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Space hippies 
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Star Trek aliens

Space mobsters 

Space nazis Space racial metaphors 



Planet of Hats
An entire alien race is 
defined by one trait.

Vulcans=logic 
Klingons=war

Compare to Earth, 7 billion people, 200 
states, 5000 ethnicities, hundreds of 
languages

Planet of 
nice hats



Rubber forehead aliens

Klingons

BajoransRomulans

Aliens who evolved to be just like 
humans, but with one feature different.

Pigs in space



An exocomp was 
built but gained 
sentience (TNG: The 
Quality of Life).

Machine-based life.

Data was built and 
programmed to be 
sentient.

V-ger also 
achieved 
sentience (ST: 
TMP)

Nanites got loose on 
the Enterprise and 
gained sentience 
(TNG: Evolution)



The Gorn (TOS: Arena)

Man-in-suit-based life

Mugato (TOS:  A 
Private Litte War)



Intelligent Gerbil

Term coined by SF 
author Robert J. Sawyer 
!
A way of writing alien 
races:  take a terrestrial 
animal and make them 
humanoid.

So an intelligent gerbil would look 
humanoid, but:  
- Run around in a plastic ball 
- Drink out of tubes 
- Sleep on a pile of wood chips



“Starfish aliens”

Tholians



The “tin man” alien  
(TNG: Tin Man)

“Space whales”

Whales with a spaceship  
(ST IV: The Voyage Home)

Farpoint alien  
(TNG: Encounter at Farpoint)



An excalbian -- a silicon-based 
shape shifter with a rock-like body 
(TOS: The Savage Curtain). 
!
!
!

Silicon-based life

The Horta (TOS: The 
Devil in the Dark).



The Komar (VOY: Cathexis)

Energy beings

Organians (TOS: Errand of Mercy )

The Calmarain (TNG: Deja Q)
Koinonian (TNG: The Bonding) 



In Star Trek, aliens have to serve a story purpose, fit 
within budget, technology, be relatable to the 
audience.

Realistic?

There are rules for the development of life in the 
universe as well.  We may not know them all, but we can 
extrapolate from our knowledge of physics, biology, 
evolution, chemistry and astronomy.



“It was the best of times, it was 
the blurst of times...” 

Mr. Burns’ 
Shakespearian 
monkeys, The Simpsons

Evolution

Criticism of evolution:  the probability of assembling 
something something as complicated as a human out of 
random mutations is equivalent to a tornado in a 
junkyard assembling a 747.

Evolution is not random, it is a process of natural 
selection, i.e. “survival of the fittest.” 
- Random mutation 
- Competition for resources 
- Sexual reproduction (best genes are passed on)



Evolution

The Evolution of Superman

Misconception 1: 
Evolution just makes 
things awesome

Misconception 2: 
Evolution is evolving 
toward something.

In reality, evolution is 
just about adapting to 
an environment.

Counter-examples:   
- Neanderthals  
- Ants are really dumb 
- Dwarf elephant 
- Blind spots 
- Aging diseases

Dwarf elephant from crete



Evolution

The Talosians (TOS: The Cage)

The most 
stereotypical 
alien has a large 
head (for brains), 
is hairless, has a 
pale body.



Humanoids?
For more than 99.994% of the history of life on 
Earth, modern humans did not exist.  For 99.7% of 
the time, hominids didn’t. 
!
If all life on Earth is a calendar year, humans came 
on the scene at 11:30 pm on Dec. 31.

Of the hundreds of millions of species on Earth, only 
one developed intelligence.

The humanoid form isn’t the best, or isn’t inevitable, it is 
simply the result of trillions of selections, and one that 
happened to develop intelligence. 
!
But there are aspects of our form that may be universal.



General commonalities for life
- Energy 
- Reproduction 
- The abilitiy to pass on information (some set of instructions like 
a genetic code).

