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Biodiversity and why Is it important?

Biodiversity is the variety of life and the interactions between living things at all levels on
land, in water and in the sea and air — genes, populations, species and ecosystems.

Biodiversity provide us with services essential for human $44 trillion of economic value generation — over half
well-being such as food and feed, medicines, energy and the world’s total GDP — is moderately or highly

fibres |I.E / § ii \’ dependent on nature and its services

“Biodiversity is critical for safeguarding global food security, underpinning healthy and nutritious
diets, improving rural livelihoods and enhancing the resilience of people and communities.” FAO’s
Director-General José Graziano da Silva.

Climate change is somewhat reversible but once we lose species
and genetic diversity within those species, we cannot get it back.



Maintaining biodiversity feeds back into
agricultural production

Only 30 crops provide an estimated 90% of the world population’s dietary energy
requirements, with wheat, rice and maize alone providing about half the dietary energy

consumed globally.

Less than 14 species of mammals and birds account for 90% of livestock production.

Genetic diversity




~ WILDLIFE POPULATIONS
PLUMMET BY 69%

LIVING PLANET REPORT 2022

-“T

The Living Planet Report 2022 is WWF's most comprehensive study

to date of trends in global biodiversity and the health of our planet.

The latest flagship publication reveals global wildlife populations
have plummeted by 69% on average since 1970. The staggering
rate of decline is a severe warning that the rich biodiversity that
sustains all life on our plaﬂet is in crisis, putting every species at
: risk - including us.
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Biodiversity trends

Past, Present and Future Projections of Extinction Rate

Extinctions per thousand species per millennium
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Projected future
extinction rate is

more than ten times
higher than current rate

Current extinction rate
is up to one thousand
times higher than the
fossil record

Long-term average
extinction rate

MEA (2005) : Current extinction rates are 100-1000
times higher than the typical background rate.

If current trends continue this will rise to 10000
times by the end of the century.

CBD: ‘Agricultural land-use conversion is expected
to remain the largest driver of biodiversity loss to
2050'.

Agricultural expansion leading cause of tropical
deforestation.
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ldeas for preventing further biodiversity loss

Land Sharing: A situation Land Sparing: Where ‘high-yielding
where ‘low-yield farming Vs agriculture is practiced, requiring a smaller
enables biodiversity to be area of land to attain the same yields and

maintained within the therefore leaving greater areas of natural
agricultural landscape’. habitat untouched.’

Increasingly the scientific research indicates for
biodiversity land sparing is the best approach.



Area based conservation for biodiversity
p rOt e Ct i O n coe Post-2020 Global Biodiversity GLOBAL BIODIVERSITY FRAMEWORK

Framework
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International Union for Conservation of Nature
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Desp tI:: dn Increase in policies and acuons 1o .‘E Upport JULY 2022
OO IT ndicators show that the drivers of
biodiversity loss have worsened and I}l:::{lwersny POST-2020 GLOBAL BIODIVERSITY FRAMEWORK
fu rthE‘r dEC“”Ed bEt‘l’n’EEH 2{:'.11 ﬂn[’ 2020. At the + |n December 2022, Parties to the UN Convention on Biological Diversity will meet to determine the
global level none of the 20 Aichi Biodiversity [.1:.151-£J2I'.‘-gu.b I biodivers ity framework
Targets agreed by Parties to the CBD in 2010 have * Despite commitr 1 2010 the past decad
i « An ambitious new bioc / e\ stainable Den ment
been fully achievead. Goals, and of liv jing in "harn
+ The 1ework must aim to halt bio d achieve recovery by 2050, which
equires additional investment in nature equivalent to between 0.7 and 1% of annus I global GDP
+« Targets in the framework should be measurable, underpinned by science, and have explicit

Area based targets are part of discussions: “Ensure that at least
30 per cent globally of land areas and of sea areas, especially areas of particular
importance for biodiversity and its contributions to people, are conserved ..."
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Area based conservation is contentious...

%@ | HIGH AMBITION COALITION
HALF- Q ——= FOR NATURE AND PEOPLE =
EARTH

Our Planet’s The High Ambition Coalition (HAC) for Nature and People is an
Fight for Life intergovernment: al group of 70 countries co-chaired b\ Costa Rica and
France and by the Lmtcd Kingdom as Ocean co-chair, championing a

EDWARD O.
WILSON

global deal for nature and pmpl( with the central goal of protecting at
least 30 percent of world’s land and ocean by 2030. The 30x30 target is a
30F ) 3 30X3 fad

g]obal target which aims to halt the :lccclcrnring loss of‘spccies, and

protect vital ecosystems that are the source of our economic security.
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A “Global Safety Net” to reverse biodiversity loss and
stabilize Earth’s climate
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Half-Earth or Whole Earth? Radical ideas for
conservation, and their implications

Published online by Cambridge University Press: 05 December 2016
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WHAT'S WRONG WITH THE GLOBAL

SAFETY NET APPROACH TO
CONSERVATION?

