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Global Climate Change is 

Beyond Belief

It does not discriminate 

among human belief 

systems: national borders, 

social, cultural, 

economic, political, or 

religious systems



Climate and Human 

Civilization: We are 

Younger than the Last Ice 

Age



One of the Oldest Known 

Cities:

Göbekli Tepe (9,500ya)



Fooled by our 

Window of Opportunity?



The Four Horsemen of the 

Climate Change Apocalypse 

Natural Disasters 

Famine

War

Disease



Scope of the EID Crisis:

More Than Viruses 

Infecting Tropical Humans

Diseases affecting every 

species upon which humanity 

depends for survival and socio-

economic development

New diseases we have never seen 

before; diseases we thought we 

had eradicated



What is the source of EID?

Water, Food, Air, Casual contact, 

Sex, Wildlife, Pets, Anything that 

bites or feeds on us and species 

upon which we rely

Rural, Urban, and Wildland settings

Temperate and Tropical regions

Developed and Developing countries



The EID Crisis is a 

National Security Crisis 

for Every Country

Water Security

Food Security

Public Health Security 

Socio-cultural Security

Economic Security



Something is Very Wrong

New diseases are emerging 

almost daily, affecting us and 

the livestock, crops and 

wildlife upon which we depend 

for our survival

This is happening much faster 

than it should



We are hemorrhaging money 

and resources



Do No Harm

is not Working

Crisis response to EIDs 

after they have emerged 

is not sustainable

Ignoring the problem will 

not make it disappear



A Paradox

With all of our 

scientific experience, 

knowledge, and expertise, 

why is there an EID 

crisis?

And why are we losing 

the battle?



What is Wrong with Us?

Our scientific beliefs 

about the nature of 

pathogen-host systems do 

not accord with what is 

happening



Five Statements of Belief

Most emerging infectious diseases (EID) in 

humans, either newly recognised ones or those 

with new geographical or population dynamics, 

originate from animal reservoirs. Though the 

transfer of viruses between different host 

species is rare, those that do cross the species 

barrier often lead to severe outbreaks; further 

adaptation can then result in the emergence of 

variants worldwide. For a virus to cross between 

species, several genetic adaptations need to 

occur in the virus.

https://www.ebi.ac.uk/interpro/potm/2006_4/Page2.

htm

EMBL-EBI European Bioinformatics Institute

https://www.ebi.ac.uk/interpro/potm/2006_4/Page2.htm


This is the Truth

Most emerging infectious diseases (EID) in 

humans, either newly recognised ones or those 

with new geographical or population dynamics, 

originate from animal reservoirs [PARTLY TRUE]. 

Though the transfer of viruses between different 

host species is rare [FALSE], those that do cross 

the species barrier often lead to severe 

outbreaks [PARTLY TRUE]; further adaptation can 

then result in the emergence of variants 

worldwide [PARTLY TRUE]. For a virus to cross 

between species, several genetic adaptations need 

to occur in the virus [FALSE].



Slide Title

• Serological surveys in 

Africa and Asia indicate

silent Zika virus

circulation, with detection

of specific antibodies in 

various animal species

(large mammals such as 

orangutans, zebras, 

elephants, water buffaloes) 

and rodents.



What the Current Paradigm 

of Coevolution Predicts

Ecologically specialized 

pathogens strongly co-

adapted to their hosts 

should not be able to 

“change allegiances” 

easily



The Parasite Paradox

Pathogens are ecological 

specialists strongly co-adapted to 

their hosts, and yet

Emerging diseases occur more 

rapidly than the chance evolution 

of novel host-use capabilities 

Phylogenetic studies show that 

pathogens change hosts often in 

evolutionary history 



We Need a New Paradigm

Fortunately, we have one

The Stockholm Paradigm



The Basic Dynamic Module

Specialized pathogens add new hosts 

by ecological fitting; this allows 

them to generalize ecologically, 

moving to new areas, colonizing new 

habitats; they then produce new 

specialized descendants as a result 

of coevolutionary interactions

Repeated Episodes produce 

Evolutionary Diversification 



Ecological Fitting:

Capacity and Opportunity

No matter how specialized a local 

association is or becomes, 

possibilities inherent in hosts not 

yet exposed are not affected

Thus, the capacity for expanding 

into new hosts is always there, 

waiting for something to create new 

opportunities



What Has Created New 

Opportunities in 

Evolutionary History?

