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A majority of the biosphere 

is still unexplored. 

 

Over 99% of microbes have 

not yet been cultured. 
 

Only remote sensing through 

most of the Solar System. 

 

A small fraction of habitable 
planets/moons discovered. 

 

A tiny fraction of SETI search 
space explored. 

What We Know 

(and don’t…)  





Human 

composition 
 

     Hydrogen     

     63% 

                                                    

     Oxygen       

     26% 

                                              

     Carbon        

     9% 

                                             

     Nitrogen        

     1.25% 

                                             

     Calcium      

     0.25% 

                                             

     Phosphorus 

     0.19% 

                                             

     Potassium    

     0.06% 

                                              

     Sulfur        

     0.06% 

 

 

 

 

 

 

 









What might be, but isn’t 



Isn’t 

Is 

Imaginable 

Possible 

WHAT IS AND ISN’T 







Evolutionary Linkage through Cytochrome C 

 

Organism  # Deviant nuclic acids (in 110) 

 

Human       0 

Rhesus Monkey     1 

Dog     13 

Chicken     18 

Rattlesnake     20 

Tunafish    21 

Moth      36 

Wheat     43      

Yeast     45 

Next time you look 

into your glass of 

beer, acknowledge 

that there’s kinship.  



Small molecules (CO, H2, H20, NH3, CH4…) + energy 

lipids  +  sugars  +  nucleobases  + high-energy  + amino acids 

      compounds 

Self-assembly 

into vesicles 

activated nucleotides 

Assembly (on clay?) into genetic polymer 

peptides 

cofactors 

Protocell? 

Steps Toward Life  





Extreme Dryness  



Extreme Cold  



Extreme Heat  



Extreme Radiation  



Extreme Toxicity  



Extreme Isolation  



0.1mm 
Meet the amazing 

tardigrade, with its 

own phylum and 

many species, it’s 

got four pairs of 

legs, a digestive 

system, a single 

gonad, and it can 

go into a very dry 

suspended state 

(cryptobiosis) for 

over a thousand 

years, moving by 

being carried on 

the wind and also 

in fur of animals. 



  

Evidence that  
ingredients for life 

are widely available 
in time and space  

  

Evidence that 
planet and moon  

habitable locations  
are abundant 







Evidence for Water 











Ethane and methane lakes 

Erosion and weathering 









3000 Exoplanets 







Bacteria use communal 

sensing of environment 

and adaptive signaling, 

also forming alliances 

with other species. 

Apart from being very 

advanced biochemical 

factories, bacteria can 

sense magnetic fields 

and create nano-wires.  



Termite mounds are 

engineering marvels, 

higher than our best 

skyscrapers, scaled 

to organism size. In 

construction, 5 temp 

control mechanisms. 



Social insects have 

complex behavior, 

specialized function 

and communication 

by chemical means. 

Intelligent function is 

distributed within the 

colony or hive, rather 

that individuals. How 

might this evolve? 



Defining technology as tools or 

methods that allow a species to 

adapt to their environment… 

…it’s not unique to humans. 

Animals have invented flight, 

sonar, IR/magnetic sensing, 

batteries, polarization sense, 

fiber optics, holography, etc. 



Alex the parrot was 

talkative and playful, 

defining new words 

and concept of zero. 

Rats are ticklish and 

curious, personality 

traits are seen, they 

can anticipate sex, 

and reflect on their 

thinking processes 

(meta-cognition). 





No natural enemies 

Large brains 

Complex language 

Social animals 

Mate for life 

Bombs, Internet, Cars 

ORCAS               HUMANS 

 

× 
× 

 
  
  
  

 
 





Apes 

Evolution of intelligence: 

For most of the past fifty 

million years the largest 

brains were of creatures 

who lived in the oceans. 

