that are relevant to the scope of a NAWFA2 MSE. 

1. Focusing on the development of operating models without stakeholdersʼ insights will 
cause little effect on the way decisions are made. 

2. NRM requires approaches to influence human behaviour, cognition and attitudes.  
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3. Consequently, MSE frameworks need to incorporate approaches to engage stakeholders 
in the decision-making process to promote mutual learning, and shared understanding 
about management issues and needs. 

 

There are obvious benefits by using participatory approaches in MSE.  For instance, by 
incorporating stakeholdersʼ inputs in the design process and allowing managers themselves to 
develop and test their strategies enables them to interpret and own the conclusions of the data or 
model outputs generated (Burt, 2011) and also learn (Ellis et al., under review).  Therefore, there 
is a greater sense of ownership and purpose, which can lead MSE to be more widely used in real-
world situations.  Outcomes from participatory MSE approaches also suggest that the interactive 
model design and simple presentation of model outputs allows users to learn quickly and 
therefore to improve the way they make decisions.  This is at least true to improve the conditions 
of virtual resources in virtual worlds (Boschetti et al., 2011; Dutra et al., 2011a; Fulton et al., 
2011).  

Quantitative MSE can be pursued seamlessly assuming sufficient data to support the construction 
of models and a clear definition of management objectives under multiple-use settings exists.  
However, when these conditions are not satisfied, other approaches should be used to support 
MSE development, data gathering and model development.  

 

SCOPING A NAWFA2 MSE 

The NAWFA2 project scope highlights potential changes in water quality and quantity issues 
associated with climate and development scenarios.  Management Strategy Evaluation (MSE) 
has been used as an operative framework for adaptive management, where policies are treated 
as experiments and decisions are adjusted to steer the management system towards a desired 
state, while also considering monitoring and learning around decision-making. 

The basic structure of a NAWFA2 MSE model is a linkage through water flow from catchments to 
the coast and also the representation of jurisdictions.  Waterways carry sediments, nutrients and 
chemicals, which may affect ecosystems with flow on economic and social consequences.  For 
instance, it is important to understand (through simulation) social, economic and environmental 
responses to flow alteration (e.g water extraction or regulation by dams), point-source and diffuse 
pollution (e.g mining and agriculture), as well as policy and Legislation (e.g. resource regulation, 
pricing and incentives for agriculture.  It is also critical that economic benefits, costs and impacts 
of development and water management on social and cultural values of indigenous communities 
are understood and included with the MSE and more generally in adaptive management 
frameworks.  

Traditionally MSE development has been time consuming, data/knowledge hungry and has 
required a team of experts.  These requirements have evolved from the application of MSE 
fameworks to manage complex spatial and temporal changes in multispecies assemblages (see 
Dichmont et al., 2006b; Fulton et al., 2011; McDonald et al., 2008; Venables et al., 2009).  More 
recently, models, and particularly the whole model building process, have been used to support 
dialogue, learning and negotiation processes (Brugnach, 2010), thereby and promoting 
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communication and mediation tools in collective stakeholder decision-making (Senge, 1990; 
Shaw, 2002; Stacey, 2001; Stacey, 2007).  These approaches can be used with stakeholders to 
elicit the broad system understanding and strategic insights that can be derived from the 
integration of knowledge in an MSE framework. 

Qualitative modelling is one approach that can be used in this context because it provides an 
attractive way of decision-making in knowledge poor environments.  The approach allows a 
formal analysis of qualitative consequences of management decisions (through feedback loops), 
such as the predicted direction (positive, negative or stable) of change/response. (Dambacher et 
al., 2002; Dambacher et al., 2003; Kraak et al., 2010).  The qualitative model identifies the 
feedback properties of the modelled system, which can provide insight into its likely response and 
future state of the system if it is perturbed (Dambacher et al., 2002; Dambacher et al., 2003).  
This approach has immense utility for guiding the development of adaptations (Plagányi et al., 
2011), to incorporate stakeholdersʼ insights into the model (Fulton et al., 2011) and include expert 
knowledge and divergent opinions.  Another method that has been commonly used to fill gaps in 
empirical information is to incorporate expert opinion into a Bayesian belief network (BBN, see 
above).  Hosack, et al. (2008) designed a method that combines qualitative models with BBNs to 
assist ecologists, risk practitioners, and natural resources managers in predicting how 
ecosystems might respond to a disturbance, in exploring the dynamics of alternative model 
structures, in performing model diagnosis, and in optimizing the allocation of resources for 
monitoring programs.  

 

PRELIMINARY NAWFA QUALITATIVE MODEL 

We used the approach developed by Hosack et al. to explore system trajectories and feedback 
loops to scope a qualitative NAWFA2 MSE presented below.  The model is a prototype that can 
be used to facilitate dialogue between researchers and resource managers of jurisdictions.  It is 
intended as a starting point for discussion rather than a definitive description of how the system is 
integrated.  The approach will help stakeholders to frame the questions to be answered, better 
appreciate the conflicting objectives, gain insights into the decision process and decide which key 
processes must be included into the MSE.  The information collected can then be used to 
construct a quantitative MSE in the future. 

Qualitative models use signed digraphs to depict relationships between multiple variables within a 
larger ʻsystemʼ. The links between variables describe either positive or negative direct effects 
(Plagányi et al., 2011).  This type of modelling not only permits inclusion of variables known to be 
important but for which uncertainty is high, it also allows variables of disparate form to be 
considered.  Such approaches support conceptual syntheses across disciplines and provide an 
ideal entry point for any modelling of socio-ecological systems.  

The first stage towards the systematic exploration of a NAWFA MSE is to propose a general 
conceptual model of largely generic causal relationships.  The conceptual model is constructed 
following Levins (1974) ʻloop analysisʼ method, using signed digraphs (signed-direct graphs), 
where the links between variables describe either positive (—>) or negative direct effects (—•).  

In this work, we proceed with analysis of signed digraphs and present only the basic principles 
required to understand our analysis of the NAWFA2 models.  More detailed treatment of the 
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mathematics involved can be found in Dambacher et al. (Dambacher et al., 2002); Levins (1998; 
1966) and Puccia and Levins (1985).  Additionally, computer programs for qualitative analyses 
can be found in the most recent revision of Supplement 1 of Dambacher et al. (2002) in Ecological 
Archives E083-022-S1 at http://www.esapubs.org/archive/. The combined qualitative modelling 
and BBN method can be found in Hosack et al. (2008) and a description/tutorial of the method 
can be accessed through the Ecological Archives A018-035-S1 at 
http://esapubs.org/archive/appl/A018/035/suppl-1.htm.  

 

Description of NAWFA2 model  

Below we illustrate the use of the combined qualitative modelling / BBN approach to analyse the 
effects of development (under different climate change scenarios) on social, environmental and 
economic indicators in northern Australia.  The approach highlights the utility of a simpler, quicker 
tool compared to the more complex data-intensive approaches described earlier.  This is by no 
means a comprehensive model, but an illustration on how the approach can be used to 
integrate outcomes from the multiple NAWFA projects (described in previous chapters of this 
report) to support decisions in northern Australia.  As mentioned earlier, the model can (and 
should) be refined with active participation and input from stakeholders. 

The simple model framework (Figure 198) is based on material found in the proceeding chapters 
and summarised in the conceptual models presented Chapter Six.  Across northern Australia, 
typically more than 90% of annual rainfall and runoff occurs during the wet season and during this 
period groundwater recharge occurs via a combination of diffuse infiltration of rainfall, floodplain 
inundation and leakage from losing streams and rivers.  In the subsequent dry season, river flows 
recede rapidly and the majority of surface water features cease to flow (with some exceptions, 
such as the Daly, Roper and Fitzroy river) or even dry completely before the following wet season 
(see Chapter Three). 

Predicted climate related changes to rainfall are uncertain; the IPCC (Hennessy et al., 2007; 
IPCC, 2007) suggest that rainfall may increase or decrease.  Because of such uncertainty we 
constructed alternative models depicted in Figure 198: A) Model with climate change where 
climate change increases rainfall; B) model where climate change decreases rainfall; and C - no 
climate change. Null models (not shown) were introduced as benchmarks to judge the 
performance of signed di-graphs.  The null model allocates equal probabilities of observing an 
increase, decrease or no response across every possible prediction.  

Development is likely to reduce river flows in the north with water being abstracted for agriculture, 
hydroelectricity generation, mining and town supply.  River flow and floodplain inundation are 
important for biodiversity (connectivity), also allowing for breeding habitats (Chapter Three and 
Chapter Five).  Any reduction in flow will therefore have impacts in the timing and duration of flood 
events, which are vital triggers for the breeding and migration of fish (Chapter Five) and 
waterbirds (see appendix A for time lag analysis, correlation and possible threshold effects of 
water flow on waterbirds abundance).  These changes in aquatic habitats and dependent fauna 
can have an impact on the traditional owners (indigenous traditional values) who benefit from the 
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fauna in terms of food and cultural significance, with flow on effects on tourism (which generates 
local income). 

 

 
A 

 
 

B 

 
 

C 

 
 

 

Figure 198.  Alternative conceptual models where aquatic ecosystems are under threat 
due to development (hydropower generation, water extraction) and climate change (sea 
level rise and increase in temperature). A) Positive effect of climate change (CC) on river 

flow through increase in rainfall (RFlow), B) Negative effect of climate change on river flow 
through decrease in rainfall, C) no climate change. Aquatic Habitats: AqHab; River Flow: 
RFlow; Bush Tucker (birds, turtles, fish): BT; New Residents: NRes; Indigenous Cultural 

Values: ICV; Development: Dev; Climate Change: CC; Tourism: Tour. 

 

Outcomes of model structure analysis 

The conceptual model constructed as part of this study probably lacks fundamental processes 
and feedbacks that can only be included though interaction with stakeholders.  Nevertheless, the 
analysis of model structure suggests that there is no difference in model structure between the 
models with (Figure 198 A & B) and without (Figure 198 C) climate change (in terms of 
probabilities of increase, no response and decrease in model variables).  The analysis also 
suggests that an increase in development poses a greater threat to socio-cultural and ecological 
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indicators in north Australia, thus supporting the results described in Chapter Four.  No input to 
development shows high probabilities of no responses in observation variables (Table 59). 

 
Table 59. Probabilities of response variable under positive and no input to development 

on model variables. 
 Positive Input from Development No input to development 
 Increase No 

Response 
Decrease Increase No 

Response 
Decrease 

River Flow 1.97 1.97 96.1 2.03 95.9 2.03 
Aquatic 
Habitat 

1.90 1.90 96.2 2.03 95.9 2.03 

Bush Tucker 1.90 1.90 96.2 2.03 95.9 2.03 
New 
Residents 

4.43 4.43 91.1 2.03 95.9 2.03 

Indigenous 
Cultural 
Values 

1.78 1.78 96.4 2.03 95.9 2.03 

Development 96.1 1.97 1.97 2.03 95.9 2.03 
Climate 
Change 

2.03 95.9 2.03 2.03 95.9 2.03 

Tourism 1.66 1.66 96.7 2.03 95.9 2.03 

 

MSE is essentially a tool that helps managers achieve their goals in an uncertain world.  
However, the literature is not clear about how MSE can be used to design management 
strategies, or where the strategies tested in MSE come from.  Also, there is no recommendation 
about how to incorporate the improved information created with MSE into real-world situations, as 
this is essentially a problem of preferences and choices.  How MSE can be used to influence 
these preferences and choices in a collaborative process is therefore a critical question. 

As a result MSE needs formal stakeholder engagement to facilitate a shared understanding about 
the issues affecting the resource or strategy development.  We argue that stakeholder discussion 
is important to promote understanding of NRM issues and to facilitate broader stakeholder and 
scientific engagement in the development of suitable decision support models. 

As NRM problems and their solutions are often ill defined, it seems reasonable to argue that 
defining and learning about objectives must be the starting point of any MSE project.  We propose 
a three-staged approach, which considers (i) an initial phase to elicit values and objectives to 
understand management issues and engage with stakeholders; (ii) a future projection phase that 
is informed by the values elicited in (i) and uses scenario-building techniques along with simple 
computer models (e.g. the qualitative modelling / BBN approach described above) in a 
participatory setting with stakeholders.  The future projection phase aims to synthesise current 
knowledge, assist in refining objectives and support strategy development through trial and error 
in a ʻvirtual worldʼ.  The third and final stage would develop refined ecosystem models (informed 
by stage (i) and (ii)), with improved spatial and temporal resolution that help managers evaluate 
likely consequences of their strategies on more specific issues of interest.  These more refined 
computer models can also assist to balance investments between understanding processes and 
taking actions. 
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Elicit values and objectives 

The initial step in the prescriptive use of MSE is to allow resource managers to articulate and 
understand their objectives to assist them in selecting meaningful decisions to consider, to create 
management alternatives and to evaluate more carefully the desired state of affairs they envision 
(Keeney, 1992).  The objectives elicited in this phase will guide managersʼ intentions; what do 
they want to achieve in the decision context they face?  In short, this phase is designed to assist 
decision-makers to collectively understand what they want and how they should go about it.  

The elicitation of objectives uses initially one-to-one interviews (Dutra et al., 2011a; van der 
Heijden, 1996) to understand how values are currently guiding actions, where the overarching 
objectives should be thought through, discussed and listed.  During these interviews it is 
important to clearly articulate why these objectives are important, i.e. the reasoning behind them 
and how it relates to other objectives (Keeney, 1992).  For example, an initial objective might be 
to improve fish populations in a hypothetical protected area.  The reason for this might be to allow 
fish larvae to be exported to areas outside the protected area, thus increasing the well being of 
fishers who depend on the resource.  This is a much more fundamental objective than the former 
and they are influenced by aspects of the national park other than number of fish.  Objectives 
(used here as a synonym of values and goals) are the criteria by which the possible actions are 
evaluated i.e. they are principles used for evaluation (Keeney, 1992).  Consequently, they are 
used in MSE models to compare objectives to simulated outcomes. In the fisheries example 
above, using only the objective of ʻimproving fish populationsʼ is inadequate as it does not help 
the decision maker to distinguish among the various courses she/he can take.  Thus, additional 
goals must be sought.  

Because of the diversity of expertise often represented within a stakeholder group, it is often 
difficult to decide which objectives should be guiding decisions.  The outcomes of the elicitation 
phase are used to design the scenario-planning phase and construct simulation models that are 
used in participatory exercises. 

 

Scenario planning 

Scenario planning has developed over many years and is now a widely recognised method used 
to explore uncertainty (Burt, 2011; Morecroft and Sterman, 1994; van der Heijden, 1996).  It aims 
to broaden the scope of thinking about some particular issue, re-framing their worldview, whilst 
ensuring that it remains their worldview (Burt, 2011).  Scenario planning has the potential to 
support MSE because the approach helps managersʼ socially construct their reality in a simulated 
environment, which is often not explicit nor well understood.  Scenarios are the means to 
construct reality through sense-making (Burt, 2011) and constructing scenarios requires 
structuring and restructuring of perceptions, based on negotiation and agreement of meaning, and 
alignment or accommodation of diverse views. 

Scenarios are informed by data from the interviews and also from external data sources, such as 
biophysical data about the ecosystem and socio-economics data about groups influenced by 
decisions, processes and activities surrounding the resource.  These are all incorporated into the 
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scenario-building exercise and will also inform the construction of refined ecosystem models for 
MSE (Figure 199). 

After collecting the relevant information surrounding the natural resource and its management 
scenario, planning workshops are organised with stakeholders. The workshops are designed to 
allow participants to generate and share their concerns through a process of idea generation.  
This process allows individuals to develop an understanding of the collective concerns of the 
group.  These concerns are initially unstructured, but through a process of amalgamation, they 
are linked together producing an overall conceptualisation (Burt, 2011; van der Heijden, 1996).  In 
this phase, system-mapping techniques are used in the construction of a conceptual model (Dutra 
et al., 2011b; Levins, 1966; Özesmi and Özesmi, 2004).  The amalgamation of outcomes from the 
system maps is the negotiated representation of emerging concerns.  This is based on the 
participantsʼ perception and expression of critical uncertainties. 

 

 
Figure 199: Representation of the process followed in scenario planning. 

 

Next, the participants rank and prioritise the range of critical uncertainties involved in the NRM 
under question.  Prioritisation helps managers identify the two most impactful and least 
predictable uncertainties.  These uncertainties are then further discussed and explored to identify 
possible outcomes in the future in terms of plausible extremes, illustrating the range of 
uncertainty, and also the driving forces behind these uncertainties.  By combining the possible 
outcomes in a scenario-structuring matrix, participants are then able to define very different, but 
equally plausible alternative scenarios (Burt, 2011). 

Having articulated a basic framework for a minimum of four plausible scenarios the management 
team then embarks on developing each of these possible futures in further detail.  This requires a 
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structured process in which participants create a logical story of events showing pathways from 
current reality to the end-states, projected into the future (tens of years).  Building scenarios 
requires participants to identify and reflect on their perspective on history, articulating what they 
now know of events in the past that are relevant to the scenario story.  This process is assisted by 
inviting managers to articulate what contemporary events are known, relevant and present in their 
story.  Finally, in building the story, participants are required to debate and explain how these 
events interact and develop, ultimately leading to the end-state specified in their values.  During 
this exercise, participants identify driving forces that challenge their business-as-usual way of 
thinking (Burt, 2011).  The management team then proceeds to re-tell the scenario, now making 
sure that the events in the storyline projects fully the behaviour and outcomes of the systems 
model that they develop.  The systems map incorporates feedback loops, thus revealing the 
underlying systemic drivers creating change to the system under study.  

The storyline and system model can be translated into a ʻsimple virtual worldʼ where participatory 
modelling techniques, such as role playing games (Barreteau, 2003), group and mediated 
modelling (van den Belt, 2004; Vennix, 1996) can be used depending on the objectives of the 
exercise.  The simulation models used in this phase allow participants to try out management 
alternatives seamlessly (Dutra et al., 2011a; Fulton et al., 2011) so they can learn about potential 
effects of their actions and whether their actions will help them achieve their objectives or not.  
Participatory modelling techniques can be also used to elicit, change and communicate values to 
all involved.  However, care must be taken not to push individuals or groups into situations that 
will embarrass them with the risk of undermining the whole MSE process.  Another important 
point is that not all individuals feel comfortable during group activities, and alternatives should be 
explored when the group does not want to use such approaches.  An example of a simple way of 
addressing this is through explicit communication of values in short written documents that are 
collectively reviewed and discussed. 

