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Presentation Notes
I will start this presentation by briefly introducing our case study and the project where this specific work was developed. The study was set in the Warren region, located on the south coast of WA. 
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The long-term invasion of the Warren and Donnelly rivers in the south coast of WA by the European blackberry, followed by its recent decline caused by a pathogen, has left large river sections denuded of under and mid-story vegetation. Such has prompted efforts to restore those habitat in order to avoid further invasion. 
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One of the aims of the project, aside from revegetating these areas, was understanding what seed provenance strategies would be most appropriate when considering a CC context. 

And to answer this question we focused on 5 plant species 




Setting the scene - our case study

SWWA has experienced significant climatic changes since the 1970s (15-20%
decline in annual rainfall and 0.6 °C increase in annual temperature)

Further drying and warming is projected in a south and westwards direction, with
decrease of 8-33% in annual rainfall and increase of 1.5-2.3 °C in annual
temperatures by 2050)

Historical annual rainfall Projected annual rainfall for 2050  Projected annual rainfall for 2050  Projected annual rainfall for 2050
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As you know the SWWA has experienced significant climatic changes since the 1970s, with a 15-20% decline in annual rainfall and a 0.6 °C increase in annual temperature. 

Further drying and warming is projected in a south and westwards direction, with a projected further decrease of 8-33% in annual rainfall and increase of 1.5-2.3°C in annual temperatures by 2050.



Seed provenance approaches

Most common provenance approach:

Local provenance — seeds are collected locally; local genotypes are
best adapted to the local environment; mal-adapted non-local

genotypes can lead to loss of adaptive potential

Potential issues

« Can encourage the establishment of populations that
may not harbor sufficient evolutionary potential to cope

Local provenance

with climate change
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The most common seed-sourcing approach is local provenance, which recommends seeds to be collected locally, on the assumption that local genotypes are best adapted to the local environment but also that mal-adapted non-local genotypes can lead to loss of adaptive potential and, in an extreme cases, local extinction.

However, there are potential issues with the local provenance. Importantly, it can encourage the establishment of populations that may not harbor sufficient evolutionary potential to cope with CC; and also the selection of genetically depauperate seed sources, which is especially relevant in highly fragmented landscapes. It also ignores the impact of changing climates..






Seed provenance approaches

Alternative provenance approaches:
Composite provenance )

Admixture provenance _ _
» Assisted gene flow as a tool for climate

Predictive provenance change adaptation

Climate-adjusted provenance |

Local provenance Composite provenance Predictive provenance Climate-adjusted provenance
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These limitations have triggered the development of alternative provenance strategies, all of which recognize assisted gene flow – movement of genotypes within the species range – as a tool for increasing species and ecosystems ability to cope with environmental change:

Composite provenancing suggests seeds to be collected locally, and to a lesser extent from other surrounding environments, in a decreasing radius from the restoration site 
Admixture provenancing is similar but has no spatial bias towards the restoration site 
Predictive provenancing prescribes the sourcing of seeds from areas that currently have climatic conditions resembling those projected for the restoration site
Climate-adjusted provenancing suggests seeds be sourced from a number of populations in the direction of the projected CC, including local genotypes

(Only the last two approaches explicitly consider the directional nature of CC)




Decisions... decisions...

The decision-making process for selection of the provenance strategies that
are better suited for each specific case is complex and multifaceted!

It requires information about:

Species adaptive Species exposure to
capacity climate change

Common garden trials &
transplantation experiments;
genomic screening

Species distribution models

Climate gradient
B
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Yet, the decision-making process for selection of the provenance strategies that are better suited for each specific case in a CC context is complex and multifaceted. 

Importantly, it requires info regarding species adaptive capacity, which has been inferred from common garden trials and transplantation experiments, and more recently, by genomic screening. 

These methods try to understand if patterns of differentiation between populations of the same species along a climatic gradient are OR not related with that gradient. If they are, then we can assumed that there is adaptive capacity to climate variation. Genetic distances beyond which populations are significantly differentiated provide cut-off distances for seed collection. If they are not related, then it means that there is not a strong signal of climate adaptive capacity and genetic diversity is distributed across the populations, so specific provenance strategies are not necessary.

