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Models inform multiple scales & modes of assessment 
addressing multiple dimensions & levels of biodiversity 



The challenge of the compositional dimension - 
biodiversity really is diverse, and poorly known  

MEA (2005) 

Bork et al (2006) 



Two major sources of information on the state of 
biodiversity, with complementary strengths   

 
• direct detection of structure, function and composition 

• but sparse, and uneven, spatial coverage  

In situ (field based) observation 

Remote sensing 
• complete spatial coverage 

• reasonable detection of ecosystem structure & function, 
but not of biodiversity composition at species/gene level 

 



   
   

Therefore need integration through modelling, laying 
the foundation for change observation & projection  
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Spectrum of distributional modelling strategies 
Ferrier & Guisan (2006) Journal of Applied Ecology  

   

Individual species distribution 

(niche) modelling 

Simultaneous multi-response 

modelling of multiple species 

“Assemble first, predict later” 

techniques 

Macroecological modelling of collective 

biodiversity properties (richness, 

compositional turnover etc) 

• interested in individual species of particular concern 

• reasonable number of records per species 

• interested in biodiversity as a whole 

• huge number of species, each with few (or no) records 

“Predict first, assemble later” 

techniques 



Remotely derived environmental variables: 

 climate, terrain, soils, geographic isolation etc 

77,000 records of 2,700 land-snail species 

Spatial pattern in 

compositional turnover 

Funded by Aust. Dept of Sustainability, Environment, Water, Population & Communities 

Generalised 

dissimilarity  

modelling (GDM) 

- e.g. modelling spatial turnover in biodiversity 
composition using generalised dissimilarity modelling  

etc ... 

etc ... 



   
   

Adding the temporal dimension – projecting 
biodiversity persistence under alternative scenarios   
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Ferrier, S & Drielsma, M (2010) Diversity & Distributions 16: 386-492  

A general framework for modelling persistence of 
compositional diversity – three broad components           



  

Ferrier, S & Drielsma, M (2010) Diversity & Distributions 16: 386-492  

Flexibility in implementing these components ...            



  

Ferrier, S & Drielsma, M (2010) Diversity & Distributions 16: 386-492  

... from simple pattern-based approaches ...            



  

Drielsma, M & Ferrier, S (2009) Biological Conservation 142: 529-540  
   

... to more complex process-based approaches,  
e.g. metapopulation-capacity modelling ...            



  

Mokany, K et al (2012) Global Change Biology 18: 3149-3159    
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... dynamic macroecological modelling of metacommunity 
persistence (accounting for climate change)            



  

Ferrier, S & Drielsma, M (2010) Diversity & Distributions 16: 386-492  

A common foundation for multiple forms of higher-level 
assessment across multiple scales             



Landscape / regional scale applications – e.g. conservation 
planning in north-east NSW forests in the 1990s ... 

Ferrier, S, Pressey, R & Barrett, T (2000) Biological Conservation 93: 303-325 
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  ... whole-landscape prioritisation of protective and 
restorative management actions ...               



  ... multi-objective environmental / social / economic 
evaluation of alternative land-use scenarios ...              
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PROPOSAL No.5 

Veg Type: Yellow Box - Blakely’s Red Gum  
                                      Woodland 

Proposed Management Strategies: fencing and 
                                                         replanting 

Predicted Veg Condition (after mgt): 6/10 

Cost:$12500 

Seddon JA et al (2010) Conservation Letters 3: 415-424  

... site-based assessment of environmental stewardship 
proposals within a whole-landscape context             



National / continental scale applications – e.g. climate 
change impact & vulnerability assessment ... 

Representativeness of 

reserve system (2070 

A1B scenario)  

Potential change in plant 

community composition  

(2030 A1FI scenario) 



... also informing policy & planning at state  (provincial) 
scale ... 



 ... and recently applied at much finer spatial resolution 
to identify potential climate refugia for biodiversity ...  
     



... employing a new generation of fine-scaled 
environmental variables & high-performance computing    
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GCM GFDL-ESM2 for 2085 RCP8.5 



... CSIRO Australian National Outlook project – integrated assessment of 
natural-resource use scenarios  (land, water, energy, ecosystem services)  
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Ferrier et al (2004) BioScience 

Global scale applications – e.g. proof-of-concept assessment 
of protected areas for 5th World Parks Congress (2003) ... 



... major new opportunities have opened up over past 
10 years through various global initiatives & activities ... 



A recent proof-of-concept example – based on modelling 
of all GBIF data for ferns (>1.3 million records for >10,000 species) 

Land-use change (IMAGE etc) Climate change (IPCC etc)  

Fern species records (GBIF) Base environment (WorldClim etc) 

Modelled retention of compositional diversity 
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Thereby able to report change in retention of compositional 
diversity at any required level of spatial aggregation  



6th World Parks Congress (Nov 2014) serving as a catalyst 
for first full implementation of this approach  



  

 How adequately does the world’s protected-area system represent 

current patterns of compositional diversity across a wide range of 

highly diverse biological groups? 

 How is this level of representation expected to change given 

projected velocities of climate change? 

 Which existing protected areas are most vulnerable to turnover 

and/or loss of compositional diversity under climate change? 

 Where are the gaps in existing protected-area coverage that could be 

most critical to maximising overall whole-landscape retention of 

compositional diversity, in the face of ongoing climate and land-use 

change?  

6th World Parks Congress (Nov 2014) serving as a catalyst 
for first full implementation of this approach  



The challenge ahead - integration & harmonisation across 
scales, biodiversity dimensions, & assessment modes 
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The challenge ahead - integration & harmonisation across 
scales, biodiversity dimensions, & assessment modes 



Thank you 
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