 

Designing and evaluating management strategies 

The influence diagrams (a diagrammatic representation of causal links) constructed during the 
scenario planning exercise can be tested for their structural uncertainty using approaches such as 
qualitative modelling (Dambacher et al., 2007; Hosack et al., 2008), system dynamics models 
(van den Belt, 2004) and Bayesian Belief Networks (Kuhnert et al., 2010) before proceeding with 
the construction of models for the participatory modelling exercise.  A two-staged modelling 
approach, as described by Fulton et al. (2011), can be used in this phase. Firstly, simple 
simulation models (or ʻvirtual worldsʼ) are used in an MSE context to allow managers to design 
and try different management strategies and learn about the impacts of their actions on their 
objectives. The scenario-planning phase informs the ʻvirtual worldsʼ, thus allowing simulation 
outcomes to be tested against management objectives using MSE models. Secondly, the learning 
and decision-making processes (elicited during the first stage) can be incorporated in an 
ecosystem model (with refined spatial and temporal resolution) to explicitly evaluate the 
performance of various strategies on selected social, environmental and economic indicators. 
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7.2.3 SUMMARY OF INTEGRATION MANAGEMENT 
An integrated assessment approach is required to effectively assess risks to ecological and 
social/cultural assets associated with hydrological changes due to water resource development or 
climate change on northern Australian aquatic ecosystems.  By synthesizing a number of different 
perspectives, integration can improve understanding and also the application or implementation of 
research knowledge.  Management Strategy Evaluation frameworks provide an effective tool for 
this purpose and have been used successfully for managing a variety of complex natural resource 
management issues.  The test-application of a combined qualitative modelling / BBN approach to 
analyse the effects of development (under different climate change scenarios) on social, 
environmental and economic indicators in northern Australia highlights the utility of this approach 
as a relatively simple and rapid management tool, capable of addressing complex interacting 
management issues. 

 

7.3 MANAGEMENT CAPACITY TO ADDRESS THE LIKELY 
IMPACTS OF CLIMATE CHANGE AND DEVELOPMENT IN 
NORTHERN AUSTRALIA 

This project has assessed and identified the likely risks associated with climate change and 
development to the hydrology and ecology of aquatic ecosystems in northern Australia.  This 
assessment has been undertaken at a regional scale and also for focal catchments identified as 
high priority/at-risk by water managers in Western Australia, Northern Territory and Queensland.  
The regional assessment provides context of potential risks across jurisdictions, ʻflow-typesʼ and 
biogeographic and climate boundaries therefore providing important information for high-level 
management when considering relative risks of climate change and development across northern 
Australian aquatic ecosystems.  This regional assessment is also particularly important for 
groundwater dependent systems (rivers, wetlands and springs), relying on groundwater 
resources, or influenced by climate and landuse, that extend beyond management boundaries. 

In most cases, management of these risks will be implemented within each of the jurisdictions 
following the development of management plans. Management of these risks is likely to include 
aspects of water management planning, monitoring and assessment including for example, 
environmental water requirements, environmental health and flow assessments. 

In this section, a preliminary assessment of the capacity to address the likely impacts of climate 
change and development on northern Australian aquatic ecosystems is provided.  Regional water 
managers in Western Australia and Queensland provided a preliminary assessment of the 
capacity to address these risks consideration of the following key questions: 

 

• Do the likely risks associated with climate change and development (within and among 
catchments) align with current assessment priorities? 
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• Do the likely risks associated with climate change and development (within and among 
catchments) reflect current management objectives? 

• Do current management frameworks have the capacity to adequately monitor and assess 
potential impacts of climate change and development? 

 

This assessment provides a preliminary indication of how ʻwell-placedʼ northern Australian 
Jurisdictions are to manage the consequences of climate change and development.  This will 
undoubtedly require further and more detailed consideration by each of the jurisdictions. 

In the sections below, a summary of the key project findings, including a broad overview of the 
potential risks associated with climate change and development (including specific risks for each 
of the focus catchments) is provided for each jurisdiction.  Assessment of capacity to address 
these risks through current management frameworks is then provided.  

 

7.3.1 SUMMARY OF KEY FINDINGS 
The report has thus far explored and reported on the following; 

 

• surface and groundwater regimes, geomorphology, ecological and socio-cultural 
values/processes including; 

• major development and climate change impacts on ecological assets, and; 

• likely impacts of future developmental and climate change scenarios on ecological 
assets. 

 

Major findings from numerous investigations addressing each of these broad areas are provided 
in the following sections. 

 

SURFACE-GROUNDWATER INTERACTIONS 

Although information is scarce, groundwater dynamics for northern Australia are presumed to be 
highly variable.  Groundwater recharge is expected to be lowest in arid regions (e.g. catchments 
in the Gulf of Carpentaria) and highest in wet-tropical climates and catchments that experience 
long periods of floodplain inundation (e.g. the Daly River catchment).  Groundwater discharge is 
significant in supporting ecological integrity in the Kimberley, Ord-Bonaparte, Arafura, Northern 
Coral region and the south west and south east Gulf regions.  Impacts of climate change on 
groundwater dependent systems are likely to be more immediate in those fed by shallow, local 
and unconfined aquifers e.g. Flinders-Leichardt, Mitchell and Kimberley.  Development impacts 
on groundwater are largely unknown apart from notable impacts such as extraction.  
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QUEENSLAND SURFACE WATER REGIMES 

The Queensland rivers (Leichhardt, Flinders, Gilbert and Mitchell) are highly seasonal, with peak 
flows and flooding in the wet season and long periods of zero flow in the dry season.  Full water 
resource development of these rivers will cause an increase in the number of zero flow days 
across all systems, with the greatest impact felt in the Leichardt catchment, where significant 
reductions in high flows and a 43% loss of flow will occur.  Climate change in the region will 
additionally exacerbate impacts on flow. 

 

HYDRO-ECOLOGICAL LINKAGES AND EFFECTS OF CLIMATE CHANGE AND 
DEVELOPMENT 

Stream flow in northern rivers is extremely seasonal (with over 90% of annual flow occurring in 
the wet season) and dependent ecosystems are adapted to both high wet season and low dry 
season flows.  The consequence of flow changes on ecological systems is largely unknown.  In 
the absence of specific thresholds, standard high and low flow metrics derived from historical river 
flow data have provided useful means of assessing the likely flow alterations due to climate 
change and development.  These metrics also enable comparisons between regions.  The 
exceedence of high and low flow thresholds in most northern rivers under future climate scenarios 
are large, and likely to have significant impacts on biota.  Under dry climate change scenarios, 
low flows are likely to be altered significantly, with further exacerbation of impacts when combined 
with development scenarios.  Flooding is an important hydrological asset providing connectivity 
and facilitating movement across the floodplain, however under dry climate change scenarios 
flood frequency is greatly reduced, with severe ecological impacts.  

 

IN-STREAM POOLS AS ECOLOGICAL REFUGIA 

In-stream pools form critical refugia for aquatic biota during the dry season. Remotely sensed 
data can be used to quantify pool size and number in order to determine relationships between 
flow and pool formation, and connectivity.  The Daly River shows greater connectivity than the 
Fitzroy and Mitchell due to its larger groundwater contribution, however pools in all three rivers 
are generally small, with the number of pools increasing as the dry season progresses.  
Relationships between pool number and flow are quite different for each river and additional 
information is required to determine ecologically acceptable low flows. 

 

FLOOD EXTENT AND CONNECTIVITY 

Flood flows and pulses connect floodplain wetlands with main river channels, and are the major 
determinant of floodplain biodiversity.  Hydrodynamic models can be used to quantify the timing, 
duration and frequency of connectivity of floodplain wetlands and the main river channel.  
Modelling of flood flows in the Fitzroy River catchment indicated that the duration of connectivity 
depended upon distance from the main channel and landscape topography.  Lower regions of the 
floodplain had greater connectivity due to longer durations of inundation.   
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IMPACTS OF CLIMATE CHANGE AND DEVELOPMENT 

Climate change and development scenarios pose significant and varied of risk to aquatic 
ecosystems and HCVAE99 assets.  Risk assessment revealed an overall risk to aquatic 
ecosystems from development in 2010 around five times greater than that from a projected 1m 
sea level rise in 2100.  Together, the cumulative risks associated with climate change and 
development was approximately 45%.  The greatest risk to aquatic ecosystems from development 
occurred in the Ord-Pentecost, Finniss-Adelaide-Mary-Roper, and the southern Gulf of 
Carpentaria basins.  These high-risk areas reflected the distribution of agricultural 
landuse/intensity in the region.  Risks to aquatic ecosystems from a 1m sea level rise were 
greatest in the Joseph-Bonaparte Gulf, northern Arnhem Land and the southern Gulf of 
Carpentaria. In contrast, risks to HCVAE99 assets from development were only twice that of sea 
level rise, with a combined risk of around 1%.  High regional variation existed, with the greatest 
risk from development centred in river basins around Darwin, the upper Daly, southern Gulf of 
Carpentaria and western Cape York.  Risks from sea level rise to HCVAE99 assets were greatest 
in basins of Adelaide-Mary, the Alligator River Region (Kakadu National Park), coastal sub-
catchments of the Roper River basin and basins in the southern Gulf of Carpentaria and western 
Cape York. Sea level rise risk is patchily distributed, and most likely depends on the length of 
coastline each river basin has, and the extent of adjacent aquatic ecosystems prone to flooding.  

 

BIOLOGICAL AND ECOLOGICAL FLOW RELATIONSHIPS 

Connectivity in the landscape, particularly for the movement and migration of fauna is critical for 
the maintenance of ecological integrity, genetic structure and biodiversity.  There currently exists 
a good understanding of seasonal components and key features of the hydrograph, however 
limited knowledge is available on the ecological response to timing and rates of rise and fall of 
surface flow and groundwater levels.  The duration of floodplain inundation is a critical driver for 
floodplain and in-stream productivity, and the subsequent incorporation of carbon into the food 
web.  Perenniality and mean annual flow are key drivers for fish abundance and diversity, as 
habitat connectivity allows movement for spawning, recruitment and therefore genetic transfer.  
The tolerance of dissolved oxygen and temperature by fish is highly variable and largely 
unknown.  Whilst long-term diel data is limited, current evidence suggests a critical thermal 
maximum of around 40°C. 

 

RISK PROFILES FOR REGIONS AND CATCHMENTS 

Western Australia 

Western Australian catchments and waterways are dominated by ephemeral systems, with 
predictable but highly intermittent summer flow and short periods of floodplain inundation.  
Groundwater discharge is significant in supporting the ecological integrity of a number of wetlands 
in the Kimberley, particularly those on the Dampier Peninsula. 
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Waterways in the region have typically low levels of disturbance. Among the most at-risk from 
development in northern Australia are the aquatic ecosystems of the Ord-Pentecost basin 
(reflecting agricultural use), whilst climate change and a projected 1m sea level rise pose a 
significant threat to ecosystems within the Joseph-Bonaparte Gulf region.  In groundwater 
dependent systems fed by shallow, local and unconfined aquifers, the impacts of climate change 
will be more immediate. 

Mining activities are a significant threat through increased water resource use, increased 
infrastructure and the concentration of populations.  Additionally, invasive weeds and feral 
animals, grazing, and altered fire regimes threaten waterways across the Kimberley region (Dixon 
et al., 2009).  Irrigation schemes impact local fish stocks, fish passage and migration, and cause 
the loss of places of cultural significance (Beckwith and Associates, 1999, Stoeckl et al., 2006). 

Below are risk summaries of focal rivers within W.A: 

 

Cape Leveque Coast  

• Total risk: Medium. 

• Six threats are identified in the catchment including transport and communications, 
manufacturing and industrial, grazing natural vegetation, mining, river disturbance and 
sea level rise. 

• Dominant threat: grazing natural vegetation, with 1,817,260 ha or 79% of the catchment 
affected.  

 

King Edward River 

• Total risk: Lower. 

• Two threats are identified in the catchment including river disturbance and sea level rise.  

• Threats are equal in risk, with sea level rise effecting 2,715 ha or 0.16% of the catchment. 

 

Northern Territory 

Northern Territory catchments and waterways are comprised of perennial systems with stable 
summer baseflow and long periods of floodplain inundation (i.e. Daly River), as well as ephemeral 
systems with predictable, highly intermittent summer flow.  Groundwater discharge is an important 
feature of some catchments, maintaining perennial flow during the dry season months. Rivers in 
the Top End are remote systems, with low gradients and extensive floodplains and coastal 
wetlands communities. 

Aquatic ecosystems of the Finniss-Adelaide-Mary-Roper basins are among the highest at-risk 
from development (reflecting agricultural use) in northern Australia, whilst climate change and a 
projected 1m sea level rise pose a significant threat to ecosystems of northern Arnhem Land. 
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Some of the greatest development risks to HCVAE99 in northern Australia occur in basins 
surrounding Darwin and the upper Daly River basin, whilst risks to HCVAE99 assets due to sea 
level rise are significant in the Adelaide-Mary basins, basins of the Alligator Rivers Region 
encompassing Kakadu National Park, and coastal sub-catchments of the Roper River basin.  

Increasing pressure from mining, pastoral diversification and tourism, and their associated 
demands on water resources represent significant threats to N.T. catchments. Climate change, 
and sea level rise in particular, threaten the lower reaches, including estuaries of drainage 
channels. The development of groundwater resources in the Daly and Roper River regions puts 
substantial pressure on these systems, whilst land tenures in the Daly region are associated with 
the most intensive current and future water usage. 

Below are risk summaries of focal rivers within N.T: 

 

Daly River 

• Total risk: Medium. 

• Twelve threats are identified in the catchment including utilities, transport and 
communications, services, residential, manufacturing and industrial, irrigated agriculture, 
grazing natural vegetation, grazing modified pastures, cropping, mining, river disturbance 
and sea level rise. 

• Dominant threats: grazing natural vegetation (effecting 271,7500 ha or 50.9% of the 
catchment) and cropping (effecting 128,100 ha or 2.4% of the catchment). 

 

Adelaide River 

• Total risk: Higher. 

• Thirteen threats are identified in the catchment including waste treatment and disposal, 
utilities, transport and communications, residential, manufacturing and industrial, irrigated 
agriculture, horticulture, grazing natural vegetation, grazing modified pastures, cropping, 
mining, river disturbance and sea level rise. 

• Dominant threat: transport and communications, effecting 5,930 ha or 0.8% of the 
catchment. 

 

Finniss River (Darwin Harbour Catchment) 

• Total risk: Higher. 

• Fifteen threats are identified in the catchment including waste treatment and disposal, 
utilities, transport and communications, services, residential, manufacturing and 
industrial, irrigated agriculture, horticulture, intensive animal production, grazing natural 
vegetation, grazing modified pastures, cropping, mining, river disturbance and sea level 
rise. 
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• Dominant threats: are waste treatment and disposal (effecting 260 ha or 0.03% of the 
catchment) and utilities (effecting 47 ha or 0.005% of the catchment). 

 

Mary River  

• Total risk: Medium. 

• Seven threats are identified in the catchment including utilities, transport and 
communications, grazing natural vegetation, grazing modified pastures, mining, river 
disturbance and sea level rise. 

• Dominant threats: transport and communications (effecting 260 ha or 2.1% of the 
catchment) and grazing modified pastures (effecting 3050 ha or 0.37% of the catchment). 

 

South Alligator River  

• Total risk: Lower. 

• Three threats are identified in the catchment including transport and communications, 
mining and river disturbance. 

• All threats are of equal risk with transport and communications effecting 885 ha or 0.07% 
of the catchment. 

 

East Alligator River  

• Total risk: Medium. 

• Seven threats are identified in the catchment including utilities, transport and 
communications, services, manufacturing and industrial, mining, river disturbance and 
sea level rise. 

• All threats are of equal risk with sea level rise effecting 19,400 ha or 1.3% of the 
catchment. 

 

Goyder River  

• Total risk: Lower. 

• Three threats are identified in the catchment including transport and communications, 
river disturbance and sea level rise. 

• All threats are of equal risk with sea level rise effecting 8,165 ha or 0.78% of the 
catchment. 
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Roper River  

• Total risk: Lower. 

• Nine threats are identified in the catchment including utilities, transport and 
communications, services, manufacturing and industrial, grazing natural vegetation, 
cropping, mining, river disturbance and sea level rise. 

• Dominant threat: transport and communications, effecting 22,110 ha or 0.27% of the 
catchment). 

 

Queensland 

Queensland catchments and waterways are predominantly ephemeral systems with 
predictable/unpredictable, highly intermittent summer flow (i.e. Flinders and the Gulf Rivers) while 
perennial systems with stable summer baseflow (i.e. Mitchell River) are also present. Floodplain 
inundation in both catchment types is of medium length, with overflow between catchments 
occurring during the wet season. Groundwater influence is significant in rivers on the Cape York 
Peninsula and Gulf regions. 

Aquatic ecosystems of basins and western Cape York are among the highest at-risk from 
development (reflecting agricultural use) in northern Australia, whilst climate change and a 
projected 1m sea level rise pose a significant threat to ecosystems (including HCVAE99 in the 
southern Gulf of Carpentaria, particularly Mornington Inlet.  

The dominant land uses in the region are cattle grazing, mining and tourism, with associated 
threats including the grazing of natural vegetation, pastoral development, invasive species, 
altered fire regimes and water resource use and infrastructure. Intensive agriculture occurs in the 
Flinders and Gilbert River basins, with significant areas of irrigated agriculture occurring in the 
upper Mitchell basin. A number of aquifers are used for domestic and agricultural industry, whilst 
further potential water resource development exists with associated threats including interbasin 
transfer (i.e. Barron to Mitchell catchments) and fish stocking and translocation. 

Below are risk summaries of focal rivers within QLD: 

 

Leichardt River  

• Total risk: Medium. 

• Nine threats are identified in the catchment including transport and communications, 
services, residential, manufacturing and industrial, irrigated agriculture, grazing natural 
vegetation, mining, river disturbance and sea level rise. 

• Dominant threat: grazing natural vegetation, effecting 3,269,660 ha or 98% of the 
catchment). 
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Norman River  

• Total risk: Medium. 

• Seven threats are identified in the catchment including transport and communications, 
residential, manufacturing and industrial, grazing natural vegetation, mining, river 
disturbance and sea level rise. 

• Dominant threat: grazing natural vegetation, effecting 4,944,751 ha or 98.5% of the 
catchment). 

 

Flinders River  

• Total risk: Higher. 

• Eleven threats are identified in the catchment including utilities, transport and 
communications, services, residential, manufacturing and industrial, irrigated agriculture, 
grazing natural vegetation, cropping, mining, river disturbance and sea level rise. 

• Dominant threats: grazing natural vegetation (effecting 10,908,980 ha or 99.1% of the 
catchment) and river disturbance. 

 

Gilbert River  

• Total risk: Higher. 

• Ten threats are identified in the catchment including transport and communications, 
residential, manufacturing and industrial, irrigated agriculture, horticulture, grazing natural 
vegetation, cropping, mining, river disturbance and sea level rise. 

• Dominant threat: grazing natural vegetation effecting 10,908,980 ha or 99.1% of the 
catchment. 

 

Mitchell River  

• Total risk: Higher. 

• Twelve threats are identified in the catchment including transport and communications, 
services, residential, manufacturing and industrial, irrigated agriculture, horticulture, 
intensive animal production, grazing natural vegetation, cropping, mining, river 
disturbance and sea level rise. 

