
Two Sets of Intertwined Stories



1. EVOLUTIONARY HISTORY



ALEXIS ROCKMAN, THE ECOTOURIST

2. BROADER BIODIVERSITY



1. EVOLUTIONARY HISTORY



1. EVOLUTIONARY HISTORY (HOUSE)



1. EVOLUTIONARY HISTORY (HOUSE MICROBIOME)





Origin of Houses













Biomass gradients
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THESE AND OTHER ARTHROPOD IMAGES BY DR. MATT BERTONE.
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More than 1000 species



A large proportion of which are house dependent



Photos by Matt Bertone



Photos by Matt Bertone
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THOUSANDS OF 
PLANT SPECIES

FORTY THOUSAND
FUNGAL SPECIES

EIGHTY THOUSAND
BACTERIAL SPECIES

PROTISTS? 

TWO THOUSAND
ARTHROPOD SPECIES







Extremes





Most “Control” Favors Body Microbes
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Pet Dogs Favor Dog Body Microbes



Closing Windows Favors Body Microbes



Chlorinating Water Favors Chlorine-tolerant Mycobacteria
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This is even more 
extreme for 
hospitals.



~95% of time indoors



~95% of time indoors

How much time did you spend outdoors today?



1. EVOLUTIONARY HISTORY (HOUSE)
From lives outdoors (amidst 
soil and leaf microbes)
to lives indoors (amongst 
body microbes)



Net effects

• Microbial composition that appears to 

predispose people to allergy, asthma, and 

other inflammatory diseases (as much via 

what is absent as what is present)



We don’t understand this effect entirely, but it is clear that it is occurring. 



Net effects

• Microbial composition that appears to 

predispose people to allergy, asthma, and 

other inflammatory diseases (as much via 

what is absent as what is present)

• An environment that promotes survival 

of biocide resistant bacteria and 

opportunistic pathogens (which are 

often poor competitors)



Antibiotic use + bleaching favors 

resistant organisms (poor competitors)



Pseudomonas 
aerigunosa
photo of colony by 
Scott Chimileski







Net effects

• Microbial composition that appears to 
predispose people to allergy, asthma, and 
other inflammatory diseases (as much via 
what is absent as what is present)

• An environment that promotes survival of 
antibiotic resistant bacteria and opportunistic 
pathogens (which are often poor competitors)

• An environment where beneficial 
microbes not acquired during birth are 
very unlikely to be acquired later on. 





In Trying to Keep Life Out

• We have favored a set of species that 
have adapted to the indoors (and are not 
necessarily good for us)

• We have excluded beneficial species (to 
our own detriment in the context of 
allergy/asthma/autoimmune disorders)

• We have created homes that are less 
healthy than those built by our ancestors 
eight million years ago. 



If not this future then what?



Predictions 

for the next 

5-10 years 

of medicine

(in 2017)



Predictions for the next 5-10 years 

of medicine (2022)
• An initial focus on re-introduction of outdoor 

microbes into homes (plants, fermented foods, 
open windows)
– This is akin to the earliest fecal transplants

• Initial haphazard results (Which soil? Which 
plants? Which fermented foods?)

• One thread of future interventions will focus on 
bringing microbial processes into the home (e.g., 
fermenters/digesters) 

• Another thread will focus on specific microbes 
used as therapeutics (on surfaces, in the home)

• All of this is already happening, just in remote 
corners



1. EVOLUTIONARY HISTORY (HEART)







The Anatomy of an Old Man (Il 

Vecchio)

“As a well-spent day 

brings happy sleep, so 

life well used brings 

happy death”



Tortuous Arteries



1. EVOLUTIONARY HISTORY (HEART)



1. EVOLUTIONARY HISTORY (HEART)

Superficially 
very similar 
hearts







Sanaga-Yong Chimpanzee Rescue Center in Cameroon. Lucy has just died of 

a heart attack. The other chimpanzees mourn.



Nissi Varki, UCSD

Yerkes National Primate Center, Emory



Human Chimpanzee

Varki, Nissi, Dan Anderson, James G. Herndon, Tho Pham, Christopher J. Gregg, Monica 
Cheriyan, James Murphy et al. "Heart disease is common in humans and chimpanzees, but 
is caused by different pathological processes." Evolutionary applications 2, no. 1 (2009): 
101-112.