Info related with the species exposure to CC should also be considered. 

This can be obtained through SDMs, which are statistical tools that quantify the relationship between observed species occurrences and their habitat – this statistical relationship is used to predict species occurrences under future climate scenarios.  




A spatially explicit approach to aid in the decision

making process for provenance selection

Approach to assist provenance selection:
Structured
Spatially explicit
Recognizes the spatial nature of provenance and climate change
Articulates the use of different sources of information in an optimized

manner (that attends to the often lower availability of genetic data)

Explore the Atlas of Living Australia Sharing biodiversity

Australia’s species Species by location Collections
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So, we developed a structured, spatially explicit approach to assist provenance selection that recognizes the spatial nature of provenance and CC, and that articulates the use of different sources of info in an optimized manner that attends to the often lower availability of genetic data.

As you know, there is an increasing availability and investment on the optimization of online environmental atlas with biodiversity spatial analysis tools, such as the Atlas of Living Australia. Underlying this is an increasing recognition of the importance of those as accessible, rigorous platforms providing up-to-date environmental data and spatial analysis tools to a wide range of agencies implicated in environmental planning and management. 





A spatially explicit approach to aid in the decision

making process for provenance selection

Approach to assist provenance selection:

sequential query of spatial information (species occurrence data,

climatic layers, & SDMSs) to filter through a set of questions related with

the biogeographic settings of the target species — restoration site
Depending on these settings, other lines of evidence may need to be

considered

1. Does the species span a relevant climatic gradient?
2. How is the species distribution range projected to change?

3. Where is the restoration site located in relation to the species current

and projected range?
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Our approach relies on the sequential query of spatial information, including species occurrence data, climatic layers, and SDMs, to filter through a set of questions related with the spatial, biogeographic settings of the target species – restoration site. Depending on these settings, other lines of evidence may need to be considered at a later stage. 


Does the species span a relevant
climatic gradient?
(e.g., climatic variable explaining largest
percentage of vanation on SDM)
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Composite/local
provenance approach
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Composite/local
provenance approach

k Climatic gradient

D Current species distribution range

. Projected species distribution range
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Where is the restoration site in relation to
the species current and projected
distribution range?

) Well outside the
forecasted range

@) Areas of range overlap @) Well within the current

Composite/local provenance
approach. Consider using species
with distribution in adjacent areas in
the direction of climate change

or in between and forecasted range

Climate-adjusted or composite/local

provenance approach, depending on

the species species genetic adaptive
capacity and other elements
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Our approach relies on the sequential query of spatial information, including species occurrence data, climatic layers, and SDMs, to filter through a set of questions related with the spatial, biogeographic settings of the target species – restoration site. Depending on these settings, other lines of evidence may need to be considered at a later stage. The questions are:

Does the species span a relevant climatic gradient? The size and spread of the species distribution range can be small and localized, or widespread. Only where widespread species span a climatic gradient there is scope for assisted gene flow from warmer environments. 

How is the species distribution range projected to change? Species ranges may not be affected by CC, or they may expand, contract or shift. It in only when ranges are predicted to contract or shift, that a provenance approach that actively captures existing genetic adaptation to warmer conditions is most important. SDMs can also provide a coarse guidance on the spatial distances from the restoration site in the direction of CC seeds should be collected from. Obviously, the guidance provided here will depend on the severity of the CC scenario and timeframe used. 

Where is the restoration site located in relation to the species current and projected range? If the restoration site is located at the species contracting range boundary and/or outside the projected distribution range, then only a local/composite provenance approach is suitable. In fact, in this situation, restoration of the historical community assemblage may not be an adequate goal, and consideration should be given to selection of species with distribution in adjacent warmer/drier areas.

When we get to this stage we still need some measure of the species adaptive capacity
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We need some measure of the species adaptive capacity

If provenance trial and/or genomic screening data is not available, neither are
the resources to generate it, knowledge developed on related species
should be used.

If not available, other elements need to be considered to help answering the
guestion if is there likely or not genetic adaptation across the climatic
gradient?