• Dominant threats: grazing natural vegetation (effecting 6,821,840 ha or 95% of the 
catchment) and river disturbance. 
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7.3.2 JURISDICTION-BASED ASSESSMENT OF MANAGEMENT, ASSESSMENT AND 
MONITORING PRIORITIES AND FRAMEWORKS 

This assessment considers the key hydrological and ecological features of northern Australian 
aquatic ecosystems that form a detailed and comprehensive set of guidelines for water 
management agencies (Warfe et al., 2011).  These guidelines were developed as part of the 
TRaCK synthesis, and have been used here to develop key assessment criteria (Table 60 - Table 
62.  The assessment criteria listed below also comprise a series of guiding principles and actions 
to ensure that development allows for a sustainable future for northern Australia (modified from 
Pusey, 2011).  Water managers from each jurisdiction were asked to provide a preliminary 
indication in the form of a tick (positive), cross (negative) or question-mark (unsure), of whether 
their states management priorities, assessment and monitoring frameworks addressed the 
criteria.  This assessment was undertaken (by WA and QLD) with consideration of the key flow-
ecology linkages described in Chapter Five as well as the specific risks identified for each region 
and focal catchment summarised above.  Assessment criteria were group into ʻguiding principles 
and actionsʼ (Table 60), ʻwater management planningʼ (Table 61) and ʻwater monitoring and 
assessmentʼ (Table 62). 
 

Table 60.  Jurisdictional assessment of existing and management priorities, assessment 
and monitoring frameworks against natural resource management guiding principles and 

actions (modified from Pusey, 2011).  
Guiding principles and actions WA QLD 
Natural environments valued and recognised for their 
national/international significance 

! ! 
Maintain integrity of ecological processes ! ! 
Protect viability of native species ! ! 
Use cumulative impacts to assess and guide development 
options 

! ! 
Use a regional planning process to manage human 
induced and/or climate related changes to landscapes 

! ! 
Limit activities that directly/indirectly impact natural values 
and ecological processes ! ! 
Promote and coordinate management that is compatible 
with conservation across all land tenures 

! ! 
Promote economic activities that are, or can be compatible 
with natural values and ecological processes ! ! 
Foster collaborative approaches to management that 
includes multiple relevant stakeholders 

! ! 
Promote a ʻconservation economyʼ that has a net positive 
gain for the natural environment 

! ! 
Increase investment in mitigating pervasive landscape 
threats ! ! 
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Table 61.  Jurisdictional assessment of existing management planning criteria (modified 
from Warfe, 2011).  

Water Management Planning WA QLD 
Regional assessment priorities reflect total relative risk to 
catchments (e.g. King Edward low risk, Gilbert River high 
risk) 

! ! 

Includes stakeholder (including indigenous)  
engagement 

! ! 
Adopts a holistic management framework with 
environmental, socio-cultural and economic outcomes ! ! 
Incorporates economic outcomes that recognise customary 
(e.g. wildlife harvest), market (e.g. employment) and State 
(e.g. welfare) sectors 

! ! 

Water flows are recognised as a significant and important 
component of indigenous culture 

! ! 
Water trading frameworks includes indigenous 
representatives and minimise trading of environmental/ 
cultural water 

! ! 

Acknowledges links between landuse change (past and 
future) and aquatic ecosystem health ! ! 
Flow regime management should be based on specific flow 
ecology linkages (e.g. see Chapter five). 

! ! 
Support threatened and culturally important biological 
values ! ! 

 
Table 62.  Jurisdictional assessment of existing assessment and monitoring frameworks 

(modified from Warfe, 2011).  
Water monitoring and assessment WA QLD 
Monitoring and assessment frameworks exist for high priority 
catchments  ! ! 
Flow regime management should be based on specific flow 
ecology linkages (e.g. see Chapter five). 

! ! 
Clear and adaptive frameworks for monitoring and assessment 
of river and wetland health capable of addressing the likely risk 
associated with climate change and development (see 
summaries provided above) 

! ! 

Suitable method, approach and indices for assessing change 
in ecosystems (rivers, wetlands, intermittent and permanent) 
associated with climate change and development, for 
example; 

• Hydrology 
• Riparian vegetation,  
• aquatic fauna 
• Catchment disturbance 
• Water quality 

! ! 

Suitable monitoring of river flows to allow characterisation of 
flow types and requirements in specific catchments 

! ! 
Suitable monitoring of groundwater to allow determination of 
groundwater requirements for rivers and wetlands 

! ! 
Framework for developing/increasing knowledge of critical 
flow-ecology relationships for a variety of flow-types 

! ! 

 
  



Chapter 7: Management implications, knowledge gaps and recomendations 
 

 
Page 515:  Tropical Rivers and Coastal Knowledge Report 

SUPPORTING DISCUSSION 

Queensland 

Queensland has a number of regional planning frameworks linked to legislation that recognise the 
significance of Queensland waters and maintain their ecological processes and viability of native 
species.  These include Water Resource Plans developed under the Queensland Water Act 2000 
and Healthy Waters Management Plans developed under the Queensland Environment 
Protection Policy (Water) 2009.  These and other State policies closely align to the guiding 
principles and actions outlined above. 

In Queensland, the Department of Environment and Resource Management (DERM) is 
responsible for water resource planning including the allocation and sustainable management of 
water to meet Queensland's future water requirements and achieve a sustainable balance 
between human needs and those of the environment.  The Water Resource Planning (WRP) 
process is undertaken to assess the risk of water resource development to environmental assets 
and put in place a Resource Operations Plan (ROP) to implement management rules for water 
allocation that consider environmental flow objectives.  Water quality is managed though Healthy 
Waters Management Plans (HWMPs), which aim to protect Environmental Values that are the 
qualities of waterways that make them suitable for particular human and aquatic ecosystem uses. 
HWMPs establish Water Quality Objectives and the Level of Protection for specific waters and 
these are scheduled under the Queensland Environment Protection Policy (Water) 2009.  Both 
WRPs and HWMPs adopt a holistic management framework with environmental, socio-cultural 
and economic outcomes and undertake extensive stakeholder consultation, including indigenous 
consultation to consider cultural values.  

The Water Resource Planning process in Queensland identifies ecological outcomes and specific 
ecological assets that have critical links to flow.  From a broader set of assets a representative 
subset is selected that have sufficient information to model the effects of various water resource 
development scenarios to inform the planning process and develop ecological flow objectives that 
can be implemented through flow rules in the Resource Operations Plans.  A monitoring program 
is then implemented by regional hydrographers that monitors river flows and groundwater, and 
regional biologists (in the Environmental Flow Assessment Program (EFAP)) to ensure that 
ecological outcomes are achieved. 

 

Western Australia 

The draft Kimberley regional water plan was released in 2010 and provides strategic direction for 
water management in the Kimberley region.  It outlines 6 strategic objectives for water 
management in the Kimberley: 

 

1. Understand Kimberley water resources and water systems; 

2. To manage water resources and systems for sustainable, responsible and appropriate 
regional development; 
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3. To provide clarity and certainty about water allocation, protection and availability for water 
users and the environment; 

4. To protect the regionʼs water dependent values; 

5. To ensure integrated water services are provided to Kimberley communities, and; 

6. To involve the community for effective management of regional water resources. 

 

In Western Australia, water abstraction is managed by issuing water licenses through the Rights 
in Water and Irrigation Act 1914.  The Department of Water licenses all abstractions and 
diversions from groundwater sources and major surface water systems where a requirement for 
management has been identified. 

Water allocation planning guides licensing decisions; where water use is high or increasing, the 
department develops water allocation plans to manage abstraction.  Water allocation plans are 
non-statutory in Western Australia.  Nonetheless, allocation limits are set for most of the stateʼs 
water resources based on simple hydrological or hydrogeological assessments.  For each water 
resource, investment in planning and management varies, depending on how close to full 
allocation, or how critical the water issues are.   

In areas where demand is low, limits are set, but no allocation plan is developed.  Generally, 
allocation plans are developed for resources, where 30 per cent or more of the allocation limit is 
already committed.  For other areas where use is high, two types of water allocation plans based 
may be developed.  Standard plans are developed for medium-demand areas where a lower level 
of planning investment is needed.  These plans are based on existing information, apply simple, 
local management rules and existing statewide policy.  The resource and its values are protected 
by setting allocation limits.  Intensive plans are developed where demand is high.  To maximise 
the water available within these plans, new studies to better inform the planning process are 
commissioned, and there is greater effort in modelling and consultation. We also establish more 
complex management arrangements, including environmental water regimes to maintain resource 
assets and values, as well as impact management rules for licensees. Monitoring in these plan 
areas is much more extensive. 

Water allocation planning identifies where water is available across the state for new and future 
water licenses.  Allocation planning provides water availability information that is needed for 
urban, industrial and other development.  The principle objectives of the water allocation process 
are: 

 

• maximise how much water is available to allocate; 

• maintain the integrity of the resource and the environment, and; 

• establish the required license conditions for a local area, to protect other water users and 
the environment. 

 

To achieve this, the Department of Water: 
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• applies a transparent and consistent process to develop water allocation plans; 

• seeks advice from stakeholders throughout the planning process; 

• provides the necessary effort and funding into an area, depending on the current level of 
allocation and the risk to the resource and its users; 

• uses the best-available information, and; 

• provides for ongoing plan review and adaption. 

 

The above guiding principles (Table 60) are in accordance with the allocation planning process 
and the strategic objectives of the Kimberley Regional water plan.  A guide to the allocation 
planning process in WA can be found at: 

• http://www.water.wa.gov.au/PublicationStore/first/100774.pdf.  

• http://www.water.wa.gov.au/PublicationStore/first/95832.pdf 

 

North Kimberley 

At present the level of water use on the King Edward River is low and appropriate to be managed 
within the licensing process.  Currently there is no monitoring of stream flow, continuous rainfall or 
water quality north of the Isdell River in the North Kimberley.  The water-monitoring network is 
generally considered to be inadequate due to the large area of the North Kimberley sub region 
and high climatic variation both temporally and spatially. 

In the Kimberley, biological monitoring of aquatic health using indicators such as 
macroinvertebrates and fish has been largely ad hoc and with no broad scale, coordinated 
approach using standardised sampling techniques.  An ongoing research program on short-
necked and long-necked freshwater turtles collects ecological data across sites in the Kimberley 
to guide management considerations of these species (Tucker and Fitzsimmons, 2008). Various 
programs also provide baseline data on the distributions and habitat associations of the main 
freshwater and migratory species in the Kimberley and more specifically in the Fitzroy River.  
Assessment of appropriate monitoring programs for Kimberley waterways has also been recently 
undertaken as part of the National Water Commissions, Framework for Assessing River and 
Wetland Health (FARWH; Dixon et al., 2010).  This investigation highlighted a critical need to 
further develop monitoring and assessment protocols capable of the ʻearly detectionʼ of a variety 
of impacts on aquatic ecosystems. 

 

Dampier Peninsula 

There is no board biological monitoring program across the Dampier peninsula to monitor 
groundwater dependent ecosystems.  The Department of Water has recently established a 
groundwater monitoring program for the Dampier Peninsula to address growing and potential 
demands for groundwater abstraction from horticultural and mining activities.  Currently, however, 
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knowledge of the groundwater resources on the Peninsula (and more generally in the Kimberley 
region) is limited.  This is likely to impede regional development and protection of environmental 
values.   

 

7.4 PROJECT OUTCOMES, SPECIFIC KNOWLEDGE GAPS, 
RECOMMENDATIONS AND FUTURE REQUIREMENTS 

This section identifies key project outcomes, important knowledge gaps and associated 
recommendations and provides a brief summary of research directions relevant to northern 
Australian aquatic ecosystems. 

 

7.4.1 KEY OUTCOMES 
This project has provided jurisdictional water planners in northern Australia with new information, 
techniques, data and knowledge that can be incorporated into management frameworks to 
address the risks associated with climate change and development to northern Australian aquatic 
ecosystems.  The key project outcomes include: 

 

1. New knowledge of surface and ground-water regimes, geomorphology and ecological 
processes including groundwater/surface water interactions and system wide issues. 

2. New predictions on the effect of climate change and development scenarios on 
hydrological regimes in high priority catchments. 

3. New methods to model flooding flows, describe the production and loss of important 
dry-season refugia, investigate the cumulative risks associated with climate change 
and development and experimental procedures for identifying thermal tolerance of 
aquatic biodiversity. 

4. Identification of catchments at most-risk from climate change and development across 
northern Australia. 

5. Identification of risk-profiles of high priority catchments relevant to climate change and 
development scenarios. 

6. Identification of key relationships between hydrology, ecological values and 
processes, including the quantification of specific flow thresholds for some. 

7. New knowledge on relationship between hydrology and a variety of biophysical values 
and processes including, habitat use by key fauna, ecosystem production, longitudinal 
and lateral connectivity and water quality.  

8. New knowledge on the relationship between ecological and socio-cultural values. 
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9. Identification of important components of an integrated management framework to 
address the risks associated with climate change and development 

10. An assessment of the capacity of existing management objectives, monitoring and 
assessment priorities to address climate change and development risks 

11. Identification of specific knowledge gaps that constrain the development and 
implementation of appropriate management strategies, and recommendations to 
overcome these (see below)  

 

The inclusion of this information in management will increase our ability to manage and, where 
possible, mitigate the potential impacts development and climate change in northern Australia.  
While a preliminary assessment of the capacity of existing management frameworks (for each 
Jurisdiction) to address the climate change and development risks has been undertaken, a more 
comprehensive assessment of each states capacity to incorporate these outcomes in 
management frameworks will be required. 

 

7.4.2 KEY KNOWLEDGE GAPS AND RECOMMENDATIONS 
This project was based on a comprehensive assessment of significant gaps in understanding of 
northern Australian aquatic ecosystems and how they might respond to a variety of risks 
associated with climate change and development. Using analysis, synthesis and modelling of 
existing data and knowledge (as well as the collection of limited field data) this project significantly 
extends our understanding of these issues.  Nonetheless, additional knowledge gaps that will 
likely challenge the development and or application of suitable management strategies have been 
identified.  These knowledge gaps relate specifically to the activities undertaken in this project and 
do not represent a complete list of knowledge gaps relevant to aquatic ecosystems in northern 
Australia.  Key knowledge gaps identified from this NAWFA project include:  

 

HYDROLOGY 

• How do springs and wetlands on the Dampier Peninsula function hydrologically? 

• What is the role of ʻrejected rechargeʼ and artesian springs from the Great Artesian Basin 
in sustaining dry season flows in rivers on Cape York Peninsula?  

• What is the role of carbonate aquifer springs in sustaining rivers of the South East Gulf 
region?  

• What is the cause of the disparity in flood inundation estimates derived from hydrological 
models, flow data and remotely sensed flood imagery? 
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RISK ASSESSMENT 

• Can filters and weights be applied the input pressures and threats to further refine the 
models? 

• What is the most effective method to elicit ʻexpert opinionʼ for the construction construct 
conceptual models? 

• What are the species-specific threshold effects of increased temperature on population-
level assessment endpoints such as growth, reproduction and survival? 

 

FLOW ECOLOGY RELATIONSHIPS (INCLUDING SOCIO-CULTURAL VALUES) 

• What are the specific flow thresholds required to sustain key ecological and socio-cultural 
values and processes? 

• Can specific groundwater related ecological metrics and thresholds be developed for 
dependent biota or ecosystems? 

• How will predicted alterations to flow regimes influence sediment and nutrient loads, 
water temperature and dissolved oxygen levels, habitat and productivity? 

• What is the ecological response to the production and loss of dry season refugia 
(permanent pools) and river pool characteristics (size, depth, temperature) throughout the 
dry season? 

• What is the ecological role of flood pulse connectivity between rivers, wetlands and 
floodplains? 

• What are diel and seasonal water temperature ranges for representative aquatic habitat 
types and how do they vary among regions, habitat types and environmental conditions? 

• What is the effect of fluctuating temperature regimes and exposure duration on 
temperature tolerance of aquatic species? 

• What are the landscape scale and hydrological influences on the population structure of 
aquatic fauna? 

• Do stream gradients reduce connectivity among freshwater fish populations? 

• What environmental factors are important in determining the establishment and 
distribution of priority invasive species? 

• What is the ecological importance of rates of rise of fall in groundwater levels and surface 
water flows to aquatic biota and water dependent vegetation? 

• What are the specific flow thresholds for drivers of primary production such as light and 
nutrients or the interactions between these drivers? 

• Can models of primary productivity be transferred to similar rivers within and across 
regions? 

• How do geology, surface water and groundwater, material subsidy to channel, nutrients 
and light interact in their influence on primary productivity? 
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• What are the specific thresholds of flow duration, inundation duration and light penetration 
to support primary production? 

• How will climate related sea level rise impact on the ecology of freshwater floodplain 
wetlands and what will the flow-on ecological response of important fish 
species/communities be? 

• How will increased water temperature affect fish assemblage structure and the 
distribution of individual species? 

• Will the predicted minor changes in flow regimes due to climate change impact on 
freshwater fish assemblages, their habitat, food or requirements for 
spawning/recruitment? 

• What is the relationship between the number and distribution of permanently watered dry 
season refugia, recolonisation success during the wet season and sustainability of fish 
assemblages within ephemeral catchments  

• Does minor infrastructure (small weirs, road crossings) impede the free passage of 
aquatic fauna required for habitat selection, foraging or spawning/recruitment? 

• How many barriers (potential and actual) occur on northern Australian waterways and 
what is the extent of river length denied to migratory species? 

 

In addition to the variety of specific research to target the knowledge gaps identified above, a 
number of monitoring, management, and investigations are also recommended.  These include: 

 

• Sustain and increase river flow monitoring in northern Australia. 

• Carry out rigorous flow calibration, particularly at high and low flows. 

• Establish and use a consistent and robust set of methods and scenarios to model future 
runoff. 

• Establish current levels of water use levels to allow assessment of current and future 
ecological impacts.  

• Quantify the specific relationships/thresholds between aquatic/water dependent biota, 
communities and flow/groundwater regimes.  

• Further monitoring of the interactions between groundwater level and the functioning of 
ecosystems. 

• Further investigation of the accuracy of estimates of pool number and size from remotely 
sensed data. 

• Investigate the use of remotely sensed data (e.g. LandSat) for monitoring surface water 
temperatures. 

• Investigate alternative methods other than hydrological modelling for quantifying wetland 
connectivity. 
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• Collect long-term data on diel/seasonal ranges in water temperature from the full variety 
of aquatic habitat types across northern Australia. 

• Undertake an audit of the number of potential and existing barriers to movement of 
aquatic fauna and the extent river length denied to migratory species. 

• Further work is required to integrate both RRM approaches used here, particularly the 
different classification systems used to characterise threats and assets, and to develop 
analytical methods to analyse uncertainties associated with semi-qualitative relative risk 
ranks. 

• Further work is required to develop and implement effective methods to communicate 
complex risk assessment outputs to stakeholders and end-users, in particular the critical 
role that uncertainty analysis plays in determining confidence in results and therefore 
subsequent use in the decision making process. 

• The revised RRM model should now be applied the NE Queensland basins. 

• The risk analysis of a mean 1m SLR for aquatic assets, including biodiversity surrogates, 
should be extended to incorporate the effects of predicted changes in extreme weather 
events, such as increases cyclone intensity and associated storms surges and high tides.  