It doesn’t 

appear to be 

due to 

differences in 

cholesterol



All humans seem to have the 

propensity for atherosclerosis



Ancient malaria

Neu5Ac Neu5Gc 



Ancient malaria

Neu5Ac Neu5Gc MALARIA
BINDING SITE



Broken gene associated with converting Neu5Ac to Neu5Gc 



Gorilla to Human

• This jump has affected hundreds of 

millions of people and led to many 

evolutionary changes in the human 

genome.

• But, we are also left, all humans, with the 

absence of ….



Meat-eating has been shown to accelerate atherosclerosis via sialic acids. Human-like mice
develop atherosclerosis more rapidly in general and, especially when fed red meat.

Kawanishi, Kunio, Joanna K. Coker, Kaare V. Grunddal, Chirag Dhar, Jason Hsiao, Karsten
Zengler, Nissi Varki, Ajit Varki, and Philip LSM Gordts. "Dietary Neu5Ac Intervention Protects 
Against Atherosclerosis Associated With Human-Like Neu5Gc Loss—Brief 
Report." Arteriosclerosis, thrombosis, and vascular biology 41, no. 11 (2021): 2730-2739.



Human Chimpanzee

Varki, Nissi, Dan Anderson, James G. Herndon, Tho Pham, Christopher J. Gregg, Monica 
Cheriyan, James Murphy et al. "Heart disease is common in humans and chimpanzees, but 
is caused by different pathological processes." Evolutionary applications 2, no. 1 (2009): 
101-112.
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ALEXIS ROCKMAN, THE ECOTOURIST

2. BROADER BIODIVERSITY



ALEXIS ROCKMAN, THE ECOTOURIST

2. BROADER BIODIVERSITY (HOUSES)



Dr. Stephanie Mathews



Doubled… the number of bacteria species

on Earth known to be able to break down lignin





Wasp on porch



The 1st Try Works

Lachancea thermotolerans (YB16), never before used in beer brewing



Led to a patent and a start up (Lachancea LLC, John Sheppard). 
Dr. Anne Madden pictured (not here tonight). 



Bread



Frozen fish



Otzi, the Iceman

(and his useful yeasts)



Note: Dr. Clint Penick (at far right)

has pillows available 

for purchase



Omar Halawani



Demodex

Almost Dr. Megan Thoemmes



ant and spider by Matt Bertone (Mill moth by anonymous
Internet person)





Dr. Carlos Goller



ALEXIS ROCKMAN, THE ECOTOURIST

2. BROADER BIODIVERSITY (HEARTS)



1964, Dr. James Hardy



In the first transplant the patient lived!





But he lived just 18 days.





The secret was Cyclosporine.





Kathie Hodge, Cornell



Baby Fae, received a baboon heart transplant. Rejected the heart after several weeks (1984). 



Pig heart transplant



Akira Endo

1965



As a boy Endo explored



6000 fungal strains

Checked for inhibition of HMG-CoA reductase



In 1971, citrinin works but causes kidney stones. 

In 1973, compactin works in petri dishes, but not in rats



“a wonderful gift from nature”





A Baby Blue 

Whale Heart



The organisms that get longer lives offer 

insights into longevity.

Beasts we want
to understand



Adenosine



Humans get about 1.5 billion extra beats.



WE ARE JUST BEGINNING TO EXPLORE



1.5 MILLION BEETLES
5 MILLION INSECTS
7 MILLION ARTHROPODS

80% UNDISCOVERED
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A NATURAL HISTORY OF THE FUTURE| CHAPTER 1

PHOTO BY 

Pseudomonas 
aerigunosa
photo of colony by 
Scott Chimileski



A NATURAL HISTORY OF THE FUTURE| CHAPTER 1



1,000,000,000,000 SPECIES

A NATURAL HISTORY OF THE FUTURE| CHAPTER 1



1,000,000,000,000 SPECIES

(IF OFF BY 3 ZEROS, STILL A 

BILLION)

A NATURAL HISTORY OF THE FUTURE| CHAPTER 1



1,000,000,000,000 SPECIES

(IF OFF BY 3 ZEROS, STILL A 

BILLION)

JUST 30,000 ARE NAMED

A NATURAL HISTORY OF THE FUTURE| CHAPTER 1
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Two Sets of Intertwined Stories

(of our relationship to the rest of life)


