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The highly endangered Mt Donna Buang wingless stonefly (Riekoperla
darlingtoni). The larvae of the species have only been found in three small
mountain summit populations within a three kilometre radius of the mountain.
Credit: Eddie Tsrylin
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This summer's devastating Australian fires and their continuing impact
on biodiversity serve as a stark reminder of the challenges in nature
conservation as we head into an increasingly volatile future driven by
climate change.

It is no longer sufficient to protect land areas as part of a national reserve
system in the hope that these areas can protect the rare and vulnerable
species within them and maintain overall biodiversity.

Megafires destroy vast tracts of land and are now occurring at a 
frequency and severity that prevents natural ecosystem recovery
processes.

The Australian alpine region has historically experienced a major fire
every 50 to 100 years. In the last two decades alone, we have witnessed
four significant fires in 2003, 2007, 2009 and 2019, with some areas
burnt more than three times since 2003.

While scientific evidence has highlighted that most Australian
ecosystems, including those in our alpine regions, are resilient to the
occasional severe fire, the increase in frequency and severity is likely to
result in substantial and permanent impacts.

This includes local extinctions and changes to ecosystems like forests
becoming more flammable.

In a future that predicts increases in the intensity, duration and
frequency of fires, drought and other severe weather, how do we protect
Australia's unique biodiversity?

This is a big question when faced with a political system both within and
outside Australia that either lacks the political will to reduce worldwide
emissions or outrightly denies the science of climate change.
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https://phys.org/tags/land+areas/
https://phys.org/tags/vulnerable+species/
https://phys.org/tags/vulnerable+species/
https://phys.org/tags/biodiversity/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4785963/
https://www.publish.csiro.au/WF/WF07154
https://www.ffm.vic.gov.au/history-and-incidents/past-bushfires
https://pursuit.unimelb.edu.au/articles/why-australia-s-severe-bushfires-may-be-bad-news-for-tree-regeneration
http://www.mountainresearchinitiative.org/news-content/global/the-bushfire-crisis-implications-for-australia-s-unique-alpine-flora-and-fauna
https://www.sciencedirect.com/science/article/abs/pii/S0378112712005452
https://www.sciencedirect.com/science/article/abs/pii/S0378112712005452
https://pursuit.unimelb.edu.au/articles/extreme-weather-why-the-impact-will-be-felt-more-widely
https://pursuit.unimelb.edu.au/articles/extreme-weather-why-the-impact-will-be-felt-more-widely
https://www.nbcnews.com/science/environment/australia-fire-literally-so-are-its-climate-politics-n1104351
https://www.theguardian.com/australia-news/2020/jan/16/there-is-no-link-the-climate-doubters-within-scott-morrisons-government
https://phys.org/tags/climate+change/


 

Across a timeframe of hundreds of thousands of years, biodiversity has
persisted in natural environments despite substantial shifts in climate as a
result of evolutionary processes that allows it to adapt to any gradual
changes in climate.

However, the unprecedented rates of climatic change we're currently
seeing now will likely be too rapid for most animals and plants to
adapt—especially for long-lived species.

So, the persistence of vulnerable species under climate change is likely
be governed by the availability of refugia within the landscape.

Landscape refugia are locations that contain various attributes (such as
mountain topography) which act as a buffer to extremes in climate
change.

At a genetic level, these refugia also typically harbor high levels of
genetic variation both within and between species. Important genetic
refugia are well known in the northern hemisphere, including some
North American trees, where they have been identified in relation to
glaciation (the formation, movement and recession of glaciers).

Identifying key biodiversity refugia within a landscape is no easy task.
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https://earthobservatory.nasa.gov/features/GlobalWarming/page3.php
https://phys.org/tags/climate/
https://webarchive.nla.gov.au/awa/20190509030954/http:/www.garnautreview.org.au/2008-review.html
https://pursuit.unimelb.edu.au/articles/tracking-the-climate-threat-to-australia-s-unique-ecosystems
https://phys.org/tags/genetic+level/
https://phys.org/tags/northern+hemisphere/
https://royalsocietypublishing.org/doi/full/10.1098/rspb.2014.2903
https://royalsocietypublishing.org/doi/full/10.1098/rspb.2014.2903


 

  

The devastating extent of the 2003 fires in the Victorian Alpine region. Credit:
Henrik Wahren

This is because locations with high species richness are not always the
same locations as those that are capable of buffering against
environmental change while also maintaining high genetic diversity.

However, recent advances in genetics are providing scientists with the
better tools to identify locations which have acted as refugia for
thousands of years.

These particular refugia, called evolutionary refugia, highlight areas
where populations have persisted though substantial environmental
change and where genetic connectedness has provided an influx of new
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genetic material.

The groups in these refugia, both related and unrelated, often show
overlapping patterns of genetic diversity—showing us that conserving
evolutionary refugia can protect biodiversity across multiple organisms.

For instance, refugial areas of native insects in Victoria's alpine region
have been found around mountain summits. But other organisms,
including plants, show similar patterns of high genetic diversity.

While the exact reasons these patterns exist may remain unclear, they
highlight areas where disparate species have persisted despite major
environmental changes.

Modern DNA approaches have become very efficient in identifying
patterns of population processes across evolutionary history.

We can now can track ancient changes in population size as well as
unpick how organisms have moved in and out of refugial areas. These
tools have become cheaper and more readily available, allowing us to
build up detailed pictures of persistent diversity across our landscape.

Following the devastating fires this summer, now is the time to identify,
conserve and protect genetic refugial areas.

We need to plan for extra protection measures in identified biodiversity
refugia; we've already seen it's possible to protect key areas in times of
crisis after specialist firefighters were deployed to save the world's last
stand of ancient Wollemi Pine from the Gospers Mountain fire in New
South Wales.

The trees' preservation means, in the long term, that they can be used as
source populations when, or if, the climate stabilises.
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https://onlinelibrary.wiley.com/doi/abs/10.1111/jbi.12387
https://onlinelibrary.wiley.com/doi/abs/10.1111/jbi.13120
https://royalsocietypublishing.org/doi/full/10.1098/rsbl.2016.0211


 

But, in the short term, it's critical we ensure that connections are
maintained between refugia and the surrounding landscape by promoting
the movement of individuals with diverse genotypes across the wider
landscape.

This means human involvement—distributing seed, eggs and other
propagules. It is important to move away from local management of
environments to 'evolutionary' management of biodiversity that
recognises that the entire landscape cannot be preserved.

We need to rethink biodiversity protection and take a much longer
perspective in terms of its conservation, accepting that we cannot 'save'
species, but that we can only reduce the extent to which biodiversity is
depleted.

This requires strong leadership, political will and an evolutionary
approach to conservation as our climate changes.

  More information: Valeria Montano. Coalescent inferences in
conservation genetics: should the exception become the rule?, Biology
Letters (2016). DOI: 10.1098/rsbl.2016.0211 

Yoshinori Endo et al. Comparative phylogeography of alpine
invertebrates indicates deep lineage diversification and historical refugia
in the Australian Alps, Journal of Biogeography (2014). DOI:
10.1111/jbi.12387

Nicholas Bell et al. Spatial patterns of genetic diversity among Australian
alpine flora communities revealed by comparative phylogenomics, 
Journal of Biogeography (2017). DOI: 10.1111/jbi.13120
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http://dx.doi.org/10.1098/rsbl.2016.0211
http://dx.doi.org/10.1111/jbi.12387
http://dx.doi.org/10.1111/jbi.12387
http://dx.doi.org/10.1111/jbi.13120
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