Very useful things
- Seeing 
- Locomotion 
- Communication

Specific commonalities for Earth life
- Cells 
- DNA 
- Carbon-based chemistry 
- Water

Social Evolution
- Information storage



Most (but not all) creatures on earth ultimately 
derive their energy from the sun. 
 - Photosynthesis 
 - Eating plants or plankton 
 - Eating creatures who eat plants or plankton

Exceptions

Black smoker vents: 
deep sea ecosystems 
despite no sunlight

Movile cave, Romania: cut off 
from outside world, sunlight for 
5.5 million years.  Hot springs, 
46 species; 33 unknown 

Nepa anophthalma

General:  Energy   Reproduction   “Genes”    

http://web.archive.org/web/20021203233158/http://www.geocities.com/RainForest/Vines/5771/nepa.jpg


Ecosystems exist 
around these black 
smoker vents on the 
sea floor.

There is no 
sunlight, but the 
base of the 
ecosystem is 
chemosynthesis. 
!
Bacteria use 
hydrogen sulfide 
(usually toxic) to 
produce organic 
material!

Tube worms have 
no digestive tract, 
but house these 
bacteria, use them 
to produce carbon.

CO2 + O2 + 4H2S → CH2O + 4S + 3H2O

General:  Energy   Reproduction   “Genes”    



Reproduction takes many forms: 
- Asexual 
- Sexual  
- Both

General:  Energy   Reproduction   “Genes”    



Somehow you have to pass on the instructions for 
creating a life form.

For all forms of life we 
know, this is DNA or 
RNA. 
!
It can hold a huge 
amount of information 
efficiently. 
!
It can copy itself. 
!
Had to evolve from a 
simpler form (RNA?, 
something before that?). 
!
Other life might have 
something similar, but 
not exactly the same.

General:  Energy   Reproduction   “Genes”    



Cells
The form of an individual must be differentiated 
from the outside world or held together. 
!
All life on Earth is cell-based.

Cells are great because: 
- They hold genetic material 
- In an evolutionary sense you can start simple, with single-celled 
life. 
- You can grow 
- You can replace parts / heal easily 
!
Are they necessary to life?  

Specific:  Cells    DNA    Carbon   Water    



Proteins:  Polymers of amino 
acids.  Building blocks from 
which the structures of living 
organisms are constructed. 
!
!
!
!

Organic chemistry

Amino acid 
structure

Nucleic acids:  (DNA, RNA) carry 
genetic information

!
Carbohydrates:  Store energy 
in a form usable by cells

Fats:  Store 
energy in 
concentrated 
form 

Specific:  Cells    DNA    Carbon   Water    



Earth life is carbon-based.  Is all life?

Carbon is the most 
flexible element for 
bonding, with four slots 
for sharing electrons.

Elements bond by sharing 
electrons.  How they do this is 
determined by the number of 
electrons they have in the outer 
shell of the atom, “valence” 
electrons.

Specific:  Cells    DNA    Carbon   Water    



Specific:  Cells    DNA    Carbon   Water    



Element abundance in the universe

Hydrogen and 
Helium were 
created in the Big 
Bang and are the 
most abundant 
elements in the 
universe. 
!
Everything else was 
synthesized in 
stars.  Our sun is 
fusing H in to He, 
will end as a ball of 
carbon and oxygen.

Specific:  Cells    DNA    Carbon   Water    



Carbon can bond to 
itself in many different 
ways. 

This allows it to form long chains, 
carrying much information. 

Molecules are like 
tinker toys and carbon 
is the best piece. 

Specific:  Cells    DNA    Carbon   Water    



Specific:  Cells    DNA    Carbon   Water    



What about Silicon?

