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Project description 
Northern Australia features a range of significant aquatic ecosystems, 

including estuaries, rivers, lakes and wetlands. These ecosystems not only 

provide clean water, food and recreation but have important intrinsic 

ecological and cultural values. These ecosystems also support high 

biodiversity, including many unique species of aquatic plants and animals. 

To increase knowledge about these aquatic ecosystems and improve the 

conservation and management of their biodiversity, we have led pioneering 

research in collaboration with government and a range of stakeholders.  The 

outstanding conservation values of northern Australia’s tropical rivers, are 

under increasing pressure from human activities, invasive species and other 

stressors.  Our research has assessed the values of northern Australia 

aquatic ecosystems and the impacts of development alternatives on the 

ecosystems and the aquatic biodiversity they support. 

We have identified, mapped and classified the various aquatic ecosystem 

types (e.g. rivers, lakes, floodplains, estuaries) for all river basins of northern 

Australia. The mapping process revealed the extraordinary diversity and 

extent of aquatic ecosystems in northern Australia. We have also assembled 

a comprehensive database with spatially explicit information on species 

distributions for a range of freshwater-dependent fauna (including 

macroinvertebrates, freshwater fish, turtles and waterbirds). Because there 

were substantial data gaps in the availability of species distribution records, 

we successfully developed models to accurately predict the distribution of 

these water-dependent species in unsurveyed areas of the study region. 

Collectively, these datasets provided a comprehensive set of biodiversity 

surrogates ideal for identifying aquatic conservation priorities in the region. 

We have identified, mapped and classified the various aquatic ecosystem types (e.g. rivers, lakes, floodplains, estuaries) 

for all river basins of northern Australia. The mapping process revealed the extraordinary diversity and extent of aquatic 

ecosystems in northern Australia. We have also assembled a comprehensive database with spatially explicit information  
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on species distributions for a range of freshwater-dependent fauna (including macroinvertebrates, freshwater fish, turtles 

and waterbirds). Because there were substantial data gaps in the availability of species distribution records, we 

successfully developed models to accurately predict the distribution of these water-dependent species in unsurveyed 

areas of the study region. Collectively, these datasets provided a comprehensive set of biodiversity surrogates ideal for 

identifying aquatic conservation priorities in the region.  

Funding 

We have developed new approaches to improve adequacy of systematic conservation planning specifically for 

freshwater ecosystems in northern Australia. This includes:  

1) planning for spatial connectivity (to accommodate movement requirements of biota and consider propagation of 

threats);  

2) planning for temporal connectivity (spatial connectivity constrained by the presence of water which is highly variable 

in strongly seasonal systems of northern Australia); 

3) prioritizing aquatic refugia in intermittent systems; and  

4) planning for the invisible level of biodiversity – cryptic (genetic) diversity which contributes to resilience of species to 

environmental change and maintenance of evolutionary potential. 

Systematic planning tools can help decision-makers to conserve biodiversity in the most cost-effective way but usually do 

not directly prescribe actions to remediate threats.  We have developed a new decision framework and mathematical tool 

to identify which conservation management actions to implement in particular areas to maximise the persistence of 

species with the least cost. Using the Mitchell River (Queensland) and Daly River (Northern Territory) as test 

catchments, we quantified the distribution of multiple freshwater fish, turtle and waterbird species (using predictive 

models) and the effects of different threats and management actions on their long-term persistence (using expert 

elicitation). We linked this information to a spatially-explicit mathematical tool (developed as part of the project) to 

spatially prioritize the specific actions necessary to remediate the threats affecting these species.  Our framework 

prescribes the nature of the action (e.g., fencing of riparian vegetation for grazing management, shooting of feral 

herbivores to reduce river bank erosion, chemical or biological treatment for cane toad control, removal of dams or 

redesign of levee banks for river flow restoration) as well as the spatial location of the action. The framework represents 

a transferable approach to priority threat management and can aid cost-effective habitat restoration and land-use 

planning. 

