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Titi monkey
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What is Biodiversity?

“Biodiversity is the variability among living
organisms and the ecological
complexes of which they are part.”

Millennium Ecosystem Assessment
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Terrestrial-vertebrate species diversity

>900 species
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How many species?

Brassica oleracea
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What We Can Learn From
the Near-Death of the




Resistance to disease depends on genetic diversity:
The Irish Potato Famine of the 1840s
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85% of the world's
largest companies

have a significant _
dependency on Servioee
“nature” |
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ECONOMY

PRODUCED

CAPITAL

$58 trillion (55% of global

Provisioning, requlating and maintenance, G D P) mOderater or
and cultural ecosystem services and goods h |g h Iy rel iant on natu re”
P N P - (PwC 2023)

Productivity

ECOSYSTEMS
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Non-lving chemical and physical
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Populations Function Structure
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Biodiversity Natural Capital Abiotic
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Climate Change Impacts on the Food System

Impacts on Agriculture
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DRIVERS OF TREE COVER LOSS BY REGION, 2001-2021
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Coal Mining
7%

Manure
Management
9% |

Landfills
17%

2019 U.S. Methane Emissions, By Source

Natural Gas
and
Petroleum
Systems
30%

Enteric
Fermentation
27%
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Intestine
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Nutrient cycling

Pollination

The insect apocalypse, and why it matters

Dave Goulson

Current Biology 29, R342-R995, October 7, 2019
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Plum dung beetle
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US honeybee deaths hit record
high as scientists scramble to
ﬁnd main Cause ())(l'l,\/\(l‘ Milman in New

US Department of Agriculture calls in
university to help study decline as Trump
administration staff cuts sting Gihesa
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Ecological interactions underpinning
human nutrient-intake in Nepal

Pollinators
Nutrient

Crops not dependent ‘
S— | \
I Bombus %) DOWRONS \ Vitamin C

[:] Bombus tunicatus

Apis cerana
Wild
plants Andrena spp. 01 Jumli bean

Apis laboriosa

I Persicaria nepalensis

Mustard
[ Tagetes erecta

I Rosa sericea

| Cotoneaster microphyiius Animal products
 — Eristalis tenax

Fortified food

Imported soybean

Wild-plant use by pollinators Crop pollen transport

Timberlake et al. 2026. Pollinators support the nutrition and income of vulnerable communities. Nature
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BOOZE | JUNE 30, 2021 2:13 PM

Why It’s Important That Your Tequila Be
Labeled “Bat Friendly”

Your agave depends on it, according to ecologist Rodrigo “Bat Man” Medellin

BAT

FRIENDLY
- o
§i = y \
- ) ™ Universidad Nacional
I. Auténoma de México

'''''
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Ecologist Rodrigo Medellin says saving bats and saving agave go hand in hand
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Kathy Adams Clark
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To pollinate half an acre
20 humans, 10 hours
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inorganic + organ

Soil
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Organic
Matter

Waste, residue and
metabolites from
plants, animals and

microbes.

First trophic
level:
Photosynthesizers

j)’ Nematodes

Bacteria

Second
trophic level:

J

~h Y A e ~
/7"}1
/‘4\"',', Arthropods

D PN

" Nematodes
Fungal- and

bacterial-feeders

" Protozoa

Amoebae, flagellates

and ciliates

Third trophic
level:

Shredders
Predators

Grazers

Nematodes

Predators

Fourth trophic
level:
Higher leve

predators

Animals

Fifth and
higher trophic
levels:

Higher leve

Relationships between soil food web, plants, organic matter, and birds and mammals

Image courtesy of USDA Natural Resources Conservation Service
http://soils.usda.gov/sqi/soil_quality/soil_biology/soil_food web.htmi.
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Soil carbon sequestration: requires biodiversity!
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Mycorrhizal fungi
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'The Invisible Force Keeping Carbon
in The Ground

In climate-addled places, mats of mycelium may make all the difference

for the trees they live alongside.

