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Identifying refugia for freshwater biodiversity across Australia 

Cassandra James1, Jeremy VanDerWal1, Doug Ward2, Samantha Capon2, April Reside1, Stephen Williams2 
1School of Marine and Tropical Biology, Centre for Tropical Biodiversity and Climate Change, James Cook University, 2Australian Rivers Institute, 
Griffith University 

Background/question/methods: Freshwater ecosystems have very high biodiversity relative to their areal extent. They are 
particularly vulnerable to climate change because of their limited extent, their limited connectivity and, in much of Australia, 
their susceptibility to drying resulting from the high variability of temperature and rainfall. Identifying, protecting and 
managing freshwater refugia that will help protect our unique Australian biodiversity from the impacts of climate change 
must be a key component of all future conservation planning and policy. We investigate the relative stability of biophysical 
attributes of freshwater ecosystems regimes across the Australian continent. Using metrics describing hydrological and 
climate conditions that are relevant to freshwater biota we derive exposure surfaces for the Australian continent as the 
difference between current and future temperature and runoff regimes, and the number of standard deviations predicted 
future climates are from the current mean. These surfaces are then interrogated with respect to distribution of freshwater 
habitats and important biophysical attributes at various scales to identify the spatiotemporal extent and quality of refugia. 

Results/conclusions: Climate change is highly spatially and seasonally variable. Future stable and unstable areas can be 
identified; we highlight the relatively stable areas that will be areas of least concern. However, many regions and freshwater 
biophysical features will experience climates well outside their current range of variability. Within unstable areas refugia will 
be a high priority, e.g. areas where temperatures are ameliorated through shading from vegetation or topographic shading. 

Cassandra James’s research focuses on identifying regions of potential freshwater refugia for species persistence under climate change. She has a 
particular interest in the vegetation dynamics of riparian, floodplain and wetland ecosystems. 

Identifying refugia in a warming, drying global biodiversity hotspot 

Grant Wardell-Johnson1, Kimberly Van Niel2, Colin Yates3, Antonius GT Schut1,4, Margaret Byrne3, Gunnar Keppel1,5, Stephen Hopper6,7, 
Ladislav Mucina1, Steven Franklin8 
1Curtin Institute for Biodiversity and Climate, Curtin University, 2School of Earth and Geographical Sciences, University of Western Australia, 
3Science Division, Department of Environment and Conservation, 4Department of Spatial Sciences, Curtin University, 5School of Natural and Built 
Environments, University of South Australia, 6Royal Botanic Gardens Kew, UK, 7School of Plant Biology, University of Western Australia, 8Trent 
University, Canada 

Background/question/methods: Refugia are habitats where species can contract to, persist in and expand from as the 
regional climate changes. Therefore they have potential for facilitating the regional persistence of biodiversity under 
anthropogenic climate change, and are critically important in climate change adaptation management. The identification of 
refugia is problematic in drying landscapes of subdued topography; exemplified by the South-western Australian Floristic 
Region (SWAFR)—a global biodiversity hotspot. In the landscapes of this region, refugia must provide protection against 
three increasing environmental stressors: reduced moisture availability, increasing fire severity and more frequent extreme 
temperature events. We review spatially explicit evidence for refugia in the SWAFR, based on the distribution of 
environmental (e. g. water, temperature, fire) and biological processes (species traits, phylo and phytogeography) in the 
region. High resolution spatial data, phylogeography, ecophysiology and community data provides an integrated, 
transdisciplinary framework for the identification and management of refugia in the region. 

Results/conclusions: Current environmental and biotic signals such as high habitat heterogeneity, increased vegetation 
height and vigour, and populations outside their predominant range are good indicators for areas serving as refugia. 
Historical signals from the ecological and evolutionary dynamics of plant communities (i.e. species traits), and from 
phylogeographic patterns also separate refugia from the surrounding matrix. Particular riparian habitats, granite outcrop 
systems, high rainfall forest ecosystems and the few mountain ranges of limited extent provide a wide range of habitats 
with specific refugial characteristics. Experimental hypothesis testing is now needed to materially advance the 
understanding developed from our correlative and observational findings. 

Grant Wardell-Johnson leads the team that represents a current Australian Research Council grant (Protecting the safe havens: will granite outcrop 
environments serve as refuges for flora threatened by anthropogenic climate change?). Grant works at the Curtin Institute for Biodiversity and Climate. 