Silane:  Si analog of methane

- Si atoms are bigger and heavier, 
and have trouble forming double or 
triple covalent bonds 
!
- Si tends to form crystalline 
structures, not long chains. 
!
- Si interacts with few other types of 
atoms (compare to Carbon:  H, O, N, 
P, S, Fe, Mg, Zn...). 
!
- Analog of CO2, SiO2 is not liquid at 
temperatures where water is, 
requiring another solvent.  So 
Oxygen breathing Si beings would 
need temperatures of thousands of 
degrees

Specific:  Cells    DNA    Carbon   Water    



An excalbian -- a silicon-based 
shape shifter with a rock-like body. 
!
!
!

The Horta

Specific:  Cells    DNA    Carbon   Water    

Star Trek Silicon-based life



Water is required for all known life on 
earth. 

- It is the universal solvent -- most 
things dissolve in water.   
- Water is used in both storing and 
releasing energy in plants and 
animals  
- In anabolism water is removed 
from molecules to grow larger 
molecules like starches and proteins 
- In catabolism water is used to 
break bonds to make smaller 
molecules, allowing fuel use (e.g. 
glucose) 
  

Specific:  Cells    DNA    Carbon   Water    



How did we get water on Earth?
The early Earth was molten -- water could not have existed. 

Leading theory:  giant impact 
created moon, released oxygen, 
made CO2 atmosphere, ultimately 
water.

Alternative: comets, but in general they don’t have the 
right isotopic signature (Deuterium/Hydrogen ratio). 

Specific:  Cells    DNA    Carbon   Water    



Useful:  Sensing   Communication   Locomotion    

Bats, dolphins, etc. 
can echolocate.

Single-celled organisms can often chemically sense each 
other.  But this generally requires being in a solution 
together. 
!
Closely related, in air:  smelling

Eyes are the best way to sense.  They have 
independently evolved from a precursor at least 10 
times on Earth.

But echolocating-only 
creatures wouldn’t have 
astronomy, because they 
couldn’t “see” off the 
planet, wouldn’t know 
there was anything else.



Useful:  Sensing   Communication   Locomotion    

Eyes:  common origin in 
a photosensitive eyespot 
540 million years ago.

This shows the evolution 
of the human eye, but  
Cephalopod (squid), 
vertebrate, and cnidaria 
(box jellyfish) eyes 
evolved independently.



Useful:  Sensing   Communication   Locomotion    
For cephalopods the nerves enter 
the back of the eye, as opposed to 
the front for vertebrates.  

But there are other 
solutions, e.g. 
compound eyes.

Vertebrate Octopus

Cephalopod eyes form as 
invaginations of the body rather 
than outgrowths of the brain.  
They lack a cornea, the lens is 
internal, they are focused 
differently.

Nerves

Retina Nerves

Retina

The barreleye brownsnout 
spookfish eye can see up and 
down simultaneously, has 
reflecting optics!



!
Mantis Shrimp (stomatopods -- 
not really a shrimp).   
!
Have 16 types of photoreceptors 
(compared to our 4)! 
!
Can see in the ultraviolet, 
infrared, and can even see 
polarized light! 
!
Each eye has trinocular vision 
(each eyes is split into thirds 
and has depth perception).

Useful:  Sensing   Communication   Locomotion    



Useful:  Sensing   Communication   Locomotion    



Stars like the sun have their peak 
output in the visible part of the 
spectrum.  Our eyes evolved to 
see light at the wavelengths 
where the sun is putting most of 
it out.

Hotter, bluer stars 
peak in the 
ultraviolet.  

Cooler, redder 
stars peak in the 
infrared.  So 
creatures around 
cool stars would 
have infrared eyes.

Useful:  Sensing   Communication   Locomotion    



But colors are just a 
construct of our brain! 
!
In the real world light is just 
longer or shorter 
wavelengths. 
!
Our brains assign colors to 
things (using input from our 
cones) so that we can more 
easily separate blood, sky, 
grass, etc. 
!
Other creatures would surely 
not see colors the same way.

Some bats can sense velocity.  Do their brains assign “colors” to 
things moving away or towards them?