Dolphins and 

Toothed Whales 





A Bit Weird: 

Fairly Weird: 

Mostly Weird: 

Totally Weird: 

Prokaryotes, eukaryotes, 

but different cell types  

 

Novel symbiosis, gene and 

organism swapping 

 

Non-cellular, networks as 

opposed to containers 

 

Planet-scale architecture, 

geo-engineering 



A Bit Weird: 

Fairly Weird: 

Mostly Weird: 

Totally Weird: 

Different amino acids, or 

bases for nucleic acids  

 

Not DNA-RNA-Proteins 

(the “Central Dogma”) 

 

Non-carbon, non-water 

(silicate, ethane/methane) 

 

High density biochemistry, 

molecule-scale organisms 





                    The History of Information 
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BITS 

4.6 billion       3.5 billion                              5000 yrs    Now 

Early life: 

0.01 bits/yr 

 

Humans: 

1 bit/yr 

 

Books: 

1013 bits/yr 

 

Digital: 

1019 bits/yr 

Moore’s law and its network bandwidth equivalent are at 

about 1 Gigabit (109) per second, but project to 1 Petabit 

(1015) per second in 2020, the capacity of the human brain. 





“Never make predictions, especially about the future.” 

  Casey Stengel, Baseball Manager 

 

(ENIAC, from 1944, weighed 30 tons, dimmed Philly when  

it was running, and was a million times slower than a PC) 

 

 







10,000 processors 

working for a year  Around 

2050  

We’re on the cusp of technological 

maturity: “ancestor” simulations of 

1035 ops or 0.1c galactic exploration. 



How long to colonize? 

Assume 10,000 years 
per 20 parsec hop 

Total time to span the 
Galaxy: 

 
1500 hops x 10,000 years 

= 15,000,000 years 

http://antwrp.gsfc.nasa.gov/apod/image/0207/ngc4945_mgi_big.jpg


Futurology 

106     105     104     103    100    10     Now    10    100    103     104   105     106 

Years Ago                                                    Years Ahead 

Now 

Internet 

Car, plane 

Medicine 

Agriculture 

Tools 

Humans 

Genetics 

Cyborgs 

Star travel 

?? 

???? 

?????? 



Civilizations: Speculation 

Nicolai Kardashev’s classification of civilizations: 

 

Type 0: not in complete control of planet’s energy  

              Chemical propulsion, solar sails 

Type I: harnesses energy output of an entire planet (1011 W) 

              Nuclear propulsion, laser sails  

Type II: harnesses entire output of their host star (1026 W) 

Antimatter drives 

Type III: colonizes and harnesses output of entire galaxy (1037 W) 

 ??? 

 

To which could be added (with implications for SETI): 

 

Type Ib: non-electromagnetic signals with low opacity 

 Neutrino beams, dark matter beams 

Type IIb: orchestrated stellar cataclysms (visible across universe) 

 Supernovae, gamma ray bursts 

Type IIIb: signals from manipulation of space-time 

 gravity waves, baby universes  







The Fermi Question 

As originally phrased by Erico Fermi, it seems a 

reasonable proposition that: 

 

• Our civilization and technology is very young; 

life forms with much more advanced technology 

could have remarkable capabilities. 

 

• A modest extrapolation of current technology 

allows us mine asteroids or moons, and create 

probes that could create replicas of themselves 

and propagate through the galaxy. 

 

• There are many likely sites for complex life, 

and plenty of time for technology to develop, 

billions of years before Earth formed. 



They don’t exist 

They are very rare 

They are unrecognizable 

They are inscrutable 

They don’t care 

They created us 

Responses to Fermi 







They Are Among Us  











In 20 years, all PW pulsed lasers 

and Arecibos emitting detected 

out to 1kpc (spanning 108 stars)  

The search to detect signals from 

technological civilizations has met 

with 60 years of silence. But the 

search capacity is increasing 

exponentially at the moment  

An approach which avoids any 

assumption about communication 

is to search for alien artifacts  







THE END  