Climate Change

which is responsible for the 

changes in geographical 

distributions and trophic 

structures that create new 

opportunities



The Stockholm Paradigm:

Good News

The Stockholm Paradigm dynamic 

shows how easily evolution can 

generate new diversity 

following major climate change 

events, including mass 

extinctions



Historical Evidence



The Stockholm Paradigm:

Bad News

One outcome of the Stockholm 

Paradigm dynamic is expansion 

of host ranges for pathogens

The emerging disease crisis is 

a manifestation of the 

biosphere’s means of coping 

with climate change



Time to Pay Attention

The Emerging Disease Crisis 

is an indication that the 

biosphere has begun to cope 

with climate change, without 

asking our permission and 

without waiting for us to 

participate. 



How We Add To The Crisis

Humanity is characterized by 

two phenomena that mimic the 

effects of climate change and 

intensify the Stockholm 

Paradigm dynamic

Overpopulation

Globalization



Capacity and Opportunity

Emerging diseases are most often due to 

the expression of pre-existing 

capacities, including rare variants, 

given new opportunities – this allows 

EIDs to occur rapidly

Taking advantage of new opportunities 

lays the groundwork for new capacities 

to emerge, which requires chance 

evolutionary changes – this allows 

pathogens to persist and diversify



Now That We Know Why

This is Happening

What does the Stockholm 

Paradigm explain about 

the EID Crisis?



Co-Extinctions

Will Not Help

Ecological Fitting allows 

pathogens to easily 

escape the extinction of 

their original hosts



Extinctions in General 

Will Not Help

Species that disperse well and 

species with large geographic 

ranges survive mass 

extinctions 

Host species that are most 

successful at surviving mass 

extinctions will accumulate 

pathogens and become primary 

sources of EIDs



Why Bio-Control

So Often Fails

Hosts used in the native 

ecosystem is a poor indicator of 

potential susceptible hosts

There are always susceptible 

native species in any area of 

introduction and they are always 

colonized



Why are Host Changes 

Associated with Disease?

When pathogens expand into new 

hosts, disease occurs because 

natural selection cannot act 

on what has not happened, so 

there has been no selection 

for resistance and tolerance 

in the new hosts



Death by a Thousand Cuts

Each new pathogen-host association 

produces acute disease, followed 

by co-accommodation as selection 

leads to resistance and tolerance; 

the pathogen becomes an element of 

chronic pathogen pollution in its 

ecosystem, retaining the potential 

for new acute outbreaks

Once established they never 

disappear



We Cannot Continue

We Cannot Stop

We are living in a 

constructed niche, and we 

are living beyond our 

means





%



We Interfere with

Selection for Resistance

We create scenarios in which 

pathogens and hosts are asked to 

adapt to pharmaceuticals rather than 

to each other. Genetically non-

resistant hosts and rare pathogen 

genotypes are maintained.

This is profitable in the short 

term, disastrous in the long run





If There was Ever a Time 

to Think Outside the Box…

Climate change is accelerating, 

so time is critical – we are 

past some tipping points into a 

“second-order world” of change

We cannot afford business as 

usual



What is Most at Risk?

Not the biosphere

Evolution has always been 

capable of generating new 

complex biospheres 

following even massive 

extinction events



A System of

Indefinite Variation



What is Most at Risk?

Not Homo sapiens

We are too numerous, too 

widely distributed, and 

occupy too many habitats 

to go extinct as a species



What is Most at Risk?

Technological Humanity

Wait, that can’t be true!



The Gambler’s Ruin

We live in a bubble of 

false hope and denial

Those who feel the most 

protected may be the most 

vulnerable



The Trantor Syndrome:

Cities at Risk

Require a constant flow of energy, water, 

and material goods in and out

High population density

Extreme division of labor with extreme 

inter-dependency

Safe environments for species of zoonotic 

significance

Lifestyle supported by undereducated, 

undernourished people virtually invisible 

to public health services



Hard Landing Scenarios:

Isolationism is Risky

Rural pandemics: Rural areas 

crash, cities starve, human 

population declines drastically, 

technology crashes

Urban pandemics: Cities crash, 

rural areas survive, human 

population declines drastically, 

technology crashes



Soft Landing Scenario:

Cooperation Might Work

Can a network of cooperating 

countries keep technological 

humanity functioning long 

enough to reduce human 

population to sustainable 

numbers?



