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Research Centre for Ecosystem Resilience ( ReCER )

• Team of 20 multi - disciplinary researchers. 

• Common interest in guiding restoration and 
conservation of resilient ecosystems through large -
scale genomic projects.
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Helping Hunter Region Landcare and Mid Coast 2 Tops Landcare restore resilient 
(climate - ready) ecosystems

• What is a resilient climate - ready ecosystem and why the genetic diversity of single species is relevant. 

• Moving on from generalisations regarding ‘local provenance’ to evidence based genetic neighbourhoods

• Shift focus to restoring plant populations.   

• Introduce you to the Restore and Renew webtool and how it can guide sourcing of climate - ready 
genetically diverse plants for restoration. 

• Webtool demonstration. 



A community of living (biotic) things interacting with each 
other and with their non - living (abiotic) environment. 
 

What is an ecosystem? 

It is made up of ‘populations’ of different species

To restore an ecosystem -  the populations of species within it need to 
be able to survive, reproduce and maintain themselves – i.e. they need 

to be self - sustaining. 



To be successful, restoration needs to be SELF - SUSTAINING.

• ….it needs to be made up of functioning and resilient 
populations of its component species that are:

• Fecund – reproducing now and into the longer - term, 

• Adapted – to current conditions, 

• Adaptable – to future challenges (adaptive potential )

Quality

Quantity

≠

To be able to reproduce and adapt to change, 
populations need genetic diversity 

-  because genetic diversity maximises adaptive 
potential  and minimises inbreeding. 



i.e. Where you source your plants/seed from matters!

If  planted/natural populations have low genetic diversity they may 
not reproduce and are unlikely to have the potential to adapt. 

An d you are simply gardening!



The more genetic diversity a population has the more likely it has a trait that enables it 
to adapt to change

Vulnerability

Vulnerability



Inbreeding reduces fitness

• Inbreeding is when individuals that are genetically closely 
related/similar mate and produce offspring (e.g. seed from the same 
tree, or from a small population). 



Inbreeding reduces fitness

• Inbreeding is when individuals that are genetically closely 
related/similar mate and produce offspring (e.g. seed from the same 
tree, or from a small population). 

• Alleles: alternative versions of a gene 

• at a given location in genetic code -  each individual  has two 
(one from each parent). 

• Can be the same (homozygous) or different (heterozygous). 

• Dominant (expressed no matter what) or recessive 
(only expressed if not masked by a dominant allele).



To restore resilient climate - ready ecosystems

Strive to restore self - sustaining populations for each of your target species

Strive for diversity within individuals to avoid INBREEDING  DEPRESSION. 

Capture diversity within species to facilitates resilience (ADAPTIVE POTENTIAL )



Unfortunately – material used in restoration typically has low genetic diversity due to 
habitat loss and narrow seed collection. 

Genetically 
diverse natural 
population 

Habitat clearing
decreases 
genetic diversity

Seed collection from too 
few plants or from a small 
geographic area may 
amplify loss of genetic 
diversity. 

Short - term

Low genetic diversity
= inbreeding 
= no recruitment



Low genetic diversity can arise from habitat loss and narrow seed collection

Short - term

New stress 
(e.g. climate -
change, disease)

Long - term

Low diversity = 
Low adaptive 
potential



For your plantings to be a success …

Genetically 
diverse seed 
collection

Genetically 
diverse restored 
population 

Normal 
recruitment

Short - term Long - term

Self - sustaining and 
adapted population



What is local provenance -  & why have we been told to use it? 

Generalisation aimed at:

(i) capturing material adapted to local conditions

(ii) avoid unintentional consequences of crossing 
individuals that are too dissimilar

But how stable are local 
conditions? 

How far is too far? 



We can’t make generalisations 

• E.g. Co - distributed, co - generic species have very 
different genetic neighbourhoods.



What is local provenance -  & why have we been told to use it? 

Generalisation aimed at:

(i) capturing material adapted to local conditions

(ii) avoid unintentional consequences of crossing 
individuals that are too dissimilar

Genetic collection area -  based on genetic data rather than generalisations  

Synonyms and related terms: genetic neighbourhood, seed transfer zone.  

An area across which you can safely source material to maximise genetic diversity and avoid unintentional 
consequences of crossing individuals that are too dissimilar. 

But how stable are local 
conditions? 