Prof Duffy contributes to letter in Science

DrA 1 (CMI, Norway) gathered a group of scholars, mcmdmg Professor Rosaleen Duffy,

together to re:pond to Dinerstein, E. et al A

Brief Communication | Published: 18 November 2019

Protecting half of the planet could directly affect over
one billion people

Judith Schleicher B9 Julie G. Zaehringer, Constance Fastré, Bhaskar Vira, Piero Visconti & Chris Sandbrook

Nature Sustainability 2, 1094-1096 (2019) | Cite this article
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Edinburgh University: Global land use and food system modelling
‘LandSyMM’

Climate &
weather
Crop
Land cover and intensity change GHG emissions model Agricultural Biodiversity protection, radical
in regions of high biodiversity in IT yield potential ‘Half Earth’
the future
Human health and nourishment
) Henry RC et al (2021) Global and regional health and food
<. Land use security under strict conservation scenarios. Nature Sustainability
& ,‘ ! 5 (4), 303-310
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A World _ -
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Henry RC et al (2019) The role of global dietary transitions in
biodiversity loss. Global Environmental Change, 58, 101956.
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Quantify impact of strict conservation L —
. -

scenarios on human health and food == . ==
security

Reference
No protected areas
expansion. Agriculture
permitted in existing
protected areas but not
allowed to expand

30% protection
Between 2020-2040
protected areas expand
such that 30% of terrestrial
surface is strictly protected

World
Sub-Saharan Africa

Fewer deaths Additional deaths

(per million people)

| Fruit consumption . | Red meat consumption I | Overweight fraction L]

. | Vegetable consumption .1 Underweight fraction | Obese fraction

50% protection
Between 2020-2040
protected areas expand
such that 50% of terrestrial
surface is strictly protected

Henry RC et al (2021) Global and regional health and food security under strict conservation scenarios. Nature Sustainability 5 (4), 303-310



Protected areas

prioritisation maps for
30% and 50%
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Where are the priority areas?

{a) 50% protection {b} 30% protection
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-150  -100  -50 0 50 100 150 150  -100  -50 0 50 100 150

Distribution data on birds, mammals, amphibians and reptiles was used
to calculate the optimal conservation areas to protect as many species
from extinction as possible.

Bias towards the tropics —regions that harbour high levels of
biodiversity.



2020-2040 protected
areas gradually
implemented,

agriculture excluded

Protected areas

Supply of food

prioritisation maps for - e ies sehus:

30% and 50%

{a) 50% protection (b) 30% protection
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Land use and commodity production

Each country optimises land - Land cover
- Previous land cover use required to meet demand | - Land use and
- Protected areas at minimal cost intensity

- Water availability - Total crops produced
- Technology change and source of animal
Costs of agricultural Land use & feed
Inputs and land change Commodity - International imports

production and exports
: - Cost of production
- Potential crop and

pasture yields for range of
intensities (e.g. N/water)

% -, //:;’ 360
LY X : ‘da\“
Climate emulator Weather/Climate Vegetation model _ -
Spring wheat, East Anglia, UK

(52°N, 0.5°E)




A
o

\
\
/ suppLy \

/
/
/

2020-2040 protected
areas gradually Supply of food
implemented, commodities adjust
agriculture excluded

Protected areas

prioritisation maps for -
30% and 50%

(a) 50% protection (b) 30% protection
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Changes in
consumption




Trade, prices and consumption

- Import/export trade - International market
barriers prices for each

- Transport costs commodity

- Market volatility Global - Stock levels

Non-equilibrium markets
« Prices annually adjusted based on rate of imbalance in aggregate import/exports

« Over/under supply covered by stock variations

- What people are

- Prices per food eating
c_omr_nodlty - How much of each
- Likelihood of commodity is eaten
substituting between Country - Calories consumed
commodities

-  GDP per country
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2020-2040 protected
areas gradually Supply of food

implemented, commodities adjust
agriculture excluded

Protected areas

prioritisation maps for -
30% and 50%

(a) 50% protection (b) 30% protection
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| | o causes consumption
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consumption
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Underweight 0.68 1.03 111

Normal weight
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Changes in mortality from weight and diet

Relationships drawn from scientific (mostly medical) literature between consumption of
particular food groups and risk of developing diseases.