Be Afraid

Be Very Afraid

But don’t panic

We have a plan



There is Very Little Time: 

2020, 2030, 2050, 2070...

We cannot reverse climate 

change

We cannot stop climate change

We can prepare for what is 

coming



The Strategic Metaphor:

Anticipate to Mitigate

We cannot medicate, 

vaccinate, and eradicate 

our way out of the EID 

crisis

We can reduce the damage



Be Proactive

Replace 

Do No Harm 

with

The Precautionary Principle



Two Uses of “Cooperation” 

One of Which is Helpful

Let's cooperate and I'm 

sure we'll find a solution

vs

We have a solution and it 

requires that we cooperate



STOCKHOLM PARADIGM COOPERATOR NETWORK
Stockholm University 

Niklas Janz

Sören Nylin

Mariana Braga

iASK

Daniel Brooks

Eors Szathmary

University of Toronto 

Deborah McLennan

Virginia Commonwealth University

Salvatore Agosta

VectorAnalytica

Alicia Juarrero

USDA

Eric Hoberg

Ohio University

Alycia Stigall

Federal University of Paraná

Sabrina Araujo

Walter A Boeger

Rafael Baggio

Marcel Tschá

Luciana Patella



Two Uses of “Adaptation” 

One of Which is Helpful

Let's find ways to react more 

rapidly (adapt) to each crisis

vs

Let’s anticipate crises, 

prepare for their arrival, and 

mitigate (adapt to) their 

impact



The DAMA Protocol:

Finding Them Before They 

Find Us

Document

Assess

Monitor

Act



DOCUMENT

You cannot plan for 

something whose existence 

is unknown



孫子兵法*

* "Master Sun's Rules of Warfare"

Know your enemy



Document:

A Crisis of Ignorance

We have documented less 

than 10% of the pathogens 

on this planet

This must change

quickly and drastically



Document:

A Crisis of Ignorance

Taxonomists are trained to 

expecte (and identify) the 

unexpected

Two species of Borrelia (Lyme 

Disease), not one

This was bad taxonomy



Document: Needs

Taxonomists and 

parataxonomists

Inventories and rapid 

identification

Lots of NGS capabilities

Reference Collections and 

Databases



ASSESS (the threat)

Triage

Phylogenetics – what is it 

related to

Historical Ecology – likely 

transmission dynamics, disease 

risk, potential host range



ASSESS: Needs

Phylogeneticists

Specialists trained in

integrating natural 

history information in a 

phylogenetic context



MONITOR

Intensive Demographics of 

Priority Species 

Identified by Assessment 

Triage 

Mathematical Modeling



MONITOR: Needs

Population geneticists, 

population ecologists, 

phylogeographers

Specialists in mathematical 

modeling

Specialists in surveillance



Monitor:

Community Involvement

Regular observations by citizen 

scientists relevant to changes 

in local ecosystems that could 

enhance transmission dynamics

Coordinated by something like 

VectorAnalytica



Monitor:

Boots on the Ground to 

Eyes in the Sky

International cooperation 

linking citizen scientist 

activities with satellite 

monitoring and assessment of 

global trends



ACT:

Adaptation and Cooperation

Get the word out to people 

at risk about how to 

reduce exposure

Mobilize governmental and 

NGO agencies



ACT: Needs

Specialists in 

Public activism 

Outreach 

Education and Training



Act:

Education is Essential

Everyone should be 

educated to make a 

contribution

Citizen scientists to 

government policy makers



Act:

Everyone Must Contribute

We must integrate human 

activities on multiple 

scales

Citizen scientists to world 

renowned specialists to 

government policy makers



The DAMA Protocol:

Policy as Lifestyle Change

This will not be cheap or 

easy, and life will never be 

the same, but it is 

feasible, and it may be 

essential for the survival 

of technological humanity



Threats and Needs: A Summary

74



Talk is Cheap 

Actions Speak Louder Than 

Words

Think globally,

Act locally

START NOW



No One is to Blame

But

It is everybody’s fault



We are all being asked the 

same question



DO We Feel Lucky?

If human civilization 

emerged in a unique 

window of opportunity we 

may not get a

second chance



The Future

We have the ability to save 

ourselves but we seem to have 

little interest in doing so

This is a shame – human 

civilization is a wonderful 

concept and we should give it 

more of a chance



The Cassandra Collective

Detachment is a rare virtue 

and very few people 

find it lovable 

– Dorothy Sayers, 

Gaudy Night

(Mic Drop)
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