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Sunlight Harvesting by Glenn Gorick 



Biodiversity Change 

“Changes in biodiversity due to human activities were 
more rapid in the past 50 years than at any time in human 
history, and the drivers of change…show no evidence of 
declining over time.”   
 
Millenium Ecosystem Assessment (2005) 

Edward Burtynsky 



Source: Global Change and the Earth System: A Planet Under Pressure 

Anthropocene & The Great Acceleration 



Includes not only the loss of species, but also the change 
in the number of genotypes, populations, and 
ecosystems, including their structure and function.  



Regional Variation in Population Decline 



Redrawn from Pimm and Raven Nature 2000 
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1. Rates of environmental change are challenging the adaptive 
capacity of life on Earth.  

2. Biodiversity affects ecosystem function, and the stocks and flows of 
ecosystem goods and services upon which we all depend. 

3. Biodiversity change has as strong an impact on the way ecosystems 
function as other forms of environmental change. 

Key Messages  

4. Canada has no long term program for biodiversity science. We are 
entering a time of great change blind to the likely outcomes.  



Rates of environmental change are challenging the 
adaptive capacity of socio-ecological systems.   

 



What fraction of declining populations will adapt? 

Global Population Declines 



What is Evolutionary Rescue? 

Gomulkiewicz & Holt (1995) 
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“Population persistence under environmental change is a race between 
demography and adaptive evolution” (Maynard Smith 1989) 

Probability of ER: 
- Population size 
- Degree of maladaptation 
- Standing genetic variation or 
supply of beneficial mutations 
 

Evolutionary rescue is the recovery of a declining population 
due to local adaptation under increased environmental stress. 

 

time 



Extinction and Evolutionary Rescue with a Robot 

Saccharomyces cervisae (Baker’s 
yeast) as model organism  
(monoclonal, single mating type) 

Thousands of replicate populations 
cultured in high salt and transferred 
by liquid handling system served by 
a SAMI robot.  

Complete gene deletion set 
available (functional gene profiling).  



Predicted U-shaped rescue curve in response to high salt stress  
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Bell and Gonzalez (2011) Science 

Evolutionary Rescue Observed 
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Genetic diversity: 
~2% of the cells 
were tolerant to 
high salt 
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Evolutionary rescue depends on population size  

no salt 

high salt 

 525 individuals: a population with 50% probability of rescue 

Bell and Gonzalez (2009) Eco. Letts; Bell and Gonzalez (2011) Science 

 5000 individuals: a population with a 95% probability of rescue  



Number of Evolutionary Rescue Events (max 60) 
Increases with dispersal and history of salt 

selection 

Dispersal*environment  F = 4.1  P < 0.01 

Bell and Gonzalez (2011) Science 332: 1327 



Conclusions 

Evolution can rescue large declining populations. 
 
 
We have a general theory : the magnitude and rate of 
change, the size of the affected population, and the 
amount of genetic variation available to natural selection.  

Population connectivity (dispersal) and historical exposure 
to environmental change can increase the probability of 
evolutionary rescue.  
(Bell and Gonzalez 2011, Science)  
 
 



EVOLUTION OF A PARADIGM 

BALANCE OF EVIDENCE 

NEW DIRECTIONS 

Biodiversity & Ecosystem Function + 20 Years 



How does biodiversity loss impact ecosystems? 

Grassland  

200 plant species 

 

Tropical forest 

2,000+ plants 

Deciduous forest 

53 tree species 

N. Am. lake 

80 algae 

N. Am. stream 

120 algae 

Open ocean 

500 phytoplankton 



Ecosystem functions 
 

Examples 

 BIOMASS PRODUCTION 

 

 DECOMPOSITION  

 

 NUTRIENT RECYCLING 

Biodiversity 

 
 GENETIC VARIATION 

 

 SPECIES RICHNESS & EVENNESS 

 

 FUNCTIONAL TRAIT VARIATION 

Phase I 



    574  experiments 

    541  types of organisms 

      30  biomes 

        5  continents 

 1,417  estimates of diversity effects 

 

      22   synthesis papers 

      13   formal meta-analyses 

Phase I 
Biodiversity & Ecosystem Functioning 

Tilman et al., Nature 1996 Naeem et al., Nature 1994 Hector et al., Science 1999 



Press embargo broke an hour ago! 

Cardinale et al. (2012) Nature 



There is now unequivocal evidence that biodiversity loss reduces 
the efficiency by which ecological communities capture 
biologically essential resources, produce biomass, decompose 
and recycle biologically essential nutrients.  
 

Cardinale et al, Nature 2012 



Consensus statement 1  

Biodiversity loss reduces the efficiency by which ecological 
communities capture biologically essential resources, produce 
biomass, decompose and recycle biologically essential nutrients.  
 

Immediate 

catastrophe 

Redundancy 

Biodiversity 

ex. species richness (S) of plants 

Ecosystem function 

ex. biomass yield (Y) 



Cardinale et al. 2012) Nature 

Synthesis 



Compensation 

The greater the biodiversity (genetic, population and species) 
the greater the range of perturbations an ecosystem is able to 
counter (an insurance hypothesis). 

Consensus statement 2 

From: Gonzalez and Loreau (2009) 



Stability in the North Sea skate 
fishery yield Decreasing 

abundance 

Increasing 
abundance 

From Dulvy et al. (2000) 27 

Stability from Species Compensations Through Time 



The Bristol bay (Alaska) Sockeye Salmon 
Fishery  

From: Hilborn et al. (2003) 

28 

Regional Fishery Stability by Population Compensation 



Is Biodiversity Loss Significant? 