Dietary factors
Increasing red meat in diets linked to:
T Risk of stroke

T Risk of Type-Il diabetes
T Risk of bowel cancer

Increasing fruit and vegetable intake linked to:

| Risk of coronary heart disease
| Risk of Stroke
| Risk of cancer

Weight factors

Increasing obesity linked to:

Risk of stroke

Risk of Type-II diabetes

Risk of cancer

Risk of coronary heart disease
Other causes of morbidity

e e

Increasing malnourishment linked to:

| Risk of Stroke
| Risk of cancer
| Other non specific causes of morbidity
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2020-2040 protected
areas gradually Supply of food

implemented, commodities adjust
agriculture excluded

Protected areas

prioritisation maps for -
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Agricultural land displaced to
higher latitudes

Reference

Agricultural change fraction
between 2060-2019

- =]
-10 -05 0.0 0.5 1.0

~

Food price
index

Increased food prices in protection scenarios
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Henry RC et al (2021) Global and regional health and food security under strict conservation scenarios. Nature Sustainability 5 (4), 303-310
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World
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Henry RC et al (2021) Global and regional health and food security under strict conservation scenarios. Nature Sustainability 5 (4), 303-310



Strict protected area expansion
increases global mortality by 4%

Lower RM consumption benefits
outweighed by reduced FV
consumption

Moving from 30% -> 50% protection
triples underweight related mortality

World

Sub-Saharan Africa

South Asia

North America

Middle East & North Africa
Latin America & Caribbean
Europe & Central Asia
East Asia & Pacific

World
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Fruit consumption
Vegetable consumption
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C—

-
-
-

200 100 0 100 200

50% protection
C—
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Fewer deaths Additional deaths
{per million people)

ed meat consumption .L Overweight fraction ® Total
nderweight fraction .i Obese fraction

Henry RC et al (2021) Global and regional health and food security under strict conservation scenarios. Nature Sustainability 5 (4), 303-310



South Asia and Sub-Saharan Africa
have the largest additional
underweight-related deaths

83% of all global additional
underweight related deaths in these
regions

Warld
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South Asia
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East Asia & Pacific

World
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Fewer deaths Additional deaths
{per million peaple)
} Fruit consumption .i Red meat consumption .L Overweight fraction ® Total

. | Vegetable consumption .T Undenweight fraction .L Obese fraction

Henry RC et al (2021) Global and regional health and food security under strict conservation scenarios. Nature Sustainability 5 (4), 303-310



Food insecurity and meat consumption in
the developing world

According to FAO estimates, in 2017, Prvaence ofunderouishrmen

2005 2010 2012 2014 2016 2017

around 10 percent of the world population poss

was exposed to severe food insecurity. T m—
Sub-Saharan Africa 24.3 21.7 21.0 207 22.3 23.2

Eastern Africa 34.3 31.3 30.9 30.2 31.6 31.4

Africa remains the continent with the .
highest levels of undernourishment. e A 22 lod ol 07 e 1)
Central Asia 11.1 7.3 6.2 59 6.0 6.2

South-eastern Asia 18.1 12.3 10.6 97 99 9.8

The majority of sub-Saharan countries and Souben A e 7z 1 el 11l
most of Southeast Asia which have had a S
consistent pattern of low animal product e i ond Norhen Alico 8071 B3 93 ey o
Consump“c)n rates (< 10%) Cc:'ribbecm‘ 23.3 19.8 19.3 18.5 171 16.5
Latin America 8.1 59 5.4 53 53 54

Central America 8.4 7.2 7.2 6.8 6.3 6.2

1) South America 7.9 53 4.7 47 4.9 5.0

Milk, meat, and eggs, “animal-source foods oceanis
are Some Of the beSt Sources Of high quality NORTHERN AMERICA AND EUROPE <2.5 <25 <25 <25 <25 <25
protein and micronutrients.



South Asia and Sub-Saharan Africa
have the largest additional
underweight-related deaths

83% of all global additional
underweight related deaths in these
regions

N. America and Europe have the
lowest additional underweight-
related deaths
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{per million peaple)
} Fruit consumption .i Red meat consumption .L Overweight fraction ® Total

. | Vegetable consumption .T Undenweight fraction .L Obese fraction

Henry RC et al (2021) Global and regional health and food security under strict conservation scenarios. Nature Sustainability 5 (4), 303-310



Strict protected areas could adversely affect
human health and food security...

