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Comoé National Park, Cote d’Ivoire 



Trait structure  
(Body sizes, Diets, “Services”) 

Phylogenetic structure 
(Phylo. diversity, evenness, species 

distinctness, “Ages”) 

Threats 
(Red list status, Range sizes, 
climate change exposure) 

Assemblage attributes 

Comoé National Park, Cote d’Ivoire 
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Expanding perspective, scale 



Scale 

Local 
assemblage 

Processes 

Landscape Regional 

Fine scale biotic and  
abiotic interactions 

Habitat diversity  

Source – sink dynamics  

Broad-scale environmental 
variables (water, energy) 

History processes (plate 
tectonics, mountain uplift)  

Continental 

Community  
ecology    

Macroecology 
Biogeography 

Macroevolution    

Adapted from Shmida & Wilson 1985 

Landscape 
ecology    

Bridging scales and disciplines  



Global Integrative Biodiversity Science 
The opportunities of integrating the dimensions of 

biodiversity at global scale for whole clades 

General, unbiased (global) inference about 

Species Assemblages 

Species attributes Assemblage attributes 
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Species Assemblages 

Spatial distribution 

Species attributes Assemblage attributes 

The opportunities of integrating the dimensions of 
biodiversity at global scale for whole clades 

Global Integrative Biodiversity Science 

Environment 

Historical Factors 
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Global Integrative Biodiversity Science 

• Phylogenies: dramatic growth, individual 
level 

• Environment: Remote sensing, globally 
contiguous data down to 30m, 5m 

• Traits: strong growth, increasingly population, 
individual level through collaborative efforts, 
semantic web 

• Spatial: efforts for integration, dramatic 
growth of museum/amateur/tracking data 

• Big Data to generalize, connect scales 
• Need for strong, cross-scale/-discipline 

science 

 

   
    

  
     
     

    
   

  
   

 



Synthesis 
Concepts,  

Theory & Analysis 

Methods & 
Models Data 

• Geographic distributions 
• Environmental layers 
• Phylogenies 
• Trait data 

• Phylogenetic comparative  
• Spatial hierarchical 
• Cross-scale 
• Integrative Bayesian 

Biodiversity 
informatics 

 

   
    

  
     
     

    
   

  
   

  

   
    

  
     
     

    
   

  
   

 



 

   
    

  
     
     

    
   

  
   

 

Synthesis 
Concepts,  

Theory & Analysis 

Methods & 
Models Data 

• Geographic distributions 
• Environmental layers 
• Phylogenies 
• Trait data 

• Phylogenetic comparative  
• Spatial hierarchical 
• Simulation models 
• Integrative Bayesian 

Biodiversity 
informatics 

Global 
Change 

 

   
    

  
     
     

    
   

  
   

 

Global 
Change 



Scale 

Local 
assemblage 

Processes 

Landscape Regional 

Fine scale biotic and  
abiotic interactions 

Habitat diversity  

Source – sink dynamics  

Broad-scale environmental 
variables (water, energy) 

History processes (plate 
tectonics, mountain uplift)  

Continental 

Community  
ecology    

Macroecology 
Biogeography 

Macroevolution    

Adapted from Shmida & Wilson 1985 

Landscape 
ecology    

Narrow extent 
Fine grain 

Large extent 
Coarse grain 

Large extent 
Fine grain 

Bridging scales and disciplines  



Big, advanced spatial biodiversity data 

Hurlbert and Jetz (PNAS 2007) 
Jetz et al. (Conservation Biology 2008) 



Harvest Mouse 
(Micromys minutus) 

Point occurrences 
Species distributions – knowledge limits 



Point occurrences 

Harvest Mouse 
(Micromys minutus) 

Species distributions – knowledge limits 



Point data – riddled by false absences 

Meyer et al. in review 



Meyer et al. in review 



Species 1 distribution 

Environmental 
Variable 1 
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Environmental layers 
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Species 1 distribution 

Environmental 
Variable 1 
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Environmental layers 

Environmental 
Variable 1 
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435 bird species 

Hurlbert and Jetz, PNAS 2007 

Expert range maps  
usually only accurate > 100km grain 

Ac
cu

ra
cy

 

Congo Peacock 



Kreft & Jetz (2007) 
Global marine biodiversity  
Tittensor et al. (2010) 

Vascular plants 



Birds 

Mammals 

Amphibians 

Reptiles 

Terrestrial vertebrates Space 



100km 

Insular mole Source: Nanjing Institute of Environmental Sciences, 
Ministry of Environmental Protection 

Which, how many species covered in nature 
reserve?  
 