Are the impacts of biodiversity loss sufficiently large to rival the 
impacts of many other global drivers of environmental change?  
 

Environmental 
change 

Ecosystem 
Function 

Biodiversity 
change 



Biodiversity Loss Rivals Major Forms of Env. Change 

After Hooper et al. (2012) Nature 



Ecosystem functions 
 

Examples 

 BIOMASS PRODUCTION 

 

 DECOMPOSITION  

 

 NUTRIENT RECYCLING 

Biodiversity 

 
 GENETIC VARIATION 

 

 SPECIES RICHNESS & EVENNESS 

 

 FUNCTIONAL TRAIT VARIATION 

Phase I 

Regulating services 
 

 

Examples 

 CLIMATE REGULATION 

 

 PEST/DISEASE CONTROL 

 

 WATER PURIFICATION 

Provisioning services 
 

Examples  

 CROP & FISHERIES YIELD 

 

 WOOD OR BIOFUEL 

 

 FRESHWATER SUPPLY 

Phase II 

Linking Biodiversity to 
Ecosystem Services 



Canadian Boreal Forest ES = $93 billion/year 
 

Agriculture, forestry, fisheries: $28 billion/yr 

Anielski and Wilson (2005) 

Ecosystem Services 

Invasive species cause ~$4.5 billion/yr to the agricultural 
sector alone.  



The Causal Chain: What is the Evidence? 

Biodiversity manipulated Ecosystem function Ecosystem service 

Plant 

richness 

Aboveground 

biomass production 

Annual fodder 

production 



Does biodiversity matter for ecosystem services? 

400 papers, 36 diversity-service relationships 

39% 

insufficient 

data 

 

39% supported 

 

20% not 

supported 



Scientific Community 

Conference of the 

Parties 

SBSTTA 
(CBD) 

Convention on Biological 

Diversity 

IPBES: Linking Biodiversity to Ecosystem Services 

Research 

Assessment 

Advice 

Decision 

Intergovernmental 

Platform on Biodiversity 

and Ecosystem Services 

After Loreau (2010) 



Human 
Behaviour 

Biodiversity 
Change 

Ecosystem 
function 

Ecosystem Services 

Environmental Change 

Human 
Outcomes 

Biodiversity 
Science 



Phase III: Are we ready? 
 
Challenge 1 Prioritizing risks 
 
Challenge 2 Management options 
 
Challenge 3 Improved forecasting 



Ecological Network for Montreal:  
Green infrastructure for biodiversity and 

ecosystem services 





“Long-term, standardized, spatially complete, and readily 

accessible monitoring information, complemented by 

ecosystem research, provides the most useful findings for 

policy-relevant assessments of status and trends.  

 

The lack of this type of information in many areas has 

hindered development of this assessment.” 

Canadian Ecosystem status and trends 2010 

Canada has no national program of long-term 
ecological research  



Canadian Biodiversity Network 

Partner the distinct Biodiversity Networks:  
Museums/collections, Research Centers and Field Stations. 

Vision: to provide essential policy relevant knowledge of 
Canada’s changing biodiversity and ecosysem services.  



1. Rates of environmental change are challenging the adaptive 
capacity of life on Earth. Evolution can rapid enough to slow or prevent 
extinction? 

3. Biodiversity mediates ecosystem function. We have only a partial 
picture of how biodiversity mediates stocks and flows of ecosystem 
goods and services upon which we all depend. 

2. Biodiversity change has as strong an impact on the way ecosystems 
function as other forms of environmental change. 

Key Messages  

4. Canada desperately needs a long term biodiversity program for 
forecasting, risk assessment and sustainability . 



Graham Bell 
NCEAS working group 
QCBS team 
E. Bennett, J. Cardille, M. Lechowicz, J. Rhemtulla 



Thank you 



 



Biodiversity Change: Costs 

Invasive species cause ~$4.5 billion/yr to the agricultural 
sector alone.  

The collapse of the Newfoundland and Labrador cod fishery 
caused the loss of 35,000 jobs as well as $200 million annual 
revenue  



Loreau, Mouquet & Gonzalez (2003, 2011) PNAS;  

Gonzalez et al. (2010) in Biodiversity, Ecosystem Functioning and Human Wellbeing (eds. Naeem et al.) 
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“Living matter gives the biosphere an extraordinary character, unique 

in the universe… Activated by radiation, the matter of the biosphere 

collects and redistributes solar energy, and converts it ultimately into 

free energy capable of doing work on Earth…”  
           Vladimir Vernadsky, Biosfera, 1926 



Challenge 2: Ecological networks 

Corridors have multiple uses: 
Urban 
Riparian 
Continental (migration) 

Corridor urbain 

Corridor riverain 



Network 

area 

Fragment 

quality 

Habitat 

permeability 

Fragment 

density 

4 Principles for Network Design 



Evolutionary Rescue in a Metapopulation   

time 
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Main Questions: 
 

1. What are the spatio-temporal patterns of 
adaptation under environmental change. 
 

2. Does migration foster adaptation? 
 

3. Can evolutionary rescue occur across a 
metapopulation to allow recovery and 
persistence? 
 

3 2 



Map of poverty and potential biodiversity loss (number of 
threatened species of mammals, birds, and amphibians per one-
degree grid square).  
From:  Sachs et al. (2009) Science. 

 Poverty and Biodiversity Loss 



Human Appropriation of Net Primary Production 

Imhoff et al. 2004 Nature 