How far is too far? 



https://www.climatechange.environment.nsw
.gov.au/resources/restore - and - renew -

webtool





e.g  Restoring Floodplain Dry Rainforest (Rainforest Revival project)
<3% original extent remains as small, degraded, isolated remnants

Already lost genetic diversity due to random genetic drift, bottlenecks 
and inbreeding. 

https://hunterlandcare.org.au/hrrp/what - are - dry - rainforests/







What does the Restore and Renew webtool do? 

• Synthesises the latest genetic and climate science data to 
help you design evidence - based resilient climate - ready 
restoration. 

• For a restoration site , identifies: 

• species - specific genetic collection areas

• future climate matched areas

Genetic  collection  area

• An area across which gene flow naturally occurs for a particular 
species, or  did occur prior to habitat loss and fragmentation. 

• By focussing your seed sourcing on an area where gene flow 
occurs naturally, you align with natural processes.  
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What does the Restore and Renew webtool do? 

• Synthesises the latest genetic and climate science data to 
help you design evidence - based restoration projects that will 
make a difference. 

• For your restoration site, identifies: 

• species - specific genetic collection areas

• future climate matched areas

Future climate matched

• Areas currently experiencing climatic conditions similar to  what the 
target restoration site is projected to experience in the future. 

• Seed sourced from these areas is 'climate ready’ – as it already 
possess characteristics that are adapted to the future climate of 
the restoration site. 





Use the webtool to design genetically diverse climate - ready restoration by 
considering genetic collection area  & future climate

• To maximise genetic diversity , source 
seed or other plant material from 
multiple plants at multiple sites across 
the entire genetic collection area . 

• You can further support the climate 
resilience of your plant population by 
including seed sourced from ‘future 
climate match ’ sites.



What wonderfully worthwhile things can you do using Restore 
and Renew

✓ recover genetic diversity and reinstate gene flow disrupted by habitat loss 
and fragmentation

✓ move beyond generalisations regarding local provenance and source seed 
from genetic collection areas that align with natural gene flow

✓ enhance climate readiness by sourcing material from areas already 
experiencing climatic conditions similar to  the projected future conditions 
of your restoration site

✓ avoid wasting time and money on failed restoration by shifting the focus 
from quantity to quality (from plants to populations).

✓ minimise inbreeding and enhance reproductive fitness

✓ maximise adaptive potential and increase the chance that restored 
vegetation can adapt to diseases and changing environmental conditions

✓ overcome limits to seed availability by discovering that, for many species, 
the area from which seed can be safely sourced is larger than expected.



Species available on the webtool so far…..…..

Acacia decurrens, Acacia falcata, Acacia harpophylla , Acacia implexa , Acacia linifolia , Acacia longifolia, Acacia 
parramattensis , Acacia suaveolens, Acacia terminalis, Actinotus  helianthi , Aegiceras  cornulatum , Angophora 
costata , Angophora floribunda, Angophora hispida, Araucaria bidwillii, Argyrodendron  trifoliolatum , Avicennia 
marina, Banksia aemula , Banksia ericifolia  subsp. ericifolia , Banksia marginata, Banksia serrata, Brachychiton 
acerifolius , Breynia  oblongifolia , Bursaria spinosa, Cadellia  pentastylis , Callicoma  serratifolia , 
Castanospermum australe, Casuarina cristata, Ceratopetalum  apetalum , Ceratopetalum  gummiferum , Correa 
alba, Correa reflexa , Corymbia  eximia , Corymbia  gummifera , Cryptocarya glaucescens, Diospyros pentamera , 
Diploglottis  australis, Dodonaea  triquetra, Dodonaea  viscosa , Doryanthes  excelsa, Doryphora  sassafras, 
Elaeocarpus reticulatus, Eucalyptus albens , Eucalyptus amplifolia , Eucalyptus baueriana , Eucalyptus blakelyi , 
Eucalyptus bridgesiana , Eucalyptus caliginosa , Eucalyptus camaldulensis, Eucalyptus cunninghamii , 
Eucalyptus dealbata, Eucalyptus fibrosa, Eucalyptus goniocalyx , Eucalyptus haemastoma , Eucalyptus 
johnstonii , Eucalyptus macrorhyncha , Eucalyptus melliodora , Eucalyptus piperita, Eucalyptus polyanthemos , 
Eucalyptus populnea , Eucalyptus punctata, Eucalyptus racemosa, Eucalyptus rossii , Eucalyptus rubida , 
Eucalyptus sieberi , Eucalyptus subcrenulata , Eucalyptus vernicosa , Ficus coronata, Ficus rubiginosa , 
Grevillea buxifolia , Grevillea sericea, Grevillea sphacelata , Hakea sericea, Hakea teretifolia , Hardenbergia  
violacea, Kunzea  ambigua , Leptospermum laevigatum , Melaleuca decora, Melaleuca nodosa, Melaleuca 
quinquenervia , Microlaena  stipoides, Neolitsea  dealbata, Notelaea  microcarpa , Nothofagus moorei , Orites  
excelsus, Pittosporum undulatum , Planchonella  australis, Polyscias  murrayi , Schizomeria  ovata, Sloanea  
australis, Sloanea  woollsii , Spinifex sericeus , Syncarpia  glomulifera , Themeda  triandra , Toona ciliata , 
Tristaniopsis  collina , Tristaniopsis  laurina , Westringia fruticosa , Wilkiea  hugeliana



