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Outline

Trends in population and consumption
* Impacts on biodiversity and ecosytems
Why does it matter?
* What can be done?




The number of people on
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Why IS this a concern?
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2 1. People are mcreasmgly

21 llving In dense,
Py overcrowded

: ;; o Overcrowding:

2] * Mental health problems

& * Poor health and diseases

i (e.g. tuberculosis)

L& « |n urban areas, almost 137

¥* million people have no
access to safe drinking water,
and more than 600 million do

== The growth of slums
More than one in every seven human beings now lives
in an urban slum

;-! (slum population, billions)

§ta] 150

: World
1.25 :
100 / g not have adequate sanltatlon
0.75 E Sun-Sans;r:an P\ 5 - e : G N
o e S . ' | et
B e e ] | infant mortallty rate MDG is
19IE'CI 9.5 IEDG 1 CIIE | 1ID 1I5 20

= not on target

Source: UN-HABITAT, Global Urban Observatory database {2005).
Mote: Figures for 1995 are interpolated using estimates for 1990 and 2001. Figures for
. 2005 are projections; Australia, New Zealand, and Japan are included in the more

developed regions.




S this a concern?

& ‘:"';. Climate Change
Fig. 2- HUMANITY'S ECOLOGICAL FOOTPRINT, 1961-2003 ¢ =
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Human population numbers
1950-2100: observed and predicted

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

©2011 by The Royal Society
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Consumption and population:
Annual rates of change 1970-2005
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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



The variety of life
at all levels...

.... genes, populations, species and
ecosystems...

.... land, water and air.

.... and the interactions between living things




How many species are there?

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

Number of species (in thousand)
0 1000 2000 3 000 4 000 5000 6 000 7 000 8 000

i a
| Fungi Insects and myriapods

Chelicerata P

Protoctista ©

Nematodes d
Plants

e
Molluscs B Named species __| Unnamed species (estimate)

Crustaceans f

Vertebrates

a Myriapods: centipedes and millipedes

b Arachnids

€ Algae, slime mold, amoeboids, and other single-celled organisms (excluding bacteria)

d Roundworms

€ Snails, clams, squids, octopuses and kin

f Barnacles, copepods, crabs, lobsters, shrimps, krill and kin Source: Millennium Ecosystem Assessment



Estimates based on consistent taxonomic patterns
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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.

Table 2. Currently catalogued and predicted total number of species on Earth and in the ocean.

Species Earth Ocean

Catalogued Predicted +SE Catalogued Predicted +SE
Eukaryotes
Animalia 853,434 7,770,000 558,000 171,082 2,150,000 145,000
Chromista 13,033 27,500 30,500 4,859 7,400 9,640
Fungi 43,271 611,000 297,000 1,097 5,320 11,100
Plantae 215,644 298,000 8,200 8,600 16,600 8,130
Protozoa 8118 36,400 6,690 8,118 36,400 6,690
Total 1,233,500 8,740,000 1,300,000 193,756 2,210,000 182,000
Prokaryotes
Archaea 502 455 160 1 1 0
Bactera 10,358 9,680 3470 652 1,320 436
Total 10,860 10,100 3,630 653 1,320 436
Grand Total 1,244,360 8,750,000 1,300,000 194,409 2,210,000 182,000

Mora et al (2011) PLoS Biology
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Evolution Lost

Status and Trends of the World’s Vertebrates

Jonathan E. M. Baillie, Janine Griffiths, Samuel T. Tarvey, Jonathan Loh and Ben Collen
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Known extinctions since

1500

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

Number of Extinct Number of species
species assessed
(including Extinct in
the Wild)
Vertebrates 381 26,604
Invertebrates 372 6,161
Plants 115 12,055

http://www.iucnredlist.org/

IUCN Red List 2008



Over 11,000 vertebrates threatened
with extinction
- based on IUCN Red List

www.iucnredlist.org
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Terrestrial biomes

B Tropical and sub-tropical moist broadleaf forests
) Tropical and sub-tropical dry breadleaf forests
I Tropical and sub-tropical conifercus forests

B Temperate broadleaf and mixed forests

B Temperate coniferous forests

B Boreal forests / Taiga

[ Tundra

[] Mediterranean forests. woodlands, and scrub

[T Tropical and sub-tropical grassiands, savannas, and shrublands
B Temperate grasslands. savannas, and shrublands

I Montane grasslands and shrublands

B Flooded grassiands and savannas

Bl Mangroves

|| Desents and Xeric shrublands Realm boundaries

| | Rock and ce Source: Millennium Ecosystem Assessment



Conversion of the biomes

Fraction of potential area converted
10 20 30 40 50 60 70 80 90 100 %
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Conversion of original biomes
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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
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Changing threats to species

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.