Outcomes 

Our research on biodiversity assessment, conservation planning and human impacts on aquatic ecosystems is directly 

contributing to more effective and efficient conservation management of northern Australia’s aquatic resources. For 

example, our research contributed to the Australian Government scientific panel assessment of the International and 

National Heritage values of Cape York Peninsula and the Kimberley (for the Department of the Environment Heritage 

Branch).  We also contributed to the development and implementation of the High Ecological Value Aquatic Ecosystems 

Toolkit as part of the Northern Australia Water Futures Assessment for the Department of the Environment and the 

National Water Commission.  In addition, a range of research information outputs (including publications, maps and GIS 

data layers) arising from our work have been used by the Queensland and Northern Territory governments to inform 

water resource planning, agricultural resources and threat assessments and the development of aquatic monitoring 

programmes in northern Australia.  Our research activities have also built capacity of Australian government staff (e.g. 

from the Environmental Research Institute of the Supervising Scientist and Parks Australia). 

Funding 

 National Environmental Research Program (NERP) – Northern Australia Hub 

 Tropical Rivers and Coastal Knowledge (TRaCK) Commonwealth Environmental Research Facility 

 Australian Research Council (ARC) Discovery Project, DP120103353 

 Department of Sustainability, Environment, Water, Population and Communities (DSEWPaC) 

 National Water Commission (NWC) 

 Northern Australia Land and Water Taskforce, Office of Northern Australia 
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 Department of Environment and Resource Management, Queensland Government 

For more information, contact 

Associate Professor Mark Kennard 

Email: m.kennard@griffith.edu.au 

Research outputs 
Book chapters 

Hermoso V, Linke S, Januchowski-Hartley SR & Kennard MJ. (2016). Freshwater Conservation Planning. Chapter 14 In: Conservation 

of Freshwater Fishes. (Eds) G Closs, M Krkosek & JD Olden. Cambridge University Press. ISBN: 9781107040113. 

Hermoso V, Kennard M, Pusey B. & Douglas M. (2011). Identifying priority areas for the conservation of freshwater biodiversity. Chapter 

9 In: Aquatic Biodiversity in Northern Australia: Patterns, Threats and Future. (Ed) BJ Pusey. Charles Darwin University Press, Darwin. 

Pp. 133–149. ISBN: 9780980864113. 

Pusey B, Warfe D, Townsend S, Douglas M, Burrows D, Kennard M & Close P. (2011). Condition, impacts and threats to aquatic 

biodiversity. Chapter 10 In: Aquatic Biodiversity in Northern Australia: Patterns, Threats and Future. (Ed) BJ Pusey. Charles Darwin 

University Press, Darwin. Pp. 151–172. ISBN: 9780980864113. 

Douglas M, Jackson S, Setterfield S, Pusey B, Davies P, Kennard M, Burrows D, & Bunn S. (2011). Northern futures: threats and 

opportunities for freshwater ecosystems. Chapter 13 In: Aquatic Biodiversity in Northern Australia: Patterns, Threats and Future. (Ed) BJ 

Pusey. Charles Darwin University Press, Darwin. Pp. 203–220. ISBN: 9780980864113. 

Journal papers 

Adams VM, Álvarez-Romero JG, Capon SJ, Crowley GM, Dale AP, Kennard MJ, Douglas MM & Pressey RL. (2017). Making time for 

space: the critical role of spatial planning in adapting natural resource management to climate change. Environmental Science and 

Policy 74: 57–67. 

Hermoso V, Kennard MJ, Schmidt DJ, Bond N, Huey JA, Mondol RK, Jamandre BW & Hughes JM. (2016). Species distributions 

represent intraspecific genetic diversity of freshwater fish in conservation assessments. Freshwater Biology 61: 1707–1719 

Cattarino L, Hermoso V, Carwardine J, Wilson KA, Kennard MJ & Linke S. (2016). Accounting for species’ responses and management 

effort enhances cost-effectiveness of conservation decisions. Biological Conservation 197: 116–123. 

