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The number of people on 

earth... 

.. has been growing 

rapidly,  

more are expected.... 

....as a species we  

dominate the planet... 

Ellis E C Phil. Trans. R. Soc. A 2011;369:1010-1035 



Why is this a concern? 

1. People are increasingly 

living in dense, 

overcrowded 

conditions......... 

Infant mortality rate MDG is 

not on target 

• Overcrowding:  

• Mental health problems 

• Poor health and diseases 

(e.g. tuberculosis) 

• In urban areas, almost 137 

million people have no 

access to safe drinking water, 

and more than 600 million do 

not have adequate sanitation 



Why is this a concern? 

2. We are reaching environmental limits...... 

Rockström et al 2009 Nature 461, 472-475 WWF Living Planet Report 2006 



Human population numbers  
1950-2100: observed and predicted 

UN Population Division World Population Prospects, the 2010 Revision 



Population change 
1960-2010 

Population 

Gross birth and death rates per 1000 
population from United Nations 
Population Division databank 



The increasing rates of change in human activity since the beginning 
of the Industrial Revolution. 

Steffen W et al. Phil. Trans. R. Soc. A 2011;369:842-867 
©2011 by The Royal Society 



An unequal world 

Consumption and population 

growth rates vary greatly 

across countries according to 

income groups 



Consumption and population: 
Annual rates of change 1970-2005 

Data from World Bank databank 



Pressures on the Earth must increase...  

• People already dominate the Earth and manage it for 
immediate needs, especially food, energy and water.  

• Population numbers are still increasing. 

• Consumption is growing faster than population 
numbers, especially in developing countries where 
poor living standards must improve. 

• Land use change continues and climate change impacts 
are yet to come. 

We are going to need more environmental resources, for 
more people, distributed more equitably, in a changing 
environment. 



IMPACTS ON BIODIVERSITY 

AND ECOSYSTEMS 



What is biodiversity? 

•  The variety of life  
•    at all levels… 

• …. genes, populations, species and 

ecosystems… 

• …. land, water and air. 

• …. and the interactions between living things 

 

 

 

 

From the definition in the Convention on Biological Diversity 



Our knowledge of the world’s species is far from complete. We 
don’t even know how many there are and we’ve described less 

than one tenth 

How many species are there? 



Estimates based on consistent taxonomic patterns 

Mora et al (2011) PLoS Biology 

Accumulation curves for taxonomic levels from Phyla to species 



Mora et al (2011) PLoS Biology 

Analysing this pattern for all kingdoms of life on Earth predicts 8.7 million 

(~1.2 million SE) species globally, of which 2.2 million (~0.18 million SE) 

are marine.  

 

86% of the species on Earth, and 91% in the ocean, still await 

description. 



 

Image courtesy of Global Mountain Biodiversity Assessment 
www.diversitas-international.org/activities/research/global-mountain 

What is happening to it? 





Freshwater fish 

Marine fish  

Mammals 

Birds 

Amphibians 

Reptiles 

Population declines 



Known extinctions since 
1500 

Number of Extinct 

species  

(including Extinct in 

the Wild) 

Number of species 

assessed 

Vertebrates 381 26,604 

Invertebrates 372 6,161 

Plants 115 12,055 

IUCN Red List 2008 

Background levels of extinction are high  
though knowledge is far from complete 

http://www.iucnredlist.org/ 



 
Over 11,000 vertebrates threatened  

with extinction 
- based on IUCN Red List  

 

www.iucnredlist.org 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=VwziSqgK5nD6PM&tbnid=afIuqmIsPVQZIM:&ved=0CAUQjRw&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FIUCN_Red_List&ei=hFobUdyWM4enhAe96IH4Dw&bvm=bv.42261806,d.ZG4&psig=AFQjCNHjC92Lx6AmlRezbWpHBzfMkv2pmg&ust=1360833364682551


Extinction risk for all assessed groups 

Hoffmann et al Science 2010 



The World’s major biomes 

Terrestrial biomes 



Conversion of the biomes 



Aggregated indices of  

 