• Assessments are required on the potential impact of development on biodiversity assets 
(only SLR risk was addressed here).  

• Comprehensive modelling work on the impact of temperature increases due to climate is 
required in the NAWFA study area.  There is currently much potential to apply the 
approach developed by Bond et al. (2011) for freshwater fish in Victoria to the exploration 
of predicted range shifts of tropical freshwater fish under future climate-change scenarios. 

 

7.4.3 FUTURE DIRECTIONS 
The next phase of significant research investment in Northern Australia has just been initiated.  
The Northern Australian Biodiversity Hub, a National Environmental Research Program (NERP) 
supported by the Department of Sustainability, Environment, Water, Population and Communities, 
(DSEWPaC) is a four year research initiative that extends the significant investment in 
understanding the ecology of Northern Australian ecosystems beyond the life of the TRaCK 
initiative.  

The primary objective of the Hub is to improve biodiversity conservation in northern Australia 
through sound planning, innovative policy and strong partnerships.  The subsidiary objectives 
include; strategic research to fill the primary evidence gaps that currently impede good 
environmental management; to apply that knowledge most effectively to enhance management 
and policy development; and to catalyse transition to new models of environmental management. 

The Hub will focus on the terrestrial, freshwater and estuarine ecosystems of the northern 
savanna landscapes. The Project themes and associated aims relevant to the knowledge gaps 
identified through the NAWFA project include: 
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Planning and sustainable financing for biodiversity conservation  

• Develop integrated approaches to catchment-to-coast planning and adaptive 
management that consider multiple management objectives to conserve 
biodiversity.  

 

Indigenous NRM and livelihoods  

• Develop methods for measuring economic, social and cultural benefits for 
prioritising landscape investment for demonstrating environmental 
benefits/outcomes.  

• Assist Indigenous landholders to develop adaptive management frameworks to 
meet local natural and cultural resource targets. 

• Evaluate social, cultural, environmental and economic benefits from Indigenous 
management. 

• Assess governance requirements for a sustainable Indigenous NRM sector and 
investigate and promote opportunities to overcome its current investment deficit.  

• Investigate of culturally appropriate land practises that support biodiversity 
outputs. 

• Identify frameworks for managing country that also promotes economic potential. 

• Identify opportunities to examine co-benefits through biodiversity and social 
benchmarking.  

 

River to landscape connections and biodiversity 

• Determine the degree to which river and floodplain ecosystems are critical for 
sustaining terrestrial biodiversity and vice versa.  

• Identify the characteristics (hydrology, connectivity, productivity) of river and 
floodplain ʻhotspotsʼ of productivity, and quantify the importance of ecosystem 
subsidies.  

• Map and characterise floodplain hydrology and develop relationships between 
aquatic production, biodiversity and floodplain hydrology.  

• Predict the spatial and temporal dynamics of 'hotspot' areas of production. 

• Identify ecological assets on floodplains that are under threat from weeds and 
climate change. 

 

Managing threats to floodplain biodiversity and cultural values 

• Environmental, social, cultural and economic risk assessment of sea level rise 
and the expansion of invasive grasses on biodiversity and related ecosystem 
services of coastal floodplains.  
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• Assess the consequences of climate change and invasive grasses on floodplain 
habitats and iconic/culturally important species. 

• Estimate threshold impact levels of salinity (due to climate change) and identify 
potential refuge sites.  

• Develop a Management Strategy Evaluation (MSE) framework to explore 
adaptation options under a range of future climate scenarios. 

 

Biodiversity patterns, conservation planning and resilience of freshwater fauna 

• Test the use of cryptic biological species to: (i) enhance the ability of systematic 
conservation plans to identity high conservation value aquatic ecosystems, (ii) 
enhance the performance of ʻpredictorʼ variables (i.e. environmental metrics) in 
explaining species distributions and (iii) enable the identification of fundamental 
niche differences among cryptic species and therefore identify key environmental 
factors to which species may be differentially adapted. 

• Determine appropriate size and configuration of spatial units that bound viable 
populations within selected freshwater fishes for key river rivers on the basis of 
connectivity and effective population size metrics.  

• Prescribe an optimal allocation of conservation measures (mitigation of nutrient 
and toxicant inputs to improve water quality, restoration of riparian vegetation, 
environmental flow allocations) for freshwater biodiversity under socio-economic 
considerations. 

• Predict changes in estuarine fish communities under different climate change 
scenarios, particularly sea level rise, and differentiate impacts from water 
resource use and infrastructural developments in other locations across northern 
Australia. 

 

Predicting patterns and processes of biodiversity in estuarine and coastal 
environments: assessing climate change impacts 

• Predict changes in patterns and processes of estuarine and coastal biodiversity 
for a range of coastal change scenarios, land use and climate change. 

 

Remote sensing methods to map and monitor the condition of coastal habitats and 
other surrogates of biodiversity  

• Map the extent and condition of coastal habitats (e.g. sand dunes, rocky 
headlands, saltpans/marshes), including terrestrial and aquatic weeds, at multiple 
spatial scales using multispectral satellite imagery. 

• Assess seasonal connectivity between catchments and coastal receiving waters 
by mapping freshwater plumes. 
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• Assess the utility of light-attenuation and water quality mapping as drivers for, 
and surrogates of, biodiversity. 

 

The NERP research program will provide significant benefit to the management of climate change 
and development risks identified through this NAWFA project.  None the less, given the broad 
scope of the NERP research themes many of the specific knowledge gaps and recommendations 
identified from this current report will remain unanswered.  These gaps represent significant 
constraints on the development, implementation and monitoring of management strategies to 
address climate change and development risks.  Consequently, these gaps should be explicit 
within the adaptive management frameworks of relevant water and biodiversity management 
agencies within each Jurisdiction.  This will allow opportunities for existing management and 
monitoring actions to be adapted, enhanced or extended to incorporate new knowledge.  This 
approach will also need to be accompanied by future investment in research and monitoring of 
Northern Australian aquatic ecosystems and associated ecological values and process, in line 
with the knowledge gaps and recommendations noted above. 
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 APPENDICES CHAPTER 8
 

 

8.1 STANDARD METRICS FOR CHANGES TO FLOW REGIME 

This appendix contains the results of the standard metrics analysis for all reporting locations in 
Queensland, Northern Territory and Western Australia.  Locations of all sites and detailed 
descriptions of the selection of suitable metrics for assessing changes to flow regime under 
different climate and development scenarios are given in Chapter Three of this report. In the 
tables below red text is used to highlight metrics where changes to the flow regime from Scenario 
A are greater than 25%. 

 

8.1.1 QUEENSLAND 

LEICHARDT RIVER 

 
Table 63. Standard metrics for changes to flow regime on the Leichhardt River at 

Doughboy Creek under Scenarios C and D relative to Scenario AN. 

 

  

Leichhardt - Leichhardt River at Doughboy Creek, Gauge No. 913014A 
Standard metrics Units AN Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 204 +41% +24% -23% +7% -9% -48% 

Wet season flow (mean)* GL 190 +40% +23% -21% +8% -8% -46% 

Dry season flow (mean)** GL 15.3 +62% +40% -42% 0% -15% -69% 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0       
Number of days below low flow threshold (mean) d/y 54.8 -0.9 -0.6 +1.2 +75.6 +78.2 +85.6 

Duration of flow events below low flow threshold (mean) d/y 50.8 -0.8 -0.6 +1.1 +30.1 +29.2 +33.6 

Number of events below low flow threshold (mean) events/y 1.08 0 0 0 +0.5 +0.6 +0.6 

Number of days of zero flow (mean) d/y 54.8 -0.9 -0.6 +1.2 +75.6 +78.2 +85.6 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 1.05       

Number of days above high flow threshold (mean) d/y 19.1 +3.9 +1.8 -3.1 -1.8 -3.6 -8 

Duration of flow events above high flow threshold (mean) d/y 3.65 +0.5 +0.3 -0.2 0 -0.2 -0.8 

Number of events above high flow threshold (mean) events/y 5.22 +0.4 +0.1 -0.6 -0.5 -0.7 -1.3 

Wet season rate of rise (mean) GL/d 1.74 +0.6 +0.3 -0.3 +2.3 +1.7 +0.4 

Wet season rate of fall (mean) GL/d 0.89 +0.3 +0.2 -0.2 +0.8 +0.6 +0.1 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 
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Table 64.  Standard metrics for changes to flow regime on the Leichhardt River at Miranda 
Creek under Scenarios C and D relative to Scenario AN. 

 

 
Table 65.  Standard metrics for changes to flow regime on the Leichhardt River at Julius 

Dam Tailwater under Scenarios C and D relative to Scenario AN. 

 

  

Leichhardt - Leichhardt River at Miranda Creek, Gauge No. 913004A 
Standard metrics Units AN Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 358 +41% +22% -22% +5% -13% -53% 

Wet season flow (mean)* GL 335 +39% +21% -21% +6% -12% -51% 

Dry season flow (mean)** GL 24.8 +64% +37% -42% -5% -26% -80% 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the 
time in Scenario A) GL/d 0       
Number of days below low flow threshold (mean) d/y 144 -5.2 -0.9 +13.4 +141.6 +144.4 +152.9 
Duration of flow events below low flow threshold 
(mean) d/y 31.9 -0.1 +0.4 +1.7 +23.3 +22.7 +25.5 

Number of events below low flow threshold (mean) events/y 4.51 -0.1 -0.1 +0.2 +0.7 +0.8 +0.7 

Number of days of zero flow (mean) d/y 144 -5.2 -0.9 +13.4 +141.6 +144.4 +152.9 

High flow metrics 
High flow threshold (discharge exceeded 5% of the 
time in Scenario A) 

GL/d 2.71       

Number of days above high flow threshold (mean) d/y 18.3 +4.1 +1.9 -3 -2.4 -4.4 -9.4 
Duration of flow events above high flow threshold 
(mean) d/y 3.78 +0.5 +0.3 -0.1 +0.6 +0.2 -0.4 

Number of events above high flow threshold (mean) events/y 4.83 +0.4 +0.1 -0.7 -1.2 -1.3 -2.2 

Wet season rate of rise (mean) GL/d 2.63 +0.9 +0.5 -0.5 +2.3 +1.7 -0.1 

Wet season rate of fall (mean) GL/d 1.40 +0.5 +0.3 -0.3 +0.6 +0.3 -0.3 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

Leichhardt - Leichhardt River at Julius Dam Tailwater, Gauge No. 913012A 
Standard metrics Units AN Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 280 +41% +23% -22% -8% -24% -64% 

Wet season flow (mean)* GL 260 +39% +22% -21% -6% -22% -61% 

Dry season flow (mean)** GL 21.3 +61% +38% -42% -24% -40% -90% 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the 
time in Scenario A) GL/d 0       
Number of days below low flow threshold (mean) d/y 188 -6.8 -2.5 +14.1 +146.7 +149.9 +159.9 
Duration of flow events below low flow threshold 
(mean) d/y 17.6 +0.1 +0.1 -0.3 +136.7 +150.3 +240 

Number of events below low flow threshold (mean) events/y 10.7 -0.4 -0.2 +1 -8.5 -8.7 -9.3 

Number of days of zero flow (mean) d/y 188 -6.8 -2.5 +14.1 +146.7 +149.9 +159.9 

High flow metrics 
High flow threshold (discharge exceeded 5% of the 
time in Scenario A) 

GL/d 2.11       

Number of days above high flow threshold (mean) d/y 18.3 +4.1 +2.1 -3 -4.9 -6.7 -11.8 
Duration of flow events above high flow threshold 
(mean) d/y 3.52 +0.5 +0.2 -0.1 +1.9 +1.6 +1.2 

Number of events above high flow threshold (mean) events/y 5.19 +0.4 +0.3 -0.8 -2.7 -2.9 -3.8 

Wet season rate of rise (mean) GL/d 1.87 +0.7 +0.4 -0.4 +8.1 +7.3 +5.5 

Wet season rate of fall (mean) GL/d 1.04 +0.4 +0.2 -0.2 +1.5 +1.2 +0.3 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 
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FLINDERS RIVER 

 
Table 66.  Standard metrics for changes to flow regime on the Flinders River at Etta Plains 

under Scenarios C and D relative to Scenario AN. 

 

 
Table 67.  Standard metrics for changes to flow regime on the Flinders River at Richmond 

under Scenarios C and D relative to Scenario AN. 

 

  
  

Flinders - Flinders River at Etta Plains, Gauge No. 915012A 
Standard metrics Units AN Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 1030 +36% -12% -27% +29% -19% -34% 

Wet season flow (mean)* GL 1006 +35% -12% -28% +28% -19% -35% 

Dry season flow (mean)** GL 33.6 +76% -13% -5% +63% -25% -18% 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0       
Number of days below low flow threshold (mean) d/y 273 -4.1 +3.2 +5.9 -1.1 +6.6 +9.7 

Duration of flow events below low flow threshold (mean) d/y 69.8 -1.7 +3.5 +1 -1.7 +4.9 +1.8 

Number of events below low flow threshold (mean) events/y 3.91 0 -0.1 0 +0.1 -0.2 0 

Number of days of zero flow (mean) d/y 273 -4.1 +3.2 +5.9 -1.1 +6.6 +9.7 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 9.59       

Number of days above high flow threshold (mean) d/y 18.3 +2.8 -1.1 -2.7 +1.1 -2.7 -4.5 

Duration of flow events above high flow threshold (mean) d/y 8.48 +0.4 -0.6 -1.1 +0.2 -1.1 -1.5 

Number of events above high flow threshold (mean) events/y 2.16 +0.2 0 0 +0.1 -0.1 -0.2 

Wet season rate of rise (mean) GL/d 6.47 +2.5 -0.6 -1.7 +2 -1.1 -1.9 

Wet season rate of fall (mean) GL/d 3.42 +1.2 -0.3 -0.8 +1.2 -0.3 -0.8 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

Flinders - Flinders River at Richmond, Gauge No. 915008A 
Standard metrics Units AN Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 367 +35% -20% -30% +30% -25% -35% 

Wet season flow (mean)* GL 357 +34% -20% -31% +29% -24% -35% 

Dry season flow (mean)** GL 13.4 +76% -24% -13% +67% -32% -21% 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0       
Number of days below low flow threshold (mean) d/y 257 -5.1 +4.1 +4.9 +17.7 +28.7 +29.8 

Duration of flow events below low flow threshold (mean) d/y 66.9 -1.5 +0.8 +0.4 -2.4 +1.7 +1.1 

Number of events below low flow threshold (mean) events/y 3.84 0 0 +0.1 +0.4 +0.3 +0.4 

Number of days of zero flow (mean) d/y 257 -5.1 +4.1 +4.9 +17.7 +28.7 +29.8 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 1.97       

Number of days above high flow threshold (mean) d/y 18.3 +3.3 -2.2 -3.3 +0.8 -4.4 -5.3 

Duration of flow events above high flow threshold (mean) d/y 5.80 +0.4 -0.1 -0.2 +0.3 -0.2 -0.3 

Number of events above high flow threshold (mean) events/y 3.16 +0.3 -0.3 -0.5 0 -0.7 -0.8 

Wet season rate of rise (mean) GL/d 4.05 +1.3 -0.6 -1 +1.7 -0.5 -0.7 

Wet season rate of fall (mean) GL/d 2.42 +0.8 -0.4 -0.6 +0.9 -0.3 -0.4 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 
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Table 68.  Standard metrics for changes to flow regime on the Flinders River at 
Hughenden under Scenarios C and D relative to Scenario AN. 

 

 

GILBERT RIVER 

 
Table 69.  Standard metrics for changes to flow regime on the Einasleigh River at Cowana 

Lake under Scenarios C and D relative to Scenario AN. 

 
  

Flinders - Flinders River at Hughenden, Gauge No. 915004A 
Standard metrics Units AN Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 100 +36% -20% -32% +27% -28% -39% 

Wet season flow (mean)* GL 94.8 +35% -19% -33% +26% -27% -40% 

Dry season flow (mean)** GL 5.94 +67% -24% -14% +57% -34% -25% 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0       
Number of days below low flow threshold (mean) d/y 258 -3.1 +3.9 +4.3 +30.9 +40.6 +41.4 

Duration of flow events below low flow threshold (mean) d/y 32.7 -0.3 +2 +1.3 +29 +31.5 +30.7 

Number of events below low flow threshold (mean) events/y 7.88 0 -0.3 -0.2 -3.2 -3.2 -3.2 

Number of days of zero flow (mean) d/y 258 -3.1 +3.9 +4.3 +30.9 +40.6 +41.4 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 1.02       

Number of days above high flow threshold (mean) d/y 18.3 +2.9 -2.3 -3.7 +0.2 -5.4 -6.9 

Duration of flow events above high flow threshold (mean) d/y 4.00 +0.4 -0.2 -0.3 +0.3 -0.2 -0.4 

Number of events above high flow threshold (mean) events/y 4.57 +0.2 -0.4 -0.6 -0.3 -1.2 -1.4 

Wet season rate of rise (mean) GL/d 0.97 +0.3 -0.2 -0.3 +0.7 +0.1 -0.1 

Wet season rate of fall (mean) GL/d 0.47 +0.1 -0.1 -0.1 +0.3 0 -0.1 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

Gilbert - Einasleigh River at Cowana Lake, Gauge No. 917109A 
Standard metrics Units AN Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 1147 +14% +5% -10% +13% +4% -11% 

Wet season flow (mean)* GL 1131 +14% +5% -9% +12% +4% -11% 

Dry season flow (mean)** GL 25.2 +23% -2% -39% +21% -3% -41% 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0       
Number of days below low flow threshold (mean) d/y 110 +1 +0.9 +3 -14.5 -13.7 -6.5 

Duration of flow events below low flow threshold (mean) d/y 28.6 +0.2 0 +0.8 -10.3 -9.6 -6.5 

Number of events below low flow threshold (mean) events/y 3.86 0 0 0 +1.4 +1.2 +0.8 

Number of days of zero flow (mean) d/y 110 +1 +0.9 +3 -14.5 -13.6 -6.5 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 11.7       

Number of days above high flow threshold (mean) d/y 18.3 +2.2 +0.4 -1.6 +2 +0.2 -2 

Duration of flow events above high flow threshold (mean) d/y 5.41 -0.2 +0.1 +0.2 -0.2 +0.1 +0.2 

Number of events above high flow threshold (mean) events/y 3.39 +0.5 0 -0.4 +0.5 0 -0.5 

Wet season rate of rise (mean) GL/d 6.39 +1.8 +0.4 -0.8 +1.3 +0.1 -1 

Wet season rate of fall (mean) GL/d 3.21 +0.8 +0.2 -0.4 +0.7 0 -0.5 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 



Chapter 8: Appendices 
 

 
Page 537:  Tropical Rivers and Coastal Knowledge Report 

Table 70.  Standard metrics for changes to flow regime on the Einasleigh River at 
Carpentaria Downs under Scenarios C and D relative to Scenario A. 

 
 

Table 71.  Standard metrics for changes to flow regime on the Gilbert River at Forest 
Home under Scenarios C and D relative to Scenario A. 