By Zoé Schlanger
’ <

OCTOBER 23, 2023 PM ET
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Atmospheric Nitrogen (N,)

W Assimilation

L d
Nitrogen-fixing P s
bacteria living in 1 . _
legume root nodules . » . Nitrates(NO, )

Decomposers
(aerobic and anaerobic ‘
bacteria and fungi)

Q Nitrifying
Ammonification Nitrification bacteria

Ammonium
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Nitrogen-fixing P -
soil bacteria Nitrifying bacteria CCBY-5A3.0

Bacteria
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Manure Transportation
Management 4% Other

4%
Industry or

Chemical

Production___
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Combustion
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Wastewater _—
Treatment

6%

Agricultural Soil
Management
75%

EPA
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Nitrogen Cycle

Atmospheric Nitrogen (N,)
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Amino acid
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Chlorophyll
(for photosynthesis)
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EVAPOTRANSPIRATION
FROM FOLIAGE: ——»
Removes water

from soil

SHRUB ROOTS:
Hold surface soil

DEEP ROOTS:
Help hold and
stabilize bank
materials, ties soil
layers together

VEGETATION:

/ Absorbs the energy

of falling rain

/ GROUND COVERS:

Protect soil

VEGETATION: Helps to maintain
absorptive capacity, slows the
velocitz; of runoff and acts as a filter
to catch sediment.

GRASS ROOTS: #4794t 51
Protect surface soil

Stewards 2017
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Amazonia

Jenna M. Lawrence, Ph.D.



HydroSHEDS

Amazon Basin

River network derived
from SRTM elevation data
at 500 m resolution

major

rivers and
streams are
visualized

River line width
proportional to
upstream basin area

0 500 1000
I—

Kilometers
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Why the Amazon needs trees: water cycling!

Edge effects
decrease resiience
of the rainforest

Shallow rooted plants
Hydraulic
redistribution

B R R R R R R R R
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Deforestation-induced drying lowers
Amazon climate threshold

https://doi.org/10.1038/s41586-026-10456-0  Nico Wunderling'**™, Boris Sakschewski?, Johan Rockstrom®**, Bernardo M. Flores®”,
06 Mav 2026 Marina Hirota®*'° & Arie Staal"*

’--‘Reglonal distribution).. ‘ C-_Regional distribution‘:«_“ -
| of network effects R i ! of network effects )
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Cereal crops decimated by
Europe's heatwave

By Grace Duncan | 20 July 2023

Source: Alamy
The 2023 European cereal harvest is set to be its lowest since 2007, some 9.5% lower
than the five-year average
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How a single aspect of climate
change can make food less safe

Rising temperatures can affect food across the world by
Increasing the incidence Promoting higher uptake
of infections by food- and of toxic heavy metals in
waterborne pathogens staple crops Expanding harmful algal
blooms and affecting
Driving plant pests into 4% Making plants more | A&
new territories, potentially susceptible to fungal ’

seafood safety
leading to overuse of infections and mycotoxins
pesticides emerging in new regions

...........

food aad Agricuiture 8 e
B'V) Organiration of the ’ .
United Nations ‘2

www.food-safety.com
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Climate impacts on global agriculture emerge earlier
in new generation of climate and crop models
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PMID: 37117503 DOI: 10.1038/s43016-021-00400-y

Abstract

Potential climate-related impacts on future crop yield are a major societal concern. Previous
projections of the Agricultural Model Intercomparison and Improvement Project's Global
Gridded Crop Model Intercomparison based on the Coupled Model Intercomparison Project
Phase 5 identified substantial climate impacts on all major crops, but associated uncertainties
were substantial. Here we report new twenty-first-century projections using ensembles of
latest-generation crop and climate models. Results suggest markedly more pessimistic yield
responses for maize, soybean and rice compared to the original ensemble. Mean end-of-
century maize productivity is shifted from +5% to -6% (SSP126) and from +1% to -24%
(SSP585)-explained by warmer climate projections and improved crop model sensitivities. In
contrast, wheat shows stronger gains (+9% shifted to +18%, SSP585), linked to higher CO2
concentrations and expanded high-latitude gains. The 'emergence’ of climate impacts
consistently occurs earlier in the new projections-before 2040 for several main producing
regions. While future yield estimates remain uncertain, these results suggest that major
breadbasket regions will face distinct anthropogenic climatic risks sooner than previously
anticipated.
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ARABICA ROBUSTA