A. the state of biodiversity based 

on nine indicators of species’ 

population trends, habitat extent 

and condition, and community 

composition;  

 

 

B.   pressures on biodiversity based 

on five indicators of ecological 

footprint, nitrogen deposition, 

numbers of alien species, 

overexploitation, and climatic 

impacts;  

 

 

C.  based on six indicators based 

on six indicators of 

protected area extent and 

biodiversity coverage, policy 

responses to invasive alien 

species, sustainable forest 

management, and 

biodiversity-related aid 

Published by AAAS 

S H M Butchart et al. Science 2010;328:1164-1168 



Changing threats to species 

PAST  PRESENT NEXT 100 years 

Habitat change ++ +++ +++ 

Invasives +++ ++ ? 

Over-
exploitation +++ + ? 

Pollution ++ +++ ++++ 

Climate change - + ++++ 



Comparison of 

recent and 

distant past 

extinction rates 

with rates at 

which species 

are “committed 

to extinction” 

during the 21st 

century. 

H M Pereira et al. Science 2010;330:1496-1501 
Published by AAAS 

Species extinction rates 



 

Image courtesy of Global Mountain Biodiversity Assessment 
www.diversitas-international.org/activities/research/global-mountain 

Why does it matter? 



Three  roles of biodiversity 

Intrinsic/inherent values.  
The value of something independent of its value 
to anyone or anything else 

 
The genetic library of life. 
The source of all evolutionary innovation 
necessary for future adaptive potential and 
diversification 

 
Instrumental and extrinsic values 
For example as natural capital and for ecosystem 
services 



Image courtesy of Global Mountain Biodiversity Assessment 
www.diversitas-international.org/activities/research/global-mountain 

Intrinsic 

values 



2. Loss of the genetic library of life 
(source of innovation, adaptability and 

resilience) 



Soil protection 

Regulation of water 

quality & quantity  

3. Extrinsic values derived from 
ecosystems (ecosystem services) 

Pathogen & pest regulation 

Sense of place and 

identity 

Aesthetic enjoyment 

spiritual values 

Photo Serge Aubert 

Food, fibre, fuel 

Photo Daniel M Cáceres 
Photo Yann Arthus-Bertrand 

Climate regulation  

Protection against 

natural hazards 

Evolutionary benefits  

Photo Daniel M Cáceres 

Photo Michael Donoghue 

Thanks to Sandra Diaz 



• The biodiversity–ecosystem functioning relationship from several hundred 
experiments.  

• The red line shows the average change across all combinations of genes, 
species, or traits (95% ci)  

• Red dots give maximum and minimum values of the most or least productive 
species grown alone in monoculture 

Cardinale et al Nature 2012 



Biodiversity – ecosystem services 
Cardinale et al Nature 2012 



Biodiversity loss is continuing, with 

damaging consequences 

• Biodiversity loss is continuing, often at increasing 
rates. 

• It matters for many reasons: intrinsic and instrumental. 

• Biodiversity plays a critical, if poorly understood, role 
in ecosystem services and functions. 

 

Biodiversity may be more important in future than now, 
because of increasing pressures, multiple demands 
on ecosystems and a changing environment. 

 

 

 



WHAT CAN BE DONE? 



Impacts on biodiversity and ecosystems 

feed
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acks 

Adapted from Loreau 2010 
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Adaptation  

Impacts on biodiversity and ecosystems 

Mitigation 1 

Mitigation 2 

feed
b

acks 

Adapted from Loreau 2010 
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Conservation of species and habitats has 

been successful 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=Ya7ZMBFqGgyy-M&tbnid=USZisbZ_wgtG4M:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.wcs.org%2Fnews-and-features-main%2Fiucn-green-list.aspx&ei=f7phUaClIILH0QWI44CgBw&bvm=bv.44770516,d.ZWU&psig=AFQjCNFkqYTbuZ8qsSdyhUgutd61z5k2fg&ust=1365445539917418