 

Gilbert - Einasleigh River at Carpentaria Downs, Gauge No. 917102A 
Standard metrics Units AN Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 496 +4% -2% -9% +4% -3% -10% 

Wet season flow (mean)* GL 492 +5% -2% -9% +4% -3% -10% 

Dry season flow (mean)** GL 8.82 -3% 0% -23% -4% -1% -24% 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0       
Number of days below low flow threshold (mean) d/y 94.1 0 0 0 0 0 0 
Duration of flow events below low flow threshold (mean) d/y 65.3 0 0 0 0 0 0 
Number of events below low flow threshold (mean) events/y 1.44 0 0 0 0 0 0 
Number of days of zero flow (mean) d/y 94.1 0 0 0 0 0 0 
High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 3.86       

Number of days above high flow threshold (mean) d/y 18.3 +0.3 -0.3 -1.2 -0.2 -0.7 -1.5 

Duration of flow events above high flow threshold (mean) d/y 5.81 +0.1 +0.1 0 +0.1 +0.1 0 

Number of events above high flow threshold (mean) events/y 3.14 0 -0.1 -0.2 -0.1 -0.2 -0.2 

Wet season rate of rise (mean) GL/d 3.20 +0.1 -0.1 -0.3 +0.1 -0.1 -0.3 

Wet season rate of fall (mean) GL/d 1.48 +0.1 0 -0.1 +0.1 0 -0.1 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

Gilbert - Gilbert River at Forest Home, Gauge No. 917001A 
Standard metrics Units AN Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 1131 +5% -2% -8% +3% -3% -10% 

Wet season flow (mean)* GL 1125 +5% -2% -8% +3% -3% -9% 

Dry season flow (mean)** GL 15.1 -2% +2% -19% -6% -2% -22% 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0       
Number of days below low flow threshold (mean) d/y 168 +0.2 +0.2 +1.1 +2.1 +2.2 +2.8 

Duration of flow events below low flow threshold (mean) d/y 33.4 0 -0.4 -0.5 -0.3 -0.5 -0.8 

Number of events below low flow threshold (mean) events/y 5.03 0 +0.1 +0.1 +0.1 +0.1 +0.2 

Number of days of zero flow (mean) d/y 168 +0.2 +0.2 +1.1 +2.1 +2.2 +2.8 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 12.0       

Number of days above high flow threshold (mean) d/y 18.4 +0.6 -0.3 -1.7 +0.1 -0.9 -2 

Duration of flow events above high flow threshold (mean) d/y 3.77 +0.1 -0.1 -0.3 +0.1 -0.1 -0.4 

Number of events above high flow threshold (mean) events/y 4.87 0 0 -0.1 -0.1 -0.1 -0.1 

Wet season rate of rise (mean) GL/d 9.27 +0.1 -0.1 -0.2 0 -0.2 -0.4 

Wet season rate of fall (mean) GL/d 5.47 0 -0.1 -0.2 0 -0.1 -0.3 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 
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MITCHELL RIVER 

 
Table 72.  Standard metrics for changes to flow regime on the Walsh River at Flat Rock 

under Scenarios C and D relative to Scenario AN. 

 

 
Table 73.  Standard metrics for changes to flow regime on the Mitchell River at Cooktown 

Crossing under Scenarios C and D relative to Scenario AN. 

 
  

Mitchell - Walsh River at Flat Rock, Gauge No. 919311A 
Standard metrics Units AN Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 644 +22% -1% -34% +22% -1% -34% 

Wet season flow (mean)* GL 634 +22% -1% -34% +22% -1% -34% 

Dry season flow (mean)** GL 9.97 +19% +24% -36% +19% +24% -36% 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0       
Number of days below low flow threshold (mean) d/y 140 0 0 0 0 0 0 
Duration of flow events below low flow threshold (mean) d/y 19.3 0 0 0 0 0 0 
Number of events below low flow threshold (mean) events/y 7.25 0 0 0 0 0 0 
Number of days of zero flow (mean) d/y 140 0 0 0 0 0 0 
High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 8.67       

Number of days above high flow threshold (mean) d/y 18.3 +2.9 -0.1 -4.9 +2.9 -0.1 -4.9 

Duration of flow events above high flow threshold (mean) d/y 6.20 +0.6 +0.1 -0.5 +0.6 +0.1 -0.5 

Number of events above high flow threshold (mean) events/y 2.95 +0.2 -0.1 -0.6 +0.2 -0.1 -0.6 

Wet season rate of rise (mean) GL/d 2.15 +0.5 -0.1 -0.7 +0.5 -0.1 -0.7 

Wet season rate of fall (mean) GL/d 1.18 +0.3 0 -0.4 +0.3 0 -0.4 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

Mitchell - Mitchell River at Cooktown Crossing, Gauge No. 919014A 
Standard metrics Units AN Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 795 +20% -6% -29% +14% -13% -35% 

Wet season flow (mean)* GL 724 +21% -7% -29% +15% -13% -36% 

Dry season flow (mean)** GL 71.1 +11% +3% -24% +4% -4% -31% 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the 
time in Scenario A) GL/d 0.095       
Number of days below low flow threshold (mean) d/y 36.5 -3.7 +5.7 +37.7 +11.2 +22.6 +55.6 

Duration of flow events below low flow threshold (mean) d/y 12.3 -0.7 +1 +8 +3.6 +4.8 +11.7 

Number of events below low flow threshold (mean) events/y 2.97 -0.1 +0.2 +0.7 0 +0.5 +0.9 

Number of days of zero flow (mean) d/y 0 0 0 0 +0.2 +0.2 +0.2 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 9.41       

Number of days above high flow threshold (mean) d/y 18.3 +3.9 -1.3 -5.3 +3.3 -2.3 -6.9 
Duration of flow events above high flow threshold 
(mean) d/y 5.52 +0.7 0 -0.6 +0.7 +0.1 -0.8 

Number of events above high flow threshold (mean) events/y 3.31 +0.3 -0.2 -0.7 +0.2 -0.5 -0.9 

Wet season rate of rise (mean) GL/d 1.94 +0.4 -0.2 -0.6 +0.3 -0.3 -0.7 

Wet season rate of fall (mean) GL/d 0.98 +0.2 -0.1 -0.3 +0.1 -0.2 -0.3 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 
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Table 74.  Standard metrics for changes to flow regime on the Mitchell River at Gamboola 
under Scenarios C and D relative to Scenario AN. 

 

 

8.1.2 WESTERN AUSTRALIA 

FITZROY RIVER 

 
Table 75.  Standard metrics for changes to flow regime on the Fitzroy River at Dimond 

Gorge under Scenarios C and D relative to Scenario A. 

 
  

Mitchell - Mitchell River at Gamboola, Gauge No. 919011A 
Standard metrics Units AN Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 3483 +39% -4% -27% +37% -7% -29% 

Wet season flow (mean)* GL 3376 +39% -5% -27% +37% -7% -29% 

Dry season flow (mean)** GL 90.2 +26% +14% -35% +21% +9% -40% 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0.02       
Number of days below low flow threshold (mean) d/y 36.5 -4.3 +3.6 +35.3 +6 +16.4 +48.6 

Duration of flow events below low flow threshold (mean) d/y 18.0 -2 -1.5 +5.5 -1.2 +1.8 +8.8 

Number of events below low flow threshold (mean) events/y 2.03 0 +0.4 +1 +0.5 +0.6 +1.1 

Number of days of zero flow (mean) d/y 22.8 -3.1 +3.2 +28.4 +7.4 +14.8 +42.6 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 49.8       

Number of days above high flow threshold (mean) d/y 18.3 +5.4 -0.8 -4.4 +5.2 -1.2 -4.9 

Duration of flow events above high flow threshold (mean) d/y 7.65 +0.9 -0.4 -1.3 +0.9 -0.6 -1.5 

Number of events above high flow threshold (mean) events/y 2.39 +0.4 0 -0.2 +0.4 0 -0.2 

Wet season rate of rise (mean) GL/d 6.74 +2.9 -0.2 -1.5 +2.8 -0.3 -1.5 

Wet season rate of fall (mean) GL/d 4.03 +1.8 -0.3 -0.9 +1.8 -0.2 -0.9 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

Fitzroy - Fitzroy River at Dimond Gorge, Gauge No. 802137 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 1937 +17% -2% -42% nm nm nm 

Wet season flow (mean)* GL 1891 +17% -2% -41% nm nm nm 

Dry season flow (mean)** GL 39.1 +30% +1% -60% nm nm nm 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0.0002       
Number of days below low flow threshold (mean) d/y 36.2 -1.5 +2.3 +35.8 nm nm nm 

Duration of flow events below low flow threshold (mean) d/y 36.6 -2.4 -1.3 +18.8 nm nm nm 

Number of events below low flow threshold (mean) events/y 0.987 0 +0.1 +0.3 nm nm nm 

Number of days of zero flow (mean) d/y 1.70 +0.1 +0.3 +4.8 nm nm nm 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 29.5       

Number of days above high flow threshold (mean) d/y 18.3 +1.8 -0.3 -7.9 nm nm nm 

Duration of flow events above high flow threshold (mean) d/y 10.3 +0.8 +0.1 -1.7 nm nm nm 

Number of events above high flow threshold (mean) events/y 1.78 0 -0.1 -0.6 nm nm nm 

Wet season rate of rise (mean) GL/d 3.72 +1.5 -0.1 -1.2 nm nm nm 

Wet season rate of fall (mean) GL/d 1.96 +0.6 0 -0.7 nm nm nm 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 
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Table 76.  Standard metrics for changes to flow regime on the Fitzroy River at Fitzroy 

Crossing under Scenarios C and D relative to Scenario A. 

 

 
Table 77.  Standard metrics for changes to flow regime on the Fitzroy River at Looma 

under Scenarios C and D relative to Scenario A. 

 

 
  

Fitzroy - Fitzroy River at Fitzroy Crossing, Gauge No. 802055 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 4685 +20% -3% -38% nm nm nm 

Wet season flow (mean)* GL 4610 +20% -3% -38% nm nm nm 

Dry season flow (mean)** GL 64.8 +34% +2% -63% nm nm nm 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0.001       
Number of days below low flow threshold (mean) d/y 36.5 -4.4 +2.9 +41.9 nm nm nm 

Duration of flow events below low flow threshold (mean) d/y 58.6 -9.1 -2.4 +16.9 nm nm nm 

Number of events below low flow threshold (mean) events/y 0.62 0 +0.1 +0.4 nm nm nm 

Number of days of zero flow (mean) d/y 1.12 0 0 +0.1 nm nm nm 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 62.0       

Number of days above high flow threshold (mean) d/y 18.3 +1.9 -0.7 -6.7 nm nm nm 

Duration of flow events above high flow threshold (mean) d/y 11.9 -0.4 -0.1 -1.5 nm nm nm 

Number of events above high flow threshold (mean) events/y 1.53 +0.2 0 -0.4 nm nm nm 

Wet season rate of rise (mean) GL/d 8.40 +3.1 +0.1 -2.3 nm nm nm 

Wet season rate of fall (mean) GL/d 4.20 +1 -0.3 -1.4 nm nm nm 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

Fitzroy - Fitzroy River at Looma (Kings Bore), Gauge No. 802007 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 6183 +17% -6% -40% nm nm nm 

Wet season flow (mean)* GL 5936 +16% -7% -39% nm nm nm 

Dry season flow (mean)** GL 235 +22% -1% -57% nm nm nm 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0.002       
Number of days below low flow threshold (mean) d/y 36.5 -0.7 +2.9 +43 nm nm nm 

Duration of flow events below low flow threshold (mean) d/y 24.7 +0.2 +0.9 +10.5 nm nm nm 

Number of events below low flow threshold (mean) events/y 1.48 0 +0.1 +0.8 nm nm nm 

Number of days of zero flow (mean) d/y 5.22 -0.1 +1.1 +15.9 nm nm nm 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 92.0       

Number of days above high flow threshold (mean) d/y 18.3 +2.4 -1 -6.9 nm nm nm 

Duration of flow events above high flow threshold (mean) d/y 20.1 +0.1 -0.6 -3 nm nm nm 

Number of events above high flow threshold (mean) events/y 0.91 +0.1 0 -0.2 nm nm nm 

Wet season rate of rise (mean) GL/d 5.47 +1.6 -0.2 -1.4 nm nm nm 

Wet season rate of fall (mean) GL/d 1.61 +0.5 -0.1 -0.5 nm nm nm 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 
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KING EDWARD RIVER 

 
Table 78.  Standard metrics for changes to flow regime on the Morgan River at 

Moondoalnee under Scenarios C and D relative to Scenario A. 

 

 
Table 79.  Standard metrics for changes to flow regime on the Carson River at Old Theda 

under Scenarios C and D relative to Scenario A. 

 
 
  

King Edward - Morgan River at Moondoalnee (Theda), Gauge No. 806005 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 184 +12% -5% -22% nm nm nm 

Wet season flow (mean)* GL 177 +12% -5% -22% nm nm nm 

Dry season flow (mean)** GL 6.74 +13% +0% -33% nm nm nm 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0.0002       
Number of days below low flow threshold (mean) d/y 36.6 -3.9 +3.9 +24.1 nm nm nm 

Duration of flow events below low flow threshold (mean) d/y 37.1 -1.1 +2.4 +22.8 nm nm nm 

Number of events below low flow threshold (mean) events/y 0.99 -0.1 0 0 nm nm nm 

Number of days of zero flow (mean) d/y 20.5 -2.3 +4.1 +22.3 nm nm nm 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 2.44       

Number of days above high flow threshold (mean) d/y 18.3 +2.7 -1.3 -5.8 nm nm nm 

Duration of flow events above high flow threshold (mean) d/y 4.85 +0.4 -0.1 -0.5 nm nm nm 

Number of events above high flow threshold (mean) events/y 3.77 +0.2 -0.2 -0.9 nm nm nm 

Wet season rate of rise (mean) GL/d 0.74 +0.1 0 +0.1 nm nm nm 

Wet season rate of fall (mean) GL/d 0.39 +0.1 0 0 nm nm nm 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

King Edward - Carson River at Old Theda, Gauge No. 806004 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 199 +8% -2% -18% nm nm nm 

Wet season flow (mean)* GL 196 +8% -2% -18% nm nm nm 

Dry season flow (mean)** GL 2.53 +18% +5% -36% nm nm nm 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0.0002       
Number of days below low flow threshold (mean) d/y 36.5 -3.5 +3.2 +26.3 nm nm nm 

Duration of flow events below low flow threshold (mean) d/y 35.1 -0.3 +0.4 +20.5 nm nm nm 

Number of events below low flow threshold (mean) events/y 1.04 -0.1 +0.1 +0.1 nm nm nm 

Number of days of zero flow (mean) d/y 16.9 -1.8 +2.6 +20.9 nm nm nm 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 2.93       

Number of days above high flow threshold (mean) d/y 18.3 +1.6 -0.7 -5.7 nm nm nm 

Duration of flow events above high flow threshold (mean) d/y 5.29 +0.1 -0.1 -0.8 nm nm nm 

Number of events above high flow threshold (mean) events/y 3.45 +0.2 -0.1 -0.7 nm nm nm 

Wet season rate of rise (mean) GL/d 0.83 0 0 +0.1 nm nm nm 

Wet season rate of fall (mean) GL/d 0.44 0 0 0 nm nm nm 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 
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8.1.3 NORTHERN TERRITORY 

DALY RIVER 

 
Table 80.  Standard metrics for changes to flow regime on the Katherine River at Railway 

Bridge under Scenarios C and D relative to Scenario A. 

 

 
Table 81.  Standard metrics for changes to flow regime on the Daly River at 2km 

downstream of Beeboom Crossing under Scenarios C and D relative to Scenario A. 

 

 
  

Daly - Katherine River at Railway Bridge, Gauge No. G8140001 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 920 +26% +1% -23% +26% +0% -23% 

Wet season flow (mean)* GL 849 +26% +1% -23% +26% +1% -23% 

Dry season flow (mean)** GL 21.5 +18% -3% -21% +10% -11% -29% 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0.057       
Number of days below low flow threshold (mean) d/y 36.6 -29.5 +4.7 +47.4 -10 +35.1 +79.3 

Duration of flow events below low flow threshold (mean) d/y 31.1 -19.5 +2.8 +10.8 +15.9 +2.5 +28.1 

Number of events below low flow threshold (mean) events/y 1.17 -0.6 0 +0.8 -0.6 +1 +0.8 

Number of days of zero flow (mean) d/y 0 0 0 0 0 0 +0 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 14.9       

Number of days above high flow threshold (mean) d/y 18.3 +4.3 +0 -4.6 +4.3 +0.1 -4.5 

Duration of flow events above high flow threshold (mean) d/y 5.40 +0.8 -0.1 -0.6 +0.8 0 -0.7 

Number of events above high flow threshold (mean) events/y 3.39 +0.3 0 -0.5 +0.3 0 -0.5 

Wet season rate of rise (mean) GL/d 2.65 +0.6 -0.3 -0.8 +0.5 -0.2 -0.7 

Wet season rate of fall (mean) GL/d 1.29 +0.6 0 -0.2 +0.6 +0.1 -0.2 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

Daly - Daly River at 2km downstream of Beeboom Crossing, Gauge No. G8140042 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 6519 +34% -1% -31% +34% 0% -32% 

Wet season flow (mean)* GL 5910 +34% -1% -32% +35% -1% -32% 

Dry season flow (mean)** GL 308 +25% +1% -14% +26% +1% -17% 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 1.04       
Number of days below low flow threshold (mean) d/y 36.5 -31.8 -6.7 +27.5 -31 -5.8 +38.4 

Duration of flow events below low flow threshold (mean) d/y 44.2 -17.2 -6 +10.3 -23 -7 +5 

Number of events below low flow threshold (mean) events/y 0.83 -0.7 0 +0.3 -0.6 0 +0.7 

Number of days of zero flow (mean) d/y 0 0 0 0 0 0 0 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 108       

Number of days above high flow threshold (mean) d/y 18.3 +5.4 -0.5 -7.7 +5.6 -0.3 -7.8 

Duration of flow events above high flow threshold (mean) d/y 8.96 +0.8 +0.2 -2.2 +1 -0.1 -1.8 

Number of events above high flow threshold (mean) events/y 2.04 +0.4 -0.1 -0.5 +0.3 0 -0.6 

Wet season rate of rise (mean) GL/d 9.76 +3.2 +0.1 -3.4 +3.4 -0.4 -3.4 

Wet season rate of fall (mean) GL/d 5.48 +2 0 -1.8 +2.1 +0.1 -1.7 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 
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Table 82.  Standard metrics for changes to flow regime on the Daly River at Mt Nancar 
under Scenarios C and D relative to Scenario A. 

 

 

EAST ALLIGATOR RIVER 

 
Table 83.  Standard metrics for changes to flow regime on the Magela Ck downstream of 

Jabiru under Scenarios C and D relative to Scenario A. 