Forest Red Gum Grey Box

And there’s a whole lot of other species that are getting close. E.g. 

Kurrajong



Two more ways to further maximise success…..



1. Don’t pool provenances and maintain maternal lines

• Seed collections can be better used in restoration if 
we keep the seed from different sites and different 
mother plants separate when collecting, storing and 
propagating (i.e. don’t pool provenances and maintain 
maternal lines)

• All the seed from one individual belong to the same 
maternal line and are siblings. 

• Being able to identify provenance and maternal line 
allows you

– to mix provenances and maternal lines at planting 
to maximise outcrossing & minimise inbreeding

– isolate hybrid, inbred or planted maternal lines…..



E.g. Eucalyptus camaldulensis . Maintaining maternal lines prevented planting of 
hybrid and highly inbred plants

• Maintained maternal lines from seed collection 
through to propagation. 

• Plants grown from seed collected from a 
hybrid/planted tree excluded from plantings. 

• And can avoid future planting of highly inbred 
seedlings. 



2. Don’t restrict yourself to sourcing seed only from target plant community type

• Species occur in more than one plant community type. 

• While plant community type classification is a convenient way to partition floristic diversity, it does not 
reflect the evolutionary history or adaptive potential of single species. 

• A key implication for nature repair, is that when restoring a particular plant community type, constraining 
seed collection of a target species to a particular vegetation type is unnecessary and may reduce the 
long - term viability and resilience of restored vegetation. 



In summary – to maximise the success and climate - readiness of your plantings

1. Remember that you are restoring self - sustaining 
populations – and need to sensibly maximise 
genetic diversity. 

2. Use Restore and Renew webtool to design your 
sourcing strategy to achieve this. 

3. Grow your plants from seed collected from multiple 
plants across multiple sites across the genetic 
collection area, including site(s) that match 
predicted future climatic conditions. 

4. Keep seed from different sites (and ideally different 
plants) separate during propagation so that you can 
mix them together at planting to maximise 
outcrossing. 

5. Don’t restrict yourself to sourcing seed only from 
the same plant community type. 

Monitoring success of Yass Area Network of Landcare Climate - Ready 
Revegetation. 



Stay up to date on our research…
https://www.botanicgardens.org.au/recer  (subscribe to e - news)



Using the Restore and Renew webtool to guide seed sourcing for 
resilient restoration –half - day + collections app afternoon workshop

• Climate change and habitat fragmentation are affecting restoration success.

• Learn how to incorporate genetic information and climate projections when planning restoration 
projects at all scales, from localised efforts on private land to large - scale government - led 
restoration. 

• Various dates and themes. 

• 13th Aug, Sydney. In collaboration with Cultural and Ecosystem Adaptation DCCEEW 
(Major programs focus + tour of the ReCER lab).

• 19th Aug, Lismore. In collaboration with Friends of the Koala (Eucalypt restoration 
focus)

• 29 th Oct, Dorroughby, In collaboration with Big Scrub Rainforest Conservancy 
(Rainforest restoration focus).

• 30 th Oct, North Coast Regional Seed Bank Network and Saving our Species DCCEEW 
(seed bank focus).

More info: https://events.humanitix.com/restore - and - renew - webtool



Links for those who would like to dive deeper (from question time) 

• Defining species - specific seed sourcing strategies for restoration: an example of how to use genetic 
data to inform seed collections for multiple co - occurring species

• Walking the trees: we traced how First Nations groups moved bunya pine and black bean trees



https://www.climatechange.environment.nsw.gov.au/resources/restore - and - renew - webtool/