1. Species and habitat conservation 

M Hoffmann et al. Science 2010;330:1503-1509 Published by AAAS 

Trends in the conservation 

status of mammals, birds 

and amphibians are 

deteriorating 

 

 

… but conservation 

actions have made a 

significant difference 



Mitigation 1 

Mitigation 2 

Economic &  
Sociological  

Population & 
Demography 

Technology & 
Innovation 

feed
b

acks 

Adaptation  

feed
b

acks 

Adapted from Loreau 2010 Adaptation  

Energy 

Climate regulation 

Wellbeing & enjoyment  

Freshwater & flood control 

Disease control 

Wildlife conservation 

Food production 

Impacts on biodiversity and ecosystems 

Climate  
change 

Land & sea 
use change 

Pollution &  
additives 

Globalisation 

Land use  

planning 





Crops,livestock,etc 

Fish, etc. 

Water availability 

Trees 

Peat 

Natural enemies 

Detoxification 

Local climate  

Waste breakdown 

Purified water 

Stabilising vegetation   

Meaningful places   

Wild species   

Timber  

Food 

Water quality 

Energy 

Equable climate 

Flood control 

Wildlife 

Pollution control 

Disease control 

Good health 

Recreation 

Ecosystem services Goods & benefits 
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a
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a
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Two Storylines for environmental policy priorities 
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The promotion of ecosystem services 

through the creation of multifunctional 

landscapes for maintaining the quality of life 

in the UK. 

W
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High economic growth with a greater focus 

on removing barriers to trade. 



The economic consequences of two storylines in 2050 
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The promotion of ecosystem services 

through the creation of multifunctional 

landscapes for maintaining the quality of life 

in the UK. 
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High economic growth with a greater focus 

on removing barriers to trade. 



Mitigation 1 

Mitigation 2 

feed
b

acks 

Adaptation  

feed
b

acks 

Adapted from Loreau 2010 Adaptation  

Energy 

Climate regulation 

Wellbeing & enjoyment  

Freshwater & flood control 

Disease control 

Wildlife conservation 

Food production 

Impacts on biodiversity and ecosystems 

Climate  
change 

Land & sea 
use change 

Pollution &  
additives 

Globalisation 

Economic &  
Sociological  

Population & 
Demography 

Technology & 
Innovation 

Addressing  

consumption  

& population 
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Reduce population growth or 

reduce consumption? 
• In a developing country (India) 

and a developed country 
(USA).. 

• using real population 
demography.. 

• assuming each person has a 
consumption of 1 unit per 
year.. 

• What is the effect of reducing 
fertility by 1% per year for 50 
years compared to reducing 
consumption by 1% per year 
for 50 years? 

India 

USA 



Mitigation 1 

Mitigation 2 

Economic &  
Sociological  

Population & 
Demography 

Technology & 
Innovation 

feed
b

acks 

Adaptation  

feed
b

acks 

Adapted from Loreau 2010 Adaptation  

Energy 

Climate regulation 

Wellbeing & enjoyment  

Freshwater & flood control 

Disease control 

Wildlife conservation 

Food production 

Impacts on biodiversity and ecosystems 

Climate  
change 

Land & sea 
use change 

Pollution &  
additives 

Globalisation 

  

Making better  

decisions 



Solutions for a cultivated planet 

1. Stop expanding agricultural land 

2. Increase agricultural efficiency 

3. Close the diet gap, reducing waste and 
choosing the right crops 

4.  Close yield gaps on underperforming 
landscapes 

 

Deployed simultaneously these 
strategies can increase food availability 
by 100-180%. 

At the same time - reducing 
greenhouse gas emissions, biodiversity 
loss, pollution and water use. 

 

Closing the diet gap. 
 

Closing global yield gaps. 

JA Foley et al. Nature 478: 2011 



What are the obstacles? 

There are are many opportunities but most are 
stalled:  

• Gaps in knowledge and information. 
Uncertainty – when do we know enough to 
act? 

• Market failures in current policy mechanisms. 

• Environmental governance at all scales - local, 
regional and global. 