 

 
  

Daly - Daly River at Mt Nancar, Gauge No. G8140040 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 8184 +32% -1% -32% +33% -1% -32% 

Wet season flow (mean)* GL 7495 +33% -1% -33% +33% -1% -33% 

Dry season flow (mean)** GL 360 +23% +1% -14% +24% +1% -17% 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 1.20       
Number of days below low flow threshold (mean) d/y 36.6 -31.7 -7.2 +25.5 -30.6 -6.1 +35.4 

Duration of flow events below low flow threshold (mean) d/y 46.7 -18.7 -4.5 +12.7 -19.1 -14.9 +2 

Number of events below low flow threshold (mean) events/y 0.783 -0.6 -0.1 +0.3 -0.6 +0.2 +0.7 

Number of days of zero flow (mean) d/y 0 0 0 0 0 0 0 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 135       

Number of days above high flow threshold (mean) d/y 18.3 +5.7 -0.2 -8.2 +5.9 0 -8.2 

Duration of flow events above high flow threshold (mean) d/y 9.13 +2.8 +0.1 -1.9 +2.9 +0.4 -1.9 

Number of events above high flow threshold (mean) events/y 2.00 0 0 -0.6 0 -0.1 -0.6 

Wet season rate of rise (mean) GL/d 11.4 +5.5 +0.7 -3.3 +5.2 -0.3 -3.3 

Wet season rate of fall (mean) GL/d 6.66 +2.2 0 -2.5 +2.4 -0.1 -2.5 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

East Alligator - Magela Ck downstream of Jabiru, Gauge No. G8210009 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 265 +25% 0% -23% nm nm nm 

Wet season flow (mean)* GL 253 +26% 0% -24% nm nm nm 

Dry season flow (mean)** GL 3.64 -1% +1% -24% nm nm nm 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0       
Number of days below low flow threshold (mean) d/y 156 -14.9 +2.2 +22.9 nm nm nm 

Duration of flow events below low flow threshold (mean) d/y 128 -13.5 +10.6 +32.4 nm nm nm 

Number of events below low flow threshold (mean) events/y 1.22 0 -0.1 -0.1 nm nm nm 

Number of days of zero flow (mean) d/y 156 -14.9 +2.2 +22.9 nm nm nm 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 4.17       

Number of days above high flow threshold (mean) d/y 18.3 +5.5 -0.2 -5.4 nm nm nm 

Duration of flow events above high flow threshold (mean) d/y 4.84 +0.4 +0.1 -0.5 nm nm nm 

Number of events above high flow threshold (mean) events/y 3.78 +0.7 -0.1 -0.8 nm nm nm 

Wet season rate of rise (mean) GL/d 0.54 +0.1 0 0 nm nm nm 

Wet season rate of fall (mean) GL/d 0.43 +0.1 0 0 nm nm nm 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 
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Table 84.  Standard metrics for changes to flow regime on the Magela Creek upstream of 
Bowerbird Waterhole under Scenarios C and D relative to Scenario A. 

 
 
Table 85.  Standard metrics for changes to flow regime on the Cooper Creek downstream 

of Nabarlek under Scenarios C and D relative to Scenario A.  

 

 
  

East Alligator - Magela Creek upstream of Bowerbird Waterhole, Gauge No. G8210007 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 53.0 +46% -2% -42% nm nm nm 

Wet season flow (mean)* GL 48.8 +50% -2% -44% nm nm nm 

Dry season flow (mean)** GL 1.44 +18% +1% -39% nm nm nm 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0       
Number of days below low flow threshold (mean) d/y 117 -22.4 +0.2 +29.9 nm nm nm 

Duration of flow events below low flow threshold (mean) d/y 111 -21.3 -1.2 +25.1 nm nm nm 

Number of events below low flow threshold (mean) events/y 1.05 0 0 0 nm nm nm 

Number of days of zero flow (mean) d/y 117 -22.4 +0.2 +29.9 nm nm nm 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 0.90       

Number of days above high flow threshold (mean) d/y 18.3 +9.8 -0.9 -9 nm nm nm 

Duration of flow events above high flow threshold (mean) d/y 15.3 +2.3 -1.3 -2.7 nm nm nm 

Number of events above high flow threshold (mean) events/y 1.19 +0.4 +0.1 -0.5 nm nm nm 

Wet season rate of rise (mean) GL/d 0.06 0 0 0 nm nm nm 

Wet season rate of fall (mean) GL/d 0.04 0 0 0 nm nm nm 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

East Alligator - Cooper Creek downstream of Nabarlek, Gauge No. G8210024 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 84.3 +22% -1% -22% nm nm nm 

Wet season flow (mean)* GL 80.8 +23% -2% -22% nm nm nm 

Dry season flow (mean)** GL 2.33 +3% -1% -24% nm nm nm 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0.0004       
Number of days below low flow threshold (mean) d/y 36.6 -11.8 +1.8 +26.4 nm nm nm 

Duration of flow events below low flow threshold (mean) d/y 44.7 -11.3 -0.6 +18.3 nm nm nm 

Number of events below low flow threshold (mean) events/y 0.82 -0.1 +0.1 +0.2 nm nm nm 

Number of days of zero flow (mean) d/y 4.94 -2 +0.5 +9.5 nm nm nm 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 1.18       

Number of days above high flow threshold (mean) d/y 18.3 +6.1 -0.5 -5.3 nm nm nm 

Duration of flow events above high flow threshold (mean) d/y 4.02 +0.4 0 -0.4 nm nm nm 

Number of events above high flow threshold (mean) events/y 4.55 +1 -0.1 -1 nm nm nm 

Wet season rate of rise (mean) GL/d 0.24 0 0 0 nm nm nm 

Wet season rate of fall (mean) GL/d 0.14 0 0 0 nm nm nm 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 
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FINNISS RIVER 

 
Table 86.  Standard metrics for changes to flow regime on the Finniss River at Batchelor 

Dam Site under Scenarios C and D relative to Scenario A. 

 

 

Table 87.  Standard metrics for changes to flow regime on the East Finniss River at Rum 
Jungle under Scenarios C and D relative to Scenario A. 

 
 
  

Finniss - Finniss River at Batchelor Dam Site, Gauge No. G8150010 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 146 +30% +1% -26% nm nm nm 

Wet season flow (mean)* GL 141 +30% +1% -26% nm nm nm 

Dry season flow (mean)** GL 3.69 +21% 0% -34% nm nm nm 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0.002       
Number of days below low flow threshold (mean) d/y 36.5 -19.1 +3.2 +39.4 nm nm nm 

Duration of flow events below low flow threshold (mean) d/y 7.81 -1.6 -0.1 +4 nm nm nm 

Number of events below low flow threshold (mean) events/y 4.68 -1.9 +0.5 +1.8 nm nm nm 

Number of days of zero flow (mean) d/y 2.42 -1.3 +0.3 +8.8 nm nm nm 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 2.13       

Number of days above high flow threshold (mean) d/y 18.3 +6 +0.2 -5.9 nm nm nm 

Duration of flow events above high flow threshold (mean) d/y 5.19 +0.7 +0.1 -1 nm nm nm 

Number of events above high flow threshold (mean) events/y 3.52 +0.6 0 -0.6 nm nm nm 

Wet season rate of rise (mean) GL/d 0.25 +0.1 0 -0.1 nm nm nm 

Wet season rate of fall (mean) GL/d 0.20 +0.1 0 0 nm nm nm 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

Finniss - East Finniss River at Rum Jungle, Gauge No. G8150097 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 27.8 +30% +1% -23% nm nm nm 

Wet season flow (mean)* GL 27.2 +31% +1% -23% nm nm nm 

Dry season flow (mean)** GL 0.37 +15% +2% -34% nm nm nm 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0       
Number of days below low flow threshold (mean) d/y 181 -18.1 +2.4 +18.4 nm nm nm 

Duration of flow events below low flow threshold (mean) d/y 164 -9.1 +0.2 +25.5 nm nm nm 

Number of events below low flow threshold (mean) events/y 1.10 -0.1 0 -0.1 nm nm nm 

Number of days of zero flow (mean) d/y 181 -18.1 +2.4 +18.4 nm nm nm 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 0.41       

Number of days above high flow threshold (mean) d/y 18.3 +6.1 +0.3 -4.8 nm nm nm 

Duration of flow events above high flow threshold (mean) d/y 4.41 +0.8 +0.3 -0.4 nm nm nm 

Number of events above high flow threshold (mean) events/y 4.14 +0.5 -0.2 -0.7 nm nm nm 

Wet season rate of rise (mean) GL/d 0.11 0 0 0 nm nm nm 

Wet season rate of fall (mean) GL/d 0.06 0 0 0 nm nm nm 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 
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Table 88.  Standard metrics for changes to flow regime on the Blackmore River at 
Tumbling Waters under Scenarios C and D relative to Scenario A. 

 

 

Table 89.  Standard metrics for changes to flow regime on the Elizabeth River at Stuart 
Highway under Scenarios C and D relative to Scenario A. 

 

 
  

Finniss - Blackmore River at Tumbling Waters, Gauge No. G8150098 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 88.8 +24% +0% -20% nm nm nm 

Wet season flow (mean)* GL 88.0 +24% +0% -20% nm nm nm 

Dry season flow (mean)** GL 0.57 +46% -5% -43% nm nm nm 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0       
Number of days below low flow threshold (mean) d/y 160 -15.7 +5.1 +24.7 nm nm nm 

Duration of flow events below low flow threshold (mean) d/y 134 -4.7 +9 +37.4 nm nm nm 

Number of events below low flow threshold (mean) events/y 1.19 -0.1 0 -0.1 nm nm nm 

Number of days of zero flow (mean) d/y 160 -15.7 +5.1 +24.7 nm nm nm 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 1.40       

Number of days above high flow threshold (mean) d/y 18.3 +3.7 0 -4.4 nm nm nm 

Duration of flow events above high flow threshold (mean) d/y 4.24 +0.2 +0.1 -0.4 nm nm nm 

Number of events above high flow threshold (mean) events/y 4.31 +0.6 -0.1 -0.7 nm nm nm 

Wet season rate of rise (mean) GL/d 0.29 0 0 0 nm nm nm 

Wet season rate of fall (mean) GL/d 0.19 0 0 0 nm nm nm 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

Finniss - Elizabeth River at Stuart Highway, Gauge No. G8150018 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 48.4 +26% 0% -21% nm nm nm 

Wet season flow (mean)* GL 46.5 +27% 0% -21% nm nm nm 

Dry season flow (mean)** GL 1.53 +9% +1% -27% nm nm nm 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0.0003       
Number of days below low flow threshold (mean) d/y 36.5 -18.5 +4.2 +26.8 nm nm nm 

Duration of flow events below low flow threshold (mean) d/y 41.3 -12.5 +0.4 +22.8 nm nm nm 

Number of events below low flow threshold (mean) events/y 0.88 -0.3 +0.1 +0.1 nm nm nm 

Number of days of zero flow (mean) d/y 11.4 -7.7 +1.9 +15.3 nm nm nm 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 0.736       

Number of days above high flow threshold (mean) d/y 18.3 +4.8 -0.6 -4.8 nm nm nm 

Duration of flow events above high flow threshold (mean) d/y 3.82 +0.4 -0.1 -0.6 nm nm nm 

Number of events above high flow threshold (mean) events/y 4.78 +0.6 -0.1 -0.6 nm nm nm 

Wet season rate of rise (mean) GL/d 0.20 0 0 0 nm nm nm 

Wet season rate of fall (mean) GL/d 0.11 0 +0 0 nm nm nm 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 
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SOUTH ALLIGATOR RIVER 

 
Table 90.  Standard metrics for changes to flow regime on the Jim Jim Creek At Oenpelli 

Road Crossing under Scenarios C and D relative to Scenario A. 

 

 
Table 91.  Standard metrics for changes to flow regime on the Goodparla Creek At 

Coirwong Gorge under Scenarios C and D relative to Scenario A. 

 
  

South Alligator - Jim Jim Creek At Oenpelli Road Crossing, Gauge No. G8200111 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 717 +25% +1% -23% nm nm nm 

Wet season flow (mean)* GL 695 +26% +1% -23% nm nm nm 

Dry season flow (mean)** GL 10.7 +6% +2% -25% nm nm nm 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0       
Number of days below low flow threshold (mean) d/y 105 -14.3 +3.6 +31.6 nm nm nm 

Duration of flow events below low flow threshold (mean) d/y 79.3 -5.7 +8.8 +41.6 nm nm nm 

Number of events below low flow threshold (mean) events/y 1.32 -0.1 -0.1 -0.2 nm nm nm 

Number of days of zero flow (mean) d/y 105 -14.3 +3.6 +31.6 nm nm nm 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 10.8       

Number of days above high flow threshold (mean) d/y 18.3 +6.6 +0.2 -6 nm nm nm 

Duration of flow events above high flow threshold (mean) d/y 9.20 +1.4 +0.2 -0.8 nm nm nm 

Number of events above high flow threshold (mean) events/y 1.99 +0.4 0 -0.5 nm nm nm 

Wet season rate of rise (mean) GL/d 0.64 +0.2 0 0 nm nm nm 

Wet season rate of fall (mean) GL/d 0.42 +0.1 0 0 nm nm nm 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 

 

South Alligator - Goodparla Creek At Coirwong Gorge, Gauge No. G8200044 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 23.3 +28% 0% -28% nm nm nm 

Wet season flow (mean)* GL 23.1 +29% 0% -28% nm nm nm 

Dry season flow (mean)** GL 0.0817 +46% +2% -53% nm nm nm 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the 
time in Scenario A) GL/d 0       
Number of days below low flow threshold (mean) d/y 193 -15.4 +3.3 +23.8 nm nm nm 

Duration of flow events below low flow threshold (mean) d/y 118 -8.5 +2 +29.8 nm nm nm 

Number of events below low flow threshold (mean) events/y 1.64 0 0 -0.2 nm nm nm 

Number of days of zero flow (mean) d/y 193 -15.4 +3.3 +23.8 nm nm nm 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 0.371       

Number of days above high flow threshold (mean) d/y 18.3 +5.3 -0.3 -7.5 nm nm nm 
Duration of flow events above high flow threshold 
(mean) d/y 5.61 +0.8 0 -1 nm nm nm 

Number of events above high flow threshold (mean) events/y 3.26 +0.4 -0.1 -0.9 nm nm nm 

Wet season rate of rise (mean) GL/d 0.05 0 0 0 nm nm nm 

Wet season rate of fall (mean) GL/d 0.03 0 0 0 nm nm nm 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 
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Table 92.  Standard metrics for changes to flow regime on the South Alligator River at El 
Sherana under Scenarios C and D relative to Scenario A. 

 
  

South Alligator - South Alligator River at El Sherana, Gauge No. G8200045 
Standard metrics Units A Cwet Cmid Cdry Dwet Dmid Ddry 

      change from Scenario A 
General metrics                 
Annual flow (mean) GL 405 +24% 0% -24% nm nm nm 

Wet season flow (mean)* GL 394 +25% 0% -24% nm nm nm 

Dry season flow (mean)** GL 8.49 +19% +1% -23% nm nm nm 

Low flow metrics 
Low flow threshold (discharge exceeded 90% of the time 
in Scenario A) GL/d 0.004       
Number of days below low flow threshold (mean) d/y 36.5 -14.6 +1.9 +34.1 nm nm nm 

Duration of flow events below low flow threshold (mean) d/y 33.1 -5.4 +0.9 +24.8 nm nm nm 

Number of events below low flow threshold (mean) events/y 1.10 -0.3 0 +0.1 nm nm nm 

Number of days of zero flow (mean) d/y 1.01 -0.2 +0.1 +0.2 nm nm nm 

High flow metrics 
High flow threshold (discharge exceeded 5% of the time 
in Scenario A) 

GL/d 6.21       

Number of days above high flow threshold (mean) d/y 18.3 +5.5 -0.2 -5.4 nm nm nm 

Duration of flow events above high flow threshold (mean) d/y 4.89 +0.6 +0.1 -0.6 nm nm nm 

Number of events above high flow threshold (mean) events/y 3.74 +0.6 -0.1 -0.7 nm nm nm 

Wet season rate of rise (mean) GL/d 0.91 +0.2 0 -0.1 nm nm nm 

Wet season rate of fall (mean) GL/d 0.58 +0.1 0 -0.1 nm nm nm 
*Wet season covers the six months from November to April 
**Dry season covers the six months from May to October 
nm – not modelled 
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8.2 SOURCE OF DATA FOR ESTIMATES OF FST IN AUSTRALIAN 
FRESHWATER FISH. 

8.2.1 SOURCES OF DATA 
 
Table 93.  Source of data for estimates of FST in Australian freshwater fish. An asterisk (*) 

denotes datasets relevant to Northern Australia. 