With  this data alone scientifically impossible to 
answer 

Species inventories: counties 



Jetz, McPherson & 
Guralnick 2012, TREE 

Spatial 
biodiversity 
data types 



Keil et al MEE, 2013 
Keil & Jetz, Eco. Appl. 2014 
Keil et al., in revision 

Integrating data and scales with hierarchical models  



An infrastructure for integrating and analyzing 
global species distribution knowledge 

Jetz et al. 2012, TREE 



Biodiversity Monitoring 



? Suitable data, 
parameters, models? 
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Response 

Projection 
(Future) 

Indicators 
Metrics 

Data 
Monitoring 

From: IPBES Guide on Assessments, Draft 
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Essential Biodiversity Variables 



Essential Biodiversity Variables 



The Living Planet Database (LPD) holds time-series data for over 11,000 populations of more than 
2700 vertebrate species from around the world. The global LPI is calculated using over 9000 of 
these population time-series which are gathered from a variety of sources such as journals, online 
databases and government reports. 

Living Planet Index 

Collen et al 2009 



How to achieve a globally representative 
and generalizable biodiversity monitoring 
for scientifically rigorous assessment and 
projection of impacts and change? 
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    Taxonomically, geographically, 
environmentally biased 

Biodiversity data suited 
for monitoring is … 

Not mobilized 

Spatially, temporally coarse 

Limited to only certain attributes 



Squacco Heron 

Geographical, 
environmental bias 

Promise of citizen 
science 



Promise of remote 
sensing 

Promise of citizen 
science 



Remote sensing 

Venezuela: cloud cover  

Global land cover 



I. Providing representative baselines: species 
distributions, communities, environment 
 

II. Quantifying environmental change 
 

III. Detecting, monitoring biodiversity change 
 

Global Biodiversity 
Monitoring 



Global 1km 
environmental 

layers  
Global spatial 

biodiversity data 
Models 

Quality 
Control 

Map of 
Life 

Predictions 

Inference 

Hierarchical 
Bayesian models 

1km Environment (static,14/20y) 

• Topography 
• Land cover 
• Terrain 
• Radiation 
• Habitat Heterogeneity 
• Net primary productivity 

1km Climate  
(daily 1980/2001-2014) 

• Temperature 
• Cloud cover 
• Precipitation 
• Bioclimatic variables: 
• Extreme events  

Change in:  
Species niches 
Species distributions 

1980s - 2014 

I. Sample- and model-based Biodiversity Monitoring 



1km MODIS 
Land cover 

30m Landsat 
Tree cover 

II. Range-, Land-cover based Biodiversity Monitoring 



Expert range: 
180,000km2 

Hartlaub’s Turaco 
Predicted range size 
2001: 23,000km2 

2012: 21,700km2 
 

Region A - Probability 
Species is Present:  
2001: 0.28 (± 0.03)  
2012: 0.23 (± 0.05) 
 
 

Hartlaub’s Turaco: 
forest specialist, 

>1500m elevation 

Landcover 
2001-2012 

Region A - Predicted 
bird richness: 
2001: 189  (± 7.4) 
2012: 179  (± 5.6)  
 
 

2000 2005 2010

20,000

10,000

Range 
size (km2)

Species distribution refinement and change monitoring 

Region species prediction, change monitoring 

1 

Suitable 2012 
Expert range 

2 

II. Range-, Land-cover based Biodiversity Monitoring 



Global Biodiversity Monitoring, 
Prediction & Reporting 

How do gaps, biases in biodiversity data 
affect inference, decision-making, 

projection ? 

How to achieve a globally representative and 
generalizable biodiversity monitoring for 

scientifically rigorous assessment and projection? 

Challenges 



Global Biodiversity Monitoring, 
Prediction & Reporting 

What/where/when/how to sample representatively? 

Data needs, data gaps 

Role of models to support representative 
indicators,  knowledge products 

Data mobilization, attribution, citation 

Role of (remote) sensing,  citizen science 

Challenges 



Thanks! 
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