Adams VM, Setterfield SA, Douglas MM, Kennard MJ & Ferdinands K. (2015). Measuring benefits of protected area management: 

trends across realms and research gaps for freshwater systems. Philosophical Transactions of the Royal Society B: Biological Sciences 

370 (1681). 

Stoeckl N, Chaiechi T, Farr M, Jarvis D, Álvarez-Romero JG, Kennard MJ, Hermoso V & Pressey RL. (2015). Co-benefits and trade-offs 

between agriculture and conservation: a case study in Northern Australia. Biological Conservation 191: 478–494. 

Cattarino L, Hermoso V, Carwardine J, Kennard MJ & Linke S. (2015). Multi-action planning for threat management: a novel approach 

for the spatial prioritization of conservation actions. PLoS ONE 10(5): e0128027. 

Hermoso V, Cattarino L, Kennard MJ, Watts, M & Linke S. (2015). Catchment zoning for freshwater conservation: refining plans to 

enhance action on the ground. Journal of Applied Ecology 52: 940–949. 

Hermoso V, Kennard MJ & Linke S. (2015). Evaluating the costs and benefits of systematic data acquisition for conservation 

assessments. Ecography 38: 283–292. 

Hermoso V, Kennard MJ & Linke S. (2015). Assessing the risks and opportunities of presence-only data for conservation planning. 

Journal of Biogeography 42: 218–228. 

Adams VM, Alvarez-Romero JG, Carwardine J, Cattarino L, Hermoso V, Kennard MJ, Linke S, Pressey B & Stoeckl N. (2014). Planning 

across freshwater and terrestrial realms: cobenefits and tradeoffs between conservation actions. Conservation Letters 7: 425–440. 

Hermoso V, Ward DP & Kennard MJ. (2013). Prioritizing refugia for freshwater biodiversity conservation in highly seasonal ecosystems. 

Diversity and Distributions 19: 1031–1042. 

Hermoso V, Kennard MJ & Linke S. (2013). Data acquisition for conservation assessments: is the effort worth it? PLOS ONE 8(3): 

e59662. 
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Linke S, Kennard MJ, Hermoso V, Olden JD, Stein J & Pusey BJ. (2012). Merging connectivity rules and large-scale condition 

assessment improves conservation adequacy in river systems. Journal of Applied Ecology 49: 1036–1045. 

Hermoso V, Ward DP & Kennard MJ. (2012). Using water residency time to enhance spatio-temporal connectivity for conservation 

planning in seasonally dynamic freshwater ecosystems. Journal of Applied Ecology 49: 1028–1035. 

Hermoso V, Kennard MJ & Linke S. (2012). Integrating multi-directional connectivity requirements in systematic conservation planning 

for freshwater systems. Diversity and Distributions 18: 448–458. 

Hermoso V. & Kennard MJ. (2012). Uncertainty in coarse conservation assessments hinders the efficient achievement of conservation 

goals. Biological Conservation 147: 52–59. 

Reports 

Kennard MJ. (ed) (2011). Priorities for identification and sustainable management of high conservation value aquatic ecosystems in 

northern Australia.  Final Report for the Department of Sustainability, Environment, Water, Population and Communities and the 

National Water Commission. Tropical Rivers and Coastal Knowledge (TRaCK) Commonwealth Environmental Research Facility, 

Charles Darwin University, Darwin. ISBN: 978-1-921576-30-0. 

Kennard MJ. (ed) (2010). Identifying high conservation value aquatic ecosystems in northern Australia.  Interim Report for the 

Department of Environment, Water, Heritage and the Arts and the National Water Commission. Tropical Rivers and Coastal Knowledge 

(TRaCK) Commonwealth Environmental Research Facility, Charles Darwin University, Darwin. ISBN: 978‐1‐921576‐23‐2 

Pusey BJ & Kennard MJ. (2009). Chapter 3 – Aquatic ecosystems of northern Australia. In: “Northern Australia Land and Water Science 

Review” (ed. P. Stone). Final report to the Northern Australia Land and Water Taskforce. CSIRO Publishing. 

 