Sweeter & softer Taste Stronger & harsh
0.8%-1.5% Caffeine 1.7% -3.5%
800-1200 m Altitude 0-900m
70% Share in the worldtrade 30%




The New York Times

Coffee Production May Be

Imperiled as Forests Are
Destroyed for More Crops

A new report by an industry watchdog adds to

growing scientific consensus that as forests are felled

to make way for coffee farms, rainfall decreases and

crops are more likely to fail.
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Agricultural animals

Heat Stress

- Behavior
 Health & Well-Being
« Productivity

)

i 'f T Ambient Air Temperature

T Temperature-Humidity Inde

ks Adaptation & Mitigation
: « Genetics
« Nutrition

« Management
Bernabucci 2019
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The Growing Experiment Of
Putting Solar Panels On
Farmland

Agrivoltaics 101

Livestock
Grazing

Solar
Greenhouses

\

Crops

Pollinator Habitat (Ecovoltaics) + Grazing Specialty Crops

Hickey & Al Hick
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“Biodiversity: ancient tool for resilience”

-Alex McAlvay

Global Food Security

Opportunity crops
= M s -

.‘:‘r o l‘\ \83\

Synergies and trade-offs for sustainable
agriculture: Nutritional yields and climate-
resilience for cereal crops in Central India

Lablab Sweet potato African Eggplant Yams

35 a 'Y Diversity of sorghum and other millets
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James Medlock

They're literally doing the meme

»

3, Amy - 16h

@lolennui.bsky.social

(me making fun of your crop
rotation idea and thereby holding
our people back another 5000
years) jeff thinks the beans have to
take turns Imao

&) Office of Management and Budget &2

$4 million for “legume systems research.”

I
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Climate actions

Conserve forest sinks
Conserve blue carbon

Ecosystem Forest restoration
“ Blue carbon restoration
basserd Conserve and restore peatlands

Sustainable forest management
Afforestation

Food Climate-smart agriculture
Improve livestock and grazing management
Reduce food waste

Dietary change

Energy Bioenergy and BECCS
( Solar energy
\x Hydropower

Other alternative energy #=="

Biodiversity actions
t Avoid loss of natural ecosystems

’ Increase and improve protected areas

' N Restore degraded ecosystems
Rewild and restock species

Sustainable agriculture

P Sustainable fisheries

Reduce pressure on ecosystems

Fire management

_ Reform subsidies
‘) Sustainable production and consumption
Mainstream biodiversity

Positive effects on biodiversity actions

Biodiversity actions
Avoid loss of natural ecosystems

Increase and improve protected areas ’

Restore degraded ecosystems
Rewild and restock species v 2

Sustainable agriculture
Sustainable fisheries

Reduce pressure on ecosystems
Fire management

Reform subsidies -
Sustainable production and consumption | o

- Negative effects on biodiversity actions

Positive effects on climate actions

P Climate actions
Conserve forest sinks

Conserve blue carbon

Forest restoration Ecosystem
Blue carbon restoration “
Conserve and restore peatlands =
Sustainable forest management

Afforestation

lCIimate-lsitJ\eas;t a ric:inlt\‘.'largl . Food

mprove an ngma

Reduce food waste 0 00 -Jo

Dietary change

Bioenergy and BECCS Ene .r/qx

Hydropower _
s \Z»

Negative effects on climate actions

Fig. 3. Positive and negative effects (Top) of actions to mitigate climate change on actions to reduce biodiversity loss and (Bottom) of actions reducing
biodiversity loss on those mitigating climate change. Orange lines indicate potential negative effects, and blue lines indicate potential positive effects. Interactions
may shift over time and may surpass thresholds that trigger unforeseen consequences, positive or negative [after (18)].
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