Species name Reference 
Aldrichettia forsteri Schmidt et al. unpublished 
Ambassis jacksonensis (Mills et al. 2008) 
Ambassis macleayi (Huey et al. 2010) 
Ambassis marianus (Mills et al. 2008) 
Ambassis sp. Gulf* (Huey et al. 2011a) 
Awaous acritosus* Huey et al. unpublished 
Bidyanus bidyanus (Keenan et al. 1995; Bearlin & Tikel 2003) 
Cairnsichthys rhombosomoides* (Thuesen et al. 2008) 
Craterocephalus amniculus (Adams et al. 2011) 
Craterocephalus eyresii (Adams et al. 2011) 
Craterocephalus fluviatilis (Adams et al. 2011) 
Craterocephalus stercusmuscarum* (McGlashan & Hughes 2000) 
Denariusa bandata* (Cook & Hughes 2010) 
Gadopsis marmoratus Huey et al. unpublished 
Galaxias brevipennis (coastal) (Waters et al. 2002) 
Galaxias brevipennis (landlocked) (Waters et al. 2002) 
Galaxias occidentalis (Watts et al. 1995) 
Galaxiella pusilla (east) (Coleman et al. 2010) 
Galaxiella pusilla (west) (Coleman et al. 2010) 
Glossamia aprion* Cook et al. in press 
Hephaestus fuliginosus* Jamandre et al. unpublished 
Hypseleotris compressa (SEQ) (Sharma & Hughes 2011) 
Hypseleotris sp. 3 Murray Darling Schmidt et al. unpublished 
Lates calcarifer* (Chenoweth et al. 1998) 
Leiopotherapon unicolor (Bostock et al. 2006) 
Maccullochella ikei (Nock et al. 2011) 
Maccullochella mariensis  Huey et al. unpublished 
Maccullochella peelii (Rourke et al. 2011) 
Macquaria ambigua (LEB) (Faulks et al. 2010b) 
Macquaria ambigua (MDB) (Faulks et al. 2010b) 
Macquaria ambigua (Moonie R) (Huey et al. 2011b) 
Macquaria australasica (MDB) (Faulks et al. 2010a) 
Macquaria australasica (NSW coast) (Faulks et al. 2010a) 
Macquaria colonorum (Shaddick et al. 2011) 
Macquaria novemaculeata (Chenoweth & Hughes 1997) 
Melanotaenia australis (Daly R)* Mills unpublished 
Melanotaenia australis (Kimberley)* (Young et al. 2010) 
Melanotaenia australis (Kimberley)* (Phillips et al. 2009) 
Melanotaenia australis (Pilbara) (Young et al. 2010) 
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Species name Reference 
Melanotaenia duboulayi Lee unpublished 
Melanotaenia splendida (Mitchell R.)* Mills unpublished 
Melanotaenia splendida (NQld)* (Hurwood & Hughes 2001a) 
Mogurnda adspersa (NQld)* (Hurwood & Hughes 1998) 
Mogurnda adspersa (Pioneer) Hughes et al. unpublished 
Mogurnda adspersa (SEQ) Shipham unpublished 
Mogurnda mogurnda*  (Cook et al. 2011) 
Mugil cephalus Huey et al. unpublished 
Nannoperca australis (Cook et al. 2007b) 
Nannoperca obscura (Central) (Hammer et al. 2010) 
Nannoperca obscura (Eastern) (Hammer et al. 2010) 
Nannoperca obscura (Merri) (Hammer et al. 2010) 
Nannoperca oxleyana (Qld) (Hughes et al. 1999) 
Nematalosa erebi (MDB) (Hughes & Hillyer 2006) 
Neosilurus hyrtlii (Lake Eyre) (Huey et al. 2008) 
Philypnodon grandiceps Woods unpublished 
Porochilus argenteus (Huey et al. 2006) 
Prototroctes mareana (Schmidt et al. 2011) 
Pseudaphritis urvillii Schmidt et al. unpublished 
Pseudomugil signifer (Johnstone)* (McGlashan et al. 2001) 
Pseudomugil signifer (Mulgrave-Russell)* (McGlashan et al. 2001) 
Retropinna semoni (Cooper) Woods unpublished 
Retropinna semoni (MDB, VIC) (Woods et al. 2010) 
Retropinna semoni (Vic Coast, East) Hughes et al. unpublished 
Retropinna semoni (Vic Coast, West) Hughes et al. unpublished 
Retropinna tasmanica  Hughes et al. unpublished 
Rhadinocentrus ornatus (SEQ) (Sharma & Hughes 2011) 
Tandanus sp.1 (mid NSW coast) (Rourke & Gilligan 2010) 
Tandanus tandanus (MDB) (Rourke & Gilligan 2010) 
Tandanus tandanus (Moonie R) (Huey et al. 2011b) 
Tandanus tandanus (Nth NSW coast) (Rourke & Gilligan 2010) 
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8.3 RELATIONSHIPS BETWEEN FLOW VOLUMES AND WATER 
BIRD ABUNDANCES 

 
Table 94.  Time lag analysis between monthly water flow volume and abundance of 

waterbirds (organised in functional groups). Numbers in red indicate significant cross 
correlation. Flow and waterbird abundance data were transformed (Log10 and square root, 

respectively), except for Egrett spp and Whistling Kite. Significant cross-correlations in 
red. 

Group Waterbirds Best time lag 
(months) 

Strength of 
correlation 

Fi
sh

 e
at

er
s 

Australian Pelican 7 -0.78 
Caspian Tern 6 0.29 
Darter 5 0.69 
Egret spp 6 0.73 
Glossy Ibis 6 0.49 
Gull-billed Tern 6 0.47 
Little Black cormorant 5 0.48 
Little Pied Cormorant 5 0.41 
Pacific Heron 4 0.58 
Pied Cormorant 5 0.13 
Pied Heron 6 0.72 
Royal Spoonbill 7 0.62 
Sacred Ibis 7 0.45 
Whiskered Tern 4 0.38 
White Faced Heron 6 0.49 

In
se

ct
 E

at
er

s 

Australian Pratincole 5 0.48 
Black winged Stilt 6 0.40 
Comb-crested Jacana 3 -0.35 
Little Curlew 3 -0.55 
Masked Lapwing 6 0.65 
Radjah Shelduck 6 0.77 
Straw necked Ibis 5 0.53 
Waders 8 0.46 

Pl
an

t E
at

er
s 

Brolga 8 0.53 
Green Pygmy Geese 5 0.48 
Grey Teal 6 0.44 
Magpie geese 5 0.50 
Pacific Black Duck 6 0.69 
Plumed Whistling Duck 6 0.64 
Wandering Whistling Duck 6 0.69 

O
th

er
 Black necked stork 3 -0.30 

Whistling Kite 6 0.47 
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Figure 200.  Threshold effects: plant eaters & fish eaters vs. monthly flow volume (ML) 
with a 6 month time lag. 

  

 

 

 
Figure 201.  Threshold effects: Green pygmy geese & Plumed whistle duck vs. monthly 

flow volume (ML) with a 6 month time lag. 
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8.4 STATISTICAL DISTRIBUTION FUNCTIONS FROM RISK 
MODELS  

 
Table 95.  Summary of the probability density functions (pdfs) used to characterise 

aquatic ecosystem assets, threats and risk for the northern Australia study area across 
basins (n=6,393 sub-catchment units). 

 

  

! (a) Northern Australia Attribute Graph Function Min Mean Max

"#$%#!&'()*+ ,)-'&)+'!'.*/0/1'2!3425 RiskExpon(133.91,RiskShift(-0.020947),RiskName("NA All 
Riverine"),RiskLibrary(145,"Z67M36R8","RiskLibraryLocal")) 0.0 134 +!

"#$%#!&'()*+ 6789/1&)+'!'.*/0/1'2!342:5
RiskExpon(2.8251,RiskShift(-0.0004419),RiskName("NA All 
Palustrine"),RiskLibrary(146,"V71Z15M5","RiskLibraryLocal")) 0.0 2.825 +!

"#$%#!&'()*+ ;7.9/1&)+'!'.*/0/1'2!342:5!
RiskExpon(0.23062,RiskShift(-0.0000360731),RiskName("NA All 
Lacustrine"),RiskLibrary(147,"GT4IRFHJ","RiskLibraryLocal")) 0.0 0.231 +!

"#$%#!&'()*+ <=>#?@@!3&'/.78'A!BCD5
RiskExpon(0.024114,RiskShift(-0.00000377188),RiskName("NA All 
HCVAE99 rescaled 
1.0"),RiskLibrary(156,"19YGLYEM","RiskLibraryLocal"))

0.0 0.024 +!

"#$%#!&'()*+
=71.E2'+1!F)/19&G7+.'!H+'A'I!3=FH5!
&'/.78'A!1*!BCD!7.&*//!&'()*+

RiskExpon(0.19238,RiskShift(-0.0000300922),RiskName("NA CDI 
rescaled to 1.0"),RiskLibrary(127,"DG14RSTM","RiskLibraryLocal")) 0.0 0.192 +!

"#$%#!&'()*+ %8*J!,'()2'!F)/19&G7+.'!H+A'I!3%,FH5 RiskExpon(0.031643,RiskShift(-0.00000494958),RiskName("NA 
FRDI"),RiskLibrary(128,"DXNILR3E","RiskLibraryLocal")) 0.0 0.032 +!

"#$%#!&'()*+ F'-'8*K2'+1!,)/4!,)-'&)+' RiskNormal(0.22517,0.17477,RiskName("NA DEV risk 
River"),RiskLibrary(121,"XL5MRRN9","RiskLibraryLocal")) -! 0.225 +!

"#$%#!&'()*+ F'-'8*K2'+1!,)/4!,)-'&)+'!L,M"= RiskNormal(0.22517,0.17477,RiskTruncate(0,1),RiskName("NA DEV 
risk River TRUNC"),RiskLibrary(124,"DNQYX458","RiskLibraryLocal")) 0.0 0.259 1

"#$%#!&'()*+ F'-'8*K2'+1!,)/4!6789/1&)+' RiskNormal(0.21022,0.16949,RiskName("NA DEV risk 
Palus"),RiskLibrary(122,"W2DE2HYG","RiskLibraryLocal")) -! 0.210 +!

"#$%#!&'()*+ F'-'8*K2'+1!,)/4!6789/1&)+'!L,M"= RiskNormal(0.21022,0.16949,RiskTruncate(0,1),RiskName("NA DEV 
risk Palus TRUNC"),RiskLibrary(125,"8KAZICWF","RiskLibraryLocal")) 0.0 0.245 1

"#$%#!&'()*+ F'-'8*K2'+1!,)/4!;7.9/1&)+' RiskNormal(0.22205,0.1787,RiskName("NA DEV risk 
Lacus"),RiskLibrary(123,"Q1JSGRXE","RiskLibraryLocal")) -! 0.222 +!

"#$%#!&'()*+ F'-'8*K2'+1!,)/4!;7.9/1&)+'!L,M"= RiskNormal(0.22205,0.1787,RiskTruncate(0,1),RiskName("NA DEV 
risk Lacus TRUNC"),RiskLibrary(126,"4TXXTNV1","RiskLibraryLocal")) 0.0 0.259 1

"#$%#!&'()*+ L*178!F'-'8*K2'+1!,)/4!3J!N'&*/5!B RiskBetaGeneral(0.27748,0.71034,0,1,RiskName("NA Dev Total (w 
zeros)"),RiskLibrary(158,"6TUMWECD","RiskLibraryLocal")) 0.0 0.281 1

"#$%#!&'()*+
L*178!F'-'8*K2'+1!,)/4!3J!N'&*/5!B!
L,M"=

RiskBetaGeneral(0.27748,0.71034,0,1,RiskTruncate(0,1),RiskName("
NA Tot Dev risks (w zeros) 
TRUNC"),RiskLibrary(161,"NU4WRLSL","RiskLibraryLocal"))

0.0 0.281 1

"#$%#!&'()*+ L*178!F'-'8*K2'+1!,)/4!3J!N'&*/5!: RiskLogistic(0.33418,0.17314,RiskName("NA Tot Dev risk (with zeros) 
2"),RiskLibrary(163,"XFHAG16J","RiskLibraryLocal")) -! 0.334 +!

"#$%#!&'()*+
L*178!F'-'8*K2'+1!,)/4!3J!N'&*/5!:!
L,M"=

RiskLogistic(0.33418,0.17314,RiskTruncate(0,1),RiskName("NA TOT 
DEV TRUNC"),RiskLibrary(167,"FM9R9FX6","RiskLibraryLocal")) 0.0 0.391 1

"#$%#!&'()*+ L*178!F'-'8*K2'+1!,)/4!1*!<=>#?@@
RiskLoglogistic(0,0.0073055,3,RiskShift(-
0.00000114273),RiskName("NA DEV 
HCVAE99"),RiskLibrary(137,"ZE8BEYRB","RiskLibraryLocal"))

0.0 0.009 +!

"#$%#!&'()*+
L*178!F'-'8*K2'+1!,)/4!1*!<=>#?@@!
L,M"=

RiskLoglogistic(0,0.0073055,3,RiskShift(-
0.00000114273),RiskTruncate(0,1),RiskName("NA DEV HCVAE99 
TRUNC"))

-! 0.009 +!

"#$%#!&'()*+ O;,B2!1*!/9GP.71.E2'+1/ RiskExpon(0.030699,RiskShift(-0.00000480192),RiskName("NA All 
SLR1 to cpus"),RiskLibrary(157,"HKQF7CUN","RiskLibraryLocal")) 0.0 0.031 +!

"#$%#!&'()*+ O;,B2!,)/4!,)-'&)+' RiskExpon(0.071897,RiskShift(-0.0000118291),RiskName("NA SLR 
River risk"),RiskLibrary(72,"CHWM8VTT","RiskLibraryLocal")) 0.0 0.072 +!

"#$%#!&'()*+ O;,B2!,)/4!,)-'&)+'!L,M"=
RiskExpon(0.071897,RiskShift(-
0.0000118291),RiskTruncate(0,1),RiskName("NA SLR River Risk 
TRUNC"),RiskLibrary(84,"ZZU5TJIX","RiskLibraryLocal"))

-! 0.072 +!

"#$%#!&'()*+ O;,B2!,)/4!6789/1&)+' RiskExtvalue(0.00072081,0.011733,RiskName("NA SLR Palus 
risk"),RiskLibrary(73,"2WQ3A65K","RiskLibraryLocal")) -! 0.007 +!

"#$%#!&'()*+ O;,B2!,)/4!6789/1&)+'!L,M"=
RiskExtvalue(0.00072081,0.011733,RiskTruncate(0,1),RiskName("NA 
SLR Palus Risk 
TRUNC"),RiskLibrary(85,"DQD3EBAQ","RiskLibraryLocal"))

0.0 0.015 1

"#$%#!&'()*+ O;,B2!,)/4!;7.9/1&)+' RiskInvgauss(0.025,0.025,RiskName("NA SLR Lacus 
risk"),RiskLibrary(75,"SRJPAYE7","RiskLibraryLocal")) 0.0 0.025 +!

"#$%#!&'()*+ O;,B2!,)/4!;7.9/1&)+'!L,M"= RiskInvgauss(0.025,0.025,RiskTruncate(0,1),RiskName("NA SLR 
Lacus risk TRUNC")) 0.0 0.025 1

"#$%#!&'()*+
L*178!O;,B2!1*!7Q971).!'.*/0/1'2/!3J!
1&9'!N'&*/5

RiskExtvalue(0.010796,0.0736,RiskName("NA SLR (w 
zeros)"),RiskLibrary(159,"AKPAVPPM","RiskLibraryLocal")) -! 0.053 +!

"#$%#!&'()*+
L*178!O;,B2!1*!7Q971).!'.*/0/1'2/!3J!
1&9'!N'&*/5!L,M"=

RiskExtvalue(0.010796,0.0736,RiskTruncate(0,1),RiskName("NA TOT 
SLR TRUNC"),RiskLibrary(160,"8EJ4BPUW","RiskLibraryLocal")) 0.0 0.096 1

"#$%#!&'()*+ L*178!O;,B2!,)/4!1*!<=>#?@@ RiskExtvalue(0.0034771,0.019795,RiskName("NA SLR HCVAE99 Tot 
risks"),RiskLibrary(77,"CKYNNBH6","RiskLibraryLocal")) -! 0.015 +!

"#$%#!&'()*+ L*178!O;,B2!,)/4!1*!<=>#?@@!L,M"= RiskExtvalue(0.0034771,0.019795,RiskTruncate(0,1),RiskName("NA 
SLR HCVAE99 Tot risks TRUNC")) 0.0 0.026 1
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Table 96.  Summary of the probability density functions (pdfs) used to characterise 
aquatic ecosystem assets, threats and risk for basin means (n=53 AWRC 

basins/catchments). 

 

 
  

! (a) Northern Australia Attribute Graph Function Min Mean Max

"#$%#!&'()*+ ,)-'&)+'!'.*/0/1'2!3425 RiskExpon(133.91,RiskShift(-0.020947),RiskName("NA All 
Riverine"),RiskLibrary(145,"Z67M36R8","RiskLibraryLocal")) 0.0 134 +!

"#$%#!&'()*+ 6789/1&)+'!'.*/0/1'2!342:5
RiskExpon(2.8251,RiskShift(-0.0004419),RiskName("NA All 
Palustrine"),RiskLibrary(146,"V71Z15M5","RiskLibraryLocal")) 0.0 2.825 +!

"#$%#!&'()*+ ;7.9/1&)+'!'.*/0/1'2!342:5!
RiskExpon(0.23062,RiskShift(-0.0000360731),RiskName("NA All 
Lacustrine"),RiskLibrary(147,"GT4IRFHJ","RiskLibraryLocal")) 0.0 0.231 +!

"#$%#!&'()*+ <=>#?@@!3&'/.78'A!BCD5
RiskExpon(0.024114,RiskShift(-0.00000377188),RiskName("NA All 
HCVAE99 rescaled 
1.0"),RiskLibrary(156,"19YGLYEM","RiskLibraryLocal"))

0.0 0.024 +!

"#$%#!&'()*+
=71.E2'+1!F)/19&G7+.'!H+'A'I!3=FH5!
&'/.78'A!1*!BCD!7.&*//!&'()*+

RiskExpon(0.19238,RiskShift(-0.0000300922),RiskName("NA CDI 
rescaled to 1.0"),RiskLibrary(127,"DG14RSTM","RiskLibraryLocal")) 0.0 0.192 +!

"#$%#!&'()*+ %8*J!,'()2'!F)/19&G7+.'!H+A'I!3%,FH5 RiskExpon(0.031643,RiskShift(-0.00000494958),RiskName("NA 
FRDI"),RiskLibrary(128,"DXNILR3E","RiskLibraryLocal")) 0.0 0.032 +!

"#$%#!&'()*+ F'-'8*K2'+1!,)/4!,)-'&)+' RiskNormal(0.22517,0.17477,RiskName("NA DEV risk 
River"),RiskLibrary(121,"XL5MRRN9","RiskLibraryLocal")) -! 0.225 +!

"#$%#!&'()*+ F'-'8*K2'+1!,)/4!,)-'&)+'!L,M"= RiskNormal(0.22517,0.17477,RiskTruncate(0,1),RiskName("NA DEV 
risk River TRUNC"),RiskLibrary(124,"DNQYX458","RiskLibraryLocal")) 0.0 0.259 1

"#$%#!&'()*+ F'-'8*K2'+1!,)/4!6789/1&)+' RiskNormal(0.21022,0.16949,RiskName("NA DEV risk 
Palus"),RiskLibrary(122,"W2DE2HYG","RiskLibraryLocal")) -! 0.210 +!

"#$%#!&'()*+ F'-'8*K2'+1!,)/4!6789/1&)+'!L,M"= RiskNormal(0.21022,0.16949,RiskTruncate(0,1),RiskName("NA DEV 
risk Palus TRUNC"),RiskLibrary(125,"8KAZICWF","RiskLibraryLocal")) 0.0 0.245 1

"#$%#!&'()*+ F'-'8*K2'+1!,)/4!;7.9/1&)+' RiskNormal(0.22205,0.1787,RiskName("NA DEV risk 
Lacus"),RiskLibrary(123,"Q1JSGRXE","RiskLibraryLocal")) -! 0.222 +!

"#$%#!&'()*+ F'-'8*K2'+1!,)/4!;7.9/1&)+'!L,M"= RiskNormal(0.22205,0.1787,RiskTruncate(0,1),RiskName("NA DEV 
risk Lacus TRUNC"),RiskLibrary(126,"4TXXTNV1","RiskLibraryLocal")) 0.0 0.259 1

"#$%#!&'()*+ L*178!F'-'8*K2'+1!,)/4!3J!N'&*/5!B RiskBetaGeneral(0.27748,0.71034,0,1,RiskName("NA Dev Total (w 
zeros)"),RiskLibrary(158,"6TUMWECD","RiskLibraryLocal")) 0.0 0.281 1

"#$%#!&'()*+
L*178!F'-'8*K2'+1!,)/4!3J!N'&*/5!B!
L,M"=

RiskBetaGeneral(0.27748,0.71034,0,1,RiskTruncate(0,1),RiskName("
NA Tot Dev risks (w zeros) 
TRUNC"),RiskLibrary(161,"NU4WRLSL","RiskLibraryLocal"))

0.0 0.281 1

"#$%#!&'()*+ L*178!F'-'8*K2'+1!,)/4!3J!N'&*/5!: RiskLogistic(0.33418,0.17314,RiskName("NA Tot Dev risk (with zeros) 
2"),RiskLibrary(163,"XFHAG16J","RiskLibraryLocal")) -! 0.334 +!