Protected area implementation is a tricky issue, how to protect biodiversity without negative
human consequences, particularly for already food insecure developing regions

A lot of ruminating about potential negative consequences of too strict protection, this was
one of few studies to try to quantify it

* Assumptions are extreme, agricultural exclusion, future work could relax assumptions and
test PA that are proposed by post 2020 blodlver5|ty framework

Didn’t include positive health effects of biodiversity

Didn’t consider economic or physical displacement effects, Could have further repercuss,ons

Henry RC et al (2021) Global and regional health and food security under strict conservation scenarios. Nature Sustainability 5 (4), 303-310



Brief Communication | Published: 14 August 2018

Ot h er stu d €S ? The challenge of feeding the world while conserving
half the planet

Zia Mehrabi , Erle C. Ellis & Navin Ramankutty

50% of terrestrial surface is shared

50% of terrestrial surface is nature
landscape — crop and conservation

only landscapes — agriculture

displaced production can coexist
Fig. 2: Maps of calorie losses under each Half-Earth scenario. Tokal crop
I
Nature-only landscapes Shared landscapes Io:: ?kr::ea')
_ o 10°
s @k 2 R | - s _
(;&_“e . ) & R ‘
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'Y - ' '.;".;;‘ X ¥ / % “f( - - 10
4 ; ‘ 107
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“the trade-offs between agriculture and Half-Earth will be much
lower if landscapes are allowed to remain as mosaics of shared
land uses”



All this is not to
say we should
avoid
conservation!

Rather, we need
to find a balance.



We need both biodiversity and agriculture,
but how do we find the balance?

Consumer change — addressing meat consumption?

450

400

350

300

250

200

m?2 per kg product

150

100

50

0

Protein
type

Min

Max

Beef production requires most
land.
Beef production requires 6 times
more reactive nitrogen to produce
than dairy, poultry, pork, and
eggs.
— | N— . _—
Beef, | Beef, | Beef, | Pork | Poultry | Pulses vPIant-based
extensive intermediate intensive meat
substitute
286 33 15 8 5 3 2
420 158 29 15 8 8 3

U.S. Beef Production Held Steady since 1970, as Chicken Production
Increased by 5 Times

20

1.5 Meatand Poultry Availability, Billion Pounds per Year

Poutry Pok N Beef

Source: USDA (2017).

Mote: The beef categary includes small amounts of lamb, mutton and weal, WORLD RESOURCES INSTITUTE



Intensification and closing yield gaps

Reducing the difference between the forecasted yield and the attainable yield.

Ninety-six countries, especially in Africa, but also in South America, have actual yields that are less than half
of those that could be attained if yield-enhancing methods and technologies were adopted

Meat yields (measured as the amount of meat produced per animal) remain much lower in developing
countries than in the advanced livestock sectors of North America and Europe.

In sub-Saharan African closing yield gaps by 80% would decrease the demand for further cropland in sub-
Saharan Africa by 55%.

Scenario
M Yields

|
|

: ; Sub-Saharan |
Sub-Saharan Africa
Africa !

| |
| | |
g 055 : 0 05 1
X R ion i ' h BA
Reduction in projected threat compared to BAU sduction:In progetec Biat compared i BAY



Closing vield gaps without negative
consequences: a role for crop-livestock systems

Agricultural systems in developed world and emerging economies associated with increasing
levels of specialisation i.e. uniform intensive crop production systems and highly concentrated
livestock production.

However integrated crop-livestock systems are major contributors to global food production,
most of the world’s 430 million low-income livestock keepers are found in mixed systems. The
most economically important livestock systems in Asia, Latin America and North Africa are
mixed systems.

In low income countries there is a growing trend towards mixed farming particularly in Sub
Saharan Africa as population levels rise.



Crop-livestock systems more
environmentally friendly

CIRCULAR

Total mitrogen in livestock manure is higher than nitrogen from synthetic fertilizers

Residues By-products

Crop residues and by-products account for 25% of livestock feed intake

Source: FAQ, 20180.



Crop-livestock systems could help to close

yl e I d ga pS In the Brazilian subtropics, grain yields from crops cultivated in
w0 ) succession or rotation with pastures were higher compared to
- i ‘a? the non-grazed control crops, demonstrating that grazing affects
._ém s &% g " subsequent grain yields in a positive manner.
: 3
> 4o /5<‘: o o .
- b g Ny In India, improved dual-purpose varieties of sorghum and millet
o] % = have allowed smallholders to increase the milk production of
- s buffalos and cows by up to 50% without reducing the grain
Gran vica (g output from their crops.
15.000 2.3
(®) 2%
~ 13.000 4 ‘ e
g 8 Model for
N w developed
. e ) countries too
5000 4 ®: 2 ngrazed Control

5,000 7.000 9,000 11.000 13.000 15.000
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A guestion for
us all...

In the UK how
do we strike the
balance?

Thanks!

Roslyn.henryl@abdn.ac.uk