« Although widespread, species are habitat specialists and occur in isolated
Island-like systems, or topographic features occur that may obstruct
dispersal and/or force isolation

e Signs of climate-driven plant health decline are ?I’bserved (fieldwork or
remotely sensed-data)

Where is the restoration site in relation to
the species current and projected
distribution range?

eAreas of range overlap OWeII within the current
or in between and forecasted range

v

Climate-adjusted or composite/local

provenance approach, depending on

the species species genetic adaptive
capacity and other elements
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When we get to this stage we still need some measure of the species adaptive capacity. This data has been largely collected for forestry species and only recently efforts are being made towards collecting it for species used in restoration (which was in fact one of the aims of the project). 

If data is not available, neither are the resources to generate it, knowledge developed on related species should be used. If that is not available, other elements need to be considered to help answering the question if is there likely or not genetic adaptation across the climatic gradient.

For example, several authors have suggested that if signs of climate-driven plant health decline are observed, either through fieldwork or remotely sensed-data, then that should trigger a provenance approach that aims to increase the resilience of the restoration plantings through assisted gene flow.

In contrast, if although widepread, species are habitat specialists and occur in isolated island-like systems (e.g., granite outcrops in a matrix of a different geology), or if topographic features occur that may obstruct dispersal and/or force greater isolation (e.g., montain ranges), then a more cautious approach that uses a local provenance or a climate-adjusted provenance with a greater proportion of local genotypes and/or relatively short seed collection distances should be used.


A spatially explicit approach to aid in the decision
making process for provenance selection

Projected distribution for 2050 Projected distribution for 2050 Projected distribution for 2050
low severity scenario) (medium severity scenario) (high severity scenario)
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Taxandria linearifolia
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These are our SDMs. We used climatic but also hydrographic and topographic layers


Final remarks

All conservation decisions are made in the presence of some level of
uncertainty, and often we need to accept a certain level of risk

Uncertainty on climatic data/SDMs & genetic adaptive capacity data

However, uncertainty and lack of information should not hamper efforts to
Implement climate change adaptation on ecological restoration activities
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All conservation decisions are made in the presence of some level of uncertainty, and often we need to accept a certain level of risk.

Decisions on provenance selection in a climate context have to deal with uncertainty coming both from the climatic data and SDMs, and the genetic data available. 

Uncertainty and lack of information should not hamper though efforts to implement climate change adaptation on ecological restoration activities.

We have suggested a structured, spatially explicit approach to aid in the decision making process for provenance selection. This can be used within an adaptive management approach that weighs our confidence on the data available, by using different spatial distances for seed collection.

In particular, we advocate that a climate-adjusted provenance is a flexible and safe approach for assisted gene flow – it capitalizes on the genetic adaptation to warmer conditions that may be present in the species local and regional gene pools. Also, because it can use guidance from SDMs but does not rely heavily on those to explicitly identify provenance zones, it is not as affected by SDMs uncertainty as a climate predictive provenance. 



Final remarks

We have suggested a structured, spatially explicit approach to aid in
the decision making process for provenance selection

It can be used within an adaptive management approach that weighs
our confidence on the data available, by using different spatial distances
for seed collection

A climate-adjusted provenance is a more flexible and safe approach
for assisted gene flow than climate predictive provenance

Predictive provenance Climate-adjusted provenance
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All conservation decisions are made in the presence of some level of uncertainty, and often we need to accept a certain level of risk.

Decisions on provenance selection in a climate context have to deal with uncertainty coming both from the climatic data and SDMs, and the genetic data available. 

Uncertainty and lack of information should not hamper though efforts to implement climate change adaptation on ecological restoration activities.

We have suggested a structured, spatially explicit approach to aid in the decision making process for provenance selection. This can be used within an adaptive management approach that weighs our confidence on the data available, by using different spatial distances for seed collection.

In particular, we advocate that a climate-adjusted provenance is a flexible and safe approach for assisted gene flow – it capitalizes on the genetic adaptation to warmer conditions that may be present in the species local and regional gene pools. Also, because it can use guidance from SDMs but does not rely heavily on those to explicitly identify provenance zones, it is not as affected by SDMs uncertainty as a climate predictive provenance. 



Acknowledgements

Terry MacFarIane Jullet We,ge-" "'yonén Butche:r'*“Tara Hopley (Parks and W|Id||fe)




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16