"#$%#!&'()*+
L*178!F'-'8*K2'+1!,)/4!3J!N'&*/5!:!
L,M"=

RiskLogistic(0.33418,0.17314,RiskTruncate(0,1),RiskName("NA TOT 
DEV TRUNC"),RiskLibrary(167,"FM9R9FX6","RiskLibraryLocal")) 0.0 0.391 1

"#$%#!&'()*+ L*178!F'-'8*K2'+1!,)/4!1*!<=>#?@@
RiskLoglogistic(0,0.0073055,3,RiskShift(-
0.00000114273),RiskName("NA DEV 
HCVAE99"),RiskLibrary(137,"ZE8BEYRB","RiskLibraryLocal"))

0.0 0.009 +!

"#$%#!&'()*+
L*178!F'-'8*K2'+1!,)/4!1*!<=>#?@@!
L,M"=

RiskLoglogistic(0,0.0073055,3,RiskShift(-
0.00000114273),RiskTruncate(0,1),RiskName("NA DEV HCVAE99 
TRUNC"))

-! 0.009 +!

"#$%#!&'()*+ O;,B2!1*!/9GP.71.E2'+1/ RiskExpon(0.030699,RiskShift(-0.00000480192),RiskName("NA All 
SLR1 to cpus"),RiskLibrary(157,"HKQF7CUN","RiskLibraryLocal")) 0.0 0.031 +!

"#$%#!&'()*+ O;,B2!,)/4!,)-'&)+' RiskExpon(0.071897,RiskShift(-0.0000118291),RiskName("NA SLR 
River risk"),RiskLibrary(72,"CHWM8VTT","RiskLibraryLocal")) 0.0 0.072 +!

"#$%#!&'()*+ O;,B2!,)/4!,)-'&)+'!L,M"=
RiskExpon(0.071897,RiskShift(-
0.0000118291),RiskTruncate(0,1),RiskName("NA SLR River Risk 
TRUNC"),RiskLibrary(84,"ZZU5TJIX","RiskLibraryLocal"))

-! 0.072 +!

"#$%#!&'()*+ O;,B2!,)/4!6789/1&)+' RiskExtvalue(0.00072081,0.011733,RiskName("NA SLR Palus 
risk"),RiskLibrary(73,"2WQ3A65K","RiskLibraryLocal")) -! 0.007 +!

"#$%#!&'()*+ O;,B2!,)/4!6789/1&)+'!L,M"=
RiskExtvalue(0.00072081,0.011733,RiskTruncate(0,1),RiskName("NA 
SLR Palus Risk 
TRUNC"),RiskLibrary(85,"DQD3EBAQ","RiskLibraryLocal"))

0.0 0.015 1

"#$%#!&'()*+ O;,B2!,)/4!;7.9/1&)+' RiskInvgauss(0.025,0.025,RiskName("NA SLR Lacus 
risk"),RiskLibrary(75,"SRJPAYE7","RiskLibraryLocal")) 0.0 0.025 +!

"#$%#!&'()*+ O;,B2!,)/4!;7.9/1&)+'!L,M"= RiskInvgauss(0.025,0.025,RiskTruncate(0,1),RiskName("NA SLR 
Lacus risk TRUNC")) 0.0 0.025 1

"#$%#!&'()*+
L*178!O;,B2!1*!7Q971).!'.*/0/1'2/!3J!
1&9'!N'&*/5

RiskExtvalue(0.010796,0.0736,RiskName("NA SLR (w 
zeros)"),RiskLibrary(159,"AKPAVPPM","RiskLibraryLocal")) -! 0.053 +!

"#$%#!&'()*+
L*178!O;,B2!1*!7Q971).!'.*/0/1'2/!3J!
1&9'!N'&*/5!L,M"=

RiskExtvalue(0.010796,0.0736,RiskTruncate(0,1),RiskName("NA TOT 
SLR TRUNC"),RiskLibrary(160,"8EJ4BPUW","RiskLibraryLocal")) 0.0 0.096 1

"#$%#!&'()*+ L*178!O;,B2!,)/4!1*!<=>#?@@ RiskExtvalue(0.0034771,0.019795,RiskName("NA SLR HCVAE99 Tot 
risks"),RiskLibrary(77,"CKYNNBH6","RiskLibraryLocal")) -! 0.015 +!

"#$%#!&'()*+ L*178!O;,B2!,)/4!1*!<=>#?@@!L,M"= RiskExtvalue(0.0034771,0.019795,RiskTruncate(0,1),RiskName("NA 
SLR HCVAE99 Tot risks TRUNC")) 0.0 0.026 1
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Table 97.  Summary of the probability density functions (pdfs) used to characterise 
aquatic ecosystem assets, threats and risk for the South Alligator River and Norman River 

basins with contrasting land use. 

 
  

!(c) Selected basins with 
contrasting land use Attribute Graph Function Min Mean Max

"#$%&!'(()*+%#,!-)./,!
0+1)2

3#%+(!4/./(#56/2%!-)17!89!:/,#1;
RiskBetaGeneral(0.15147,0.6153,0,0.13103,RiskName("South 
Alligator Tot Dev 
Risk"),RiskLibrary(176,"EDLDWA6I","RiskLibraryLocal"))

0.0 0.026 0.13

"#$%&!'(()*+%#,!-)./,!
0+1)2

3#%+(!"<-=6!%#!+>$+%)?!/?#1@1%/61!89!
%,$/!:/,#1;

RiskBetaGeneral(0.12412,0.63133,0,1,RiskName("South Alligator Tot 
SLR Risk"),RiskLibrary(177,"JGDX3PHB","RiskLibraryLocal")) 0.0 0.164 1.00

"#$%&!'(()*+%#,!-)./,!
0+1)2

3#%+(!4/./(#56/2%!-)17!%#!ABC'DEE
RiskBetaGeneral(0.13179,1.1953,0,0.083398,RiskName("South 
Alligator Tot Dev risk 
HCVAE99"),RiskLibrary(179,"958BJ74D","RiskLibraryLocal"))

0.0 0.008 0.08

"#$%&!'(()*+%#,!-)./,!
0+1)2

3#%+(!"<-=6!-)17!%#!ABC'DEE
RiskBetaGeneral(0.11029,0.5933,0,0.16827,RiskName("South 
Alligator Tot SLR Risk 
HCVAE99"),RiskLibrary(186,"25U9KEYY","RiskLibraryLocal"))

0.0 0.026 0.17

F#,6+2!-)./,!0+1)2 3#%+(!4/./(#56/2%!-)17!89!:/,#1; RiskLogistic(0.50253,0.10364,RiskName("Norman Tot Dev 
Risks"),RiskLibrary(181,"UHLI7VSM","RiskLibraryLocal")) -! 0.503 +!

F#,6+2!-)./,!0+1)2
3#%+(!"<-=6!%#!+>$+%)?!/?#1@1%/61!89!
%,$/!:/,#1;

RiskExpon(0.044052,RiskShift(-0.00018054),RiskName("Norman Tot 
SLR Risk"),RiskLibrary(182,"EWHEMHJ7","RiskLibraryLocal")) 0.0 0.044 +!

F#,6+2!-)./,!0+1)2 3#%+(!4/./(#56/2%!-)17!%#!ABC'DEE
RiskExpon(0.012906,RiskShift(-0.0000528935),RiskName("Norman 
Tot Dev Risk 
HCVAE99"),RiskLibrary(183,"LEB97EU8","RiskLibraryLocal"))

0.0 0.013 +!

F#,6+2!-)./,!0+1)2 3#%+(!"<-=6!-)17!%#!ABC'DEE
RiskExpon(0.0018256,RiskShift(-0.00000748213),RiskName("Norman 
Tot SLR Risk 
HCVAE99"),RiskLibrary(185,"FZFX6G7B","RiskLibraryLocal"))

0.0 0.002 +!
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Table 98.  Summary of the probability density functions (pdfs) used to characterise 
aquatic ecosystem assets, threats and risk for the Finniss River basin. 

 
  

! (d) Finniss R basin Attribute Graph Function Min Mean Max

"#$$#%%!&#'()!*+%#$ &#'()#$(!(,-%.%/(0!1203
RiskExtvalue(75.065,93.6,RiskName("Finniss River length 
km"),RiskLibrary(37,"RWDZ4G75","RiskLibraryLocal")) -! 129.1 +!

"#$$#%%!&#'()!*+%#$ 4+56%/)#$(!(,-%.%/(0!120
7

3
RiskNormal(2.989,7.9669,RiskName("Finniss Palus area 
km2"),RiskLibrary(39,"378JPAJZ","RiskLibraryLocal")) -! 2.989 +!

"#$$#%%!&#'()!*+%#$ 8+,6%/)#$(!(,-%.%/(0!120
7

3!
RiskExtvalue(0.099547,0.37163,RiskName("Finniss Lacus area 
km2"),RiskLibrary(41,"4SY26SK1","RiskLibraryLocal")) -! 0.314 +!

"#$$#%%!&#'()!*+%#$ 9:;<=>>!1)(%,+5(?!@AB3
RiskLogistic(0.025389,0.029197,RiskFit("Finniss rescaled 
HCVAE99","K-S"),RiskName("Finniss rescaled HCVAE99")) -! 0.025 +!

"#$$#%%!&#'()!*+%#$
:+/,C0($/!D#%/6)*+$,(!E$(?(F!1:DE3!

)(%,+5(?!/-!@AB!+,)-%%!)(G#-$

RiskInvgauss(0.17739,0.070472,RiskShift(-0.016083),RiskFit("Finniss 
adjCDI","A-D"),RiskName("Finniss adjCDI")) 0.0 0.161 +!

"#$$#%%!&#'()!*+%#$ "5-H!&(G#0(!D#%/6)*+$,(!E$?(F!1"&DE3
RiskExpon(0.022775,RiskShift(-0.00042971),RiskFit("Finniss_2 
FRDI","Chi-Sq"),RiskName("Finniss_2 FRDI")) 0.0 0.022 +!

"#$$#%%!&#'()!*+%#$ D('(5-I0($/!&#%2!&#'()#$(
RiskPearson5(5.0504,1.5086,RiskShift(-0.11676),RiskName("Finniss 
DEV Risk River")) -0.1 0.256 +!

"#$$#%%!&#'()!*+%#$ D('(5-I0($/!&#%2!&#'()#$(!J&KL:

RiskPearson5(5.0504,1.5086,RiskShift(-
0.11676),RiskTruncate(0,1),RiskName("Finniss DEV Risk River 
TRUNC"))

-! 0.239 +!

"#$$#%%!&#'()!*+%#$ D('(5-I0($/!&#%2!4+56%/)#$(
RiskLoglogistic(-0.014443,0.22799,2.5991,RiskName("Finniss Devel 
Risk Pal")) 0.0 0.280 +!

"#$$#%%!&#'()!*+%#$ D('(5-I0($/!&#%2!4+56%/)#$(!J&KL:

RiskLoglogistic(-
0.014443,0.22799,2.5991,RiskTruncate(0,1),RiskName("Finniss 
Devel Risk Pal TRUNC"))

0.0 0.252 1.00

"#$$#%%!&#'()!*+%#$ D('(5-I0($/!&#%2!8+,6%/)#$(
RiskLoglogistic(-0.045596,0.29168,3.2156,RiskName("Finniss DEV 
Risk Lacus")) 0.0 0.298 +!

"#$$#%%!&#'()!*+%#$ D('(5-I0($/!&#%2!8+,6%/)#$(!J&KL:

RiskLoglogistic(-
0.045596,0.29168,3.2156,RiskTruncate(0,1),RiskName("Finniss DEV 
Risk Lacus TRUNC"))

0.0 0.280 1.00

"#$$#%%!&#'()!*+%#$ J-/+5!D('(5-I0($/!&#%2!1H!M()-%3
RiskBetaGeneral(0.46916,0.78118,0,1,RiskName("FINNISS Tot2 Dev 
Risk"),RiskLibrary(199,"M3KPMRSW","RiskLibraryLocal")) 0.0 0.375 1.00

"#$$#%%!&#'()!*+%#$
J-/+5!D('(5-I0($/!&#%2!1H!M()-%3!

J&KL:

RiskBetaGeneral(0.46916,0.78118,0,1,RiskTruncate(0,1),RiskName("
FINNISS Tot2 Dev Risk")) 0.0 0.375 1.00

"#$$#%%!&#'()!*+%#$ J-/+5!D('(5-I0($/!&#%2!/-!9:;<=>>
RiskBetaGeneral(0.12289,0.61372,0,0.074759,RiskName("FINNISS 
Tot Dev HCVAE99"),RiskLibrary(201,"SUQSLAXA","RiskLibraryLocal")) 0.0 0.012 0.07

"#$$#%%!&#'()!*+%#$
J-/+5!D('(5-I0($/!&#%2!/-!9:;<=>>!

J&KL:

RiskLogistic(0.011498,0.014577,RiskTruncate(0,1),RiskName("Finniss 
HCVAE99 Dev risk TRUNC")) 0.0 0.025 1.00

"#$$#%%!&#'()!*+%#$ N8&@0!/-!%6*O,+/,C0($/%
RiskBetaGeneral(0.24808,2.6644,0,1.141,RiskName("Finniss SLR1 
Risk cpu TRUNC"),RiskTruncate(0,1)) 0.0 0.097 1.00

"#$$#%%!&#'()!*+%#$ N8&@0!&#%2!&#'()#$( RiskNormal(0.31912,0.32581,RiskName("Finniss SLR Risk River")) -! 0.319 +!

"#$$#%%!&#'()!*+%#$ N8&@0!&#%2!&#'()#$(!J&KL:
RiskNormal(0.31912,0.32581,RiskTruncate(0,1),RiskName("Finniss 
SLR Risk River TRUNC")) 0.0 0.400 1.00

"#$$#%%!&#'()!*+%#$ N8&@0!&#%2!4+56%/)#$( RiskExtvalue(0.0071993,0.056236,RiskName("Finniss SLR Risk Pal")) -! 0.040 +!

"#$$#%%!&#'()!*+%#$ N8&@0!&#%2!4+56%/)#$(!J&KL:
RiskExtvalue(0.0071993,0.056236,RiskTruncate(0,1),RiskName("Finn
iss SLR Risk Pal TRUNC")) 0.0 0.073 1.00

"#$$#%%!&#'()!*+%#$ N8&@0!&#%2!8+,6%/)#$( RiskExtvalue(0.02335,0.099843,RiskName("Finniss SLR risk lacus")) -! 0.081 +!

"#$$#%%!&#'()!*+%#$ N8&@0!&#%2!8+,6%/)#$(!J&KL:
RiskExtvalue(0.02335,0.099843,RiskTruncate(0,1),RiskName("Finniss 
SLR risk lacus TRUNC")) 0.0 0.133 1.00

"#$$#%%!&#'()!*+%#$
J-/+5!N8&@0!/-!+P6+/#,!(,-%.%/(0%!1H!

/)6(!M()-%3

RiskBetaGeneral(0.17268,0.30911,0,1,RiskName("FINNISS Tot2 SLR 
Risk"),RiskLibrary(200,"NQ82WDRH","RiskLibraryLocal")) 0.0 0.358 1.00

"#$$#%%!&#'()!*+%#$
J-/+5!N8&@0!/-!+P6+/#,!(,-%.%/(0%!1H!

/)6(!M()-%3!J&KL:

RiskBetaGeneral(0.17268,0.30911,0,1,RiskTruncate(0,1),RiskName("
FINNISS Tot2 SLR Risk")) 0.0 0.358 1.00

"#$$#%%!&#'()!*+%#$ J-/+5!N8&@0!&#%2!/-!9:;<=>>
RiskBetaGeneral(0.11664,0.60412,0,0.1257,RiskName("FINNISS Tot 
SLR HCVAE99"),RiskLibrary(202,"3WM6N14C","RiskLibraryLocal")) 0.0 0.020 0.13

"#$$#%%!&#'()!*+%#$ J-/+5!N8&@0!&#%2!/-!9:;<=>>!J&KL:
RiskBetaGeneral(0.11664,0.60412,0,0.1257,RiskTruncate(0,1),RiskN
ame("Finniss HCVAE99 SLR risk TRUNC")) 0.0 0.020 0.13
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Table 99.  Summary of the probability density functions (pdfs) used to characterise 
aquatic ecosystem assets, threats and risk for biodiversity risk profiles for turtles, fish 

and waterbirds to a projected 1m sea level rise in 2100 . 

 
  

! (e) SLR & species 
distribution Attribute Graph Function Min Mean Max

"#$%#!&'()*+
,-./0!'11'234!*+!5&'6)23'6!37&38'!
6)43&)973)*+!

RiskPareto2(353646.2,2617374.5,RiskShift(0.076923),RiskName("NA 
Turtles SLR"),RiskLibrary(210,"PELRRA2H","RiskLibraryLocal")) 0.1 0.212 +!

"#$%#!&'()*+
,-./0!'11'234!*+!5&'6)23'6!1)4:!
6)43&)973)*+!

RiskBetaGeneral(2.9928,5.5536,0.0031401,0.60652,RiskName("NA 
Fish SLR"),RiskLibrary(208,"I2QIPWHI","RiskLibraryLocal")) 0.0 0.214 0.61

"#$%#!&'()*+
,-./0!'11'234!*+!5&'6)23'6!
;<3'&9)&64!6)43&)973)*+!

RiskBetaGeneral(3.8502,1.4536,-0.068646,0.98558,RiskName("NA 
Waterbirds SLR"),RiskLibrary(209,"G6ND8VGV","RiskLibraryLocal")) -0.1 0.697 0.99
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8.5 SUMMARY OF MEAN BASIN THREATS AND RISKS TO 
AQUATIC ECOSYSTEMS AND HCVAE99 ASSETS.  

 
Table 100.  Variables in table: (1) number of sub-catchments in basin; (2) area (km2) of 

sub-catchment units; (3) Catchment Disturbance Index (CDI); (4) re-scaled CDI; (5) Flow 
Regime Disturbance Index (FRDI); (6) River Disturbance Index (RDI) using the mean of CDI 

and FRDI (after Stein et al. 2002); (7) re-scaled RDI (rsCDI) using a joint probability 
equation (see text); (8) Development risk to Riverine ecosystems; (9) Development risk to 

Palustrine ecosystems; (10) Development risk to Lacustrine ecosystems; (11) total 
Development risk to aquatic ecosystems; (12) area (km2) of sub-catchment units 

inundated by a projected 1m sea level rise (SLR) in 2100; (13) proportion of coastal sub-
catchment units inundated by a 1m SLR; (14) SLR risk to Riverine ecosystems; (15) SLR 

risk to Plaustrine ecosystems; (16) SLR risk to Lacustrine ecosystems; (17) SLR risk to all 
aquatic ecosystems combined; (18) HCVAE99 (sum of all criteria met ; Kennard 2010), and 

(19) re-scaled to 1.0; and (20) Development and (21) SLR risks to HCVAE99 assets, 
respectively. 
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