Published by AAAS

Species extinction rates

Climate change

Extinctions

E/MSY B Land-use change per century
0,
Bl Combined drivers (%)
100,000 - - 99.99
10,000 - L 63
1000 4 - Plants & Lizards [ 10
animals (64)
(7)
Plants
100 4 (38) Ll
— - Birds
Mammals, birds, (79)

& amphibians

. L 0.1

8 (17) i'jgt)s Birds 3
(6)
1 L 0.01
0.1 /Mammals | 0.001
(17)
0.01 0.0001
—l il
Fossil 20th 21st century

record century

H M Pereira et al. Science 2010;330:1496-1501
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Intrmsm/mherent 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
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2. Loss of the genetic library of life
(source of innovation, adaptability and
resilience)

Taxaceae (1) O
Alismatales (2) Ol
Dioscorales (1)@
Liliales (2) B
Asparagales (16) ECICE
Aracales (1) @
Zingiberales (1)l
Poales (2) B
=== Magnoliales (<) ECIN
1 Laurales (1)l
Ranunculales (2) @
Proteales (7) OC#
Caryophyllales (11) @
Santalales (3)CJH
Saxifragales (3)l
Geraniales (1) H
Brassicales (5) Ol
= Malvales (15) EEC
_: Sapindales (2) DE
Oxalidales (1)
Malpighiales (6) cym
Fabales (18) BECE
Rosales (7)mm
Cucurbitales (3) Ol
Fagales (3)
Zygophyllales (1) @
Crossomatales (1)@
Myrtales (3) C1H

— Ericales (18BN

Spp per 10,000Km* Pollen Limitation |
<1500 W <025
15002000 O 02505
20002500 00 05-1.0
2500-3000 1020
>3000 MW >20

Gentianales (6) HCIE
Lamiales (10) M
b Solanales (3) IOM
Dipsacales (1)@
T s Asterales (s)0O0H




3. Extrinsic values derived from
ecosystems (ecosystem serwces)

Photo Daniel M Caceres

m \ N ik '* fh L\\}hu\' \ Photo §erge Aubert
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A

* 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

Ecosystem

function
(resource capture,
biomass production,

decomposition, nutrient
recycling)

Biological diversity

Cardinale et al Nature 2012 (variation in genes, species,
functional traits, habitats)



Biodiversity — ecosystem services

Cardinale et al Nature 2012

Table 1. Balance of evidence linking biodiversity to ecosystem services.

Relationship
Act

Pred

] Study
Category Ecosystem service S.P.U.|D.L.| Source N
type
G DS Exp
o |Crops Crop yield Pl
g S DS Exp
o
w |Fisheries Stability of fishery yield Fi 5 PS5 Obs
-
nE_ Wood Wood production Pl 5 DS Exp
Fodder Fodder yield Pl 5 DS Exp
Ds® Obs
Control of herbivorous pests DSt Exp
(hoffom-up effect of plant Pl S .
diversity) DS Exp
Ds* Exp
Biocontrol Control of herbivorous pests ST DS® Obs
(top-down effect of natural enemy |ME s DsP Exp/Obs
o diversity) Ds® Exp
—
= Resistance to plant invasion Pl 5 DS Exp
=]
> Disease prevalence (on plants) Pl S DS Exp
o
Primary production Pl s Ds Exp
Climate Carbon sequestration Pl 5 DS Exp
Carbon storage Pl ST Ps Obs
Soil nutrient remineralization DS Exp
Soall . - Pl S
Soil organic matter Ds Exp
Water Freshwater punfication M G/S Ps Exp
Pollination |Pollination In 5 PSs Obs




Biodiversity loss is continuing, with
damaging consequences

« Biodiversity loss Is continuing, often at increasing
rates.

|t 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?
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Conservation of species and habitats has
been successful
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Trends in the conservation
status of mammals, birds
and amphibians are
deteriorating

Mammals

\ ... but conservation

actions have made a
significant difference

Amphibians
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Two Storylines for environmental policy priorities

The promotion of ecosystem services
through the creation of multifunctional
landscapes for maintaining the quality of life
In the UK.

Nature@
Work

High economic growth with a greater focus
on removing barriers to trade.

World
Markets

UK National Ecosystem Assessment



The economic consequences of two storylines in 2030

Nature@
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Nature
at Work
(NW-H)
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Change in GHG emission
values (£/ha/yr)
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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?

Consumption X Population

Consumption X Population

USA
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Ad aptation Adapted from Loreau 2010




Solutions for a cultivated planet

1. Stop expanding agricultural land Closmgthe d/et gap.
2. Increase agricultural efficiency - ’ X

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

4. Close yield gaps on underperforming
landscapes

Potential diet gap calories
(x108 kcal per hectare)

{ H I H i L
0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

Deployed simultaneously these Closing globa/ y/e/d gaps.
strategies can increase food availability
by 100-180%.

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

New calories from closing yield gaps for staple crops
(x10° kcal per hectare)

JA Foley et al. Nature 478: 2011 I



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 mechanismes.

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