Useful:  Sensing   Communication   Locomotion    



Evening primrose

Visual                                   UV 

Dandelion

Silverweed

Bees can see farther in the 
ultraviolet than us (the lenses on 
our eyes block UV, but bees don’t 
have lenses).  Bees see patterns 
in flowers that we can’t see!

Useful:  Sensing   Communication   Locomotion    



Pit Vipers have sensory organs, “pits,” that allow 
them to see in the thermal infrared:  night hunting.

Useful:  Sensing   Communication   Locomotion    



Convergent evolution

Convergent evolution, where similar species have developed the same 
mechanisms independently may hint that these could evolve on another 
world. 
!
But it is relatively easy here, because some of the machinery is shared in 
common with ancestors. 
!
Eyes, arms, legs, wings have evolved many times on Earth (but not 
hands!)

Wings -- last 
common 
ancestor 
between birds 
and bats did 
not have them.

Useful:  Sensing   Communication   Locomotion    



All life on earth 
came from a 
single common 
ancestor.

Tree of life

See Tree of Life on the Web Project: tolweb.org

Useful:  Sensing   Communication   Locomotion    



N = R fp ne fl fi fc L

Drake Equation

How many civilizations are 
there in the galaxy that could 
communicate with us?

Basically, N ~ L

R: rate of star formation  
fp: fraction of stars with planets  
ne: number of life-supporting planets per star 
fl: fraction with life 
fi: fraction with intelligent life 
fc: fraction that can communicate 
L: average lifetime of a civilization

Frank Drake

Useful:  Sensing   Communication   Locomotion    



More advanced?

Humans have only had advanced technology (like radio) for 
~100 years. 
!
This is 0.000007% of the age of the universe. 
!
So if the age of the universe is a calendar year, two seconds 
before midnight, we came on the scene. 
!
Chances are overwhelming that any civilization we contact 
will be much more advanced than us.



Technology

On Earth, Hominids have had technology like 
spears for about half a million years, but 
only 7000 years after the development of 
writing, we had left the planet.



First 200,000 years:  
storage:  your brain + oral tradition 
constant relearning

200,000 150,000 100,000 50,000 Today
years ago...

first  
modern  
humans

tribal livingfirst  
modern  
humans

0 1000 A.D.2000 B.C.4000 B.C.

Agricultural 
revolution

Writing: 
With the development of writing about 7000 
years ago, you could have access to thousands 
of brains worth of information, and accumulate 
knowledge.  Fast rise of cities, scholarly class, 
and technology.

Internet: 
Now we  have 

instant access to 
billions of brains’ 

worth of information



Biological life is shaped by natural selection, which 
takes many generations.  Took billions of years for 
humans to evolve.

Machine-based life.

Machine life could go through generations in 
seconds.  Machine life can use artificial selection. 

Processing power doubles every ~18 months.

Machine life should be much more advanced.

Within 30 years, computers should be more complex than the 
human brain.

It could also be more durable, more suited to space travel, 
resistant to disease, and could readily reproduce itself



What can we say from astronomy?



Our solar system is a crazy place

Barren, cratered landscapes

Gas giants

Desolate deserts
Hydrocarbon lakes

Frozen ocean 
worlds

Sulfuric acid 
clouds

Life!

Exotic volcanoes



Terrestrial planets	

Small, high density, rocky

Jovian planets	

Large, low density, gaseous



The atmospheres of 
planets and moons 
aren’t random!  
They depend on the 
mass of the planet 
and distance to 
sun.

Gas giants are mainly hydrogen and helium, like stars.

Closer, rocky planets are too small and hot to keep such light 
gasses.  The smallest have no atmospheres.

Planetary 
atmospheres
You need an 
atmosphere to keep 
liquid water on the 
surface.

Specific:  Cells    DNA    Carbon   Water    



Only a certain region around a star has conditions 
where liquid will exist on the surface.

Habitable zone

Specific:  Cells    DNA    Carbon   Water    



False color Enceladus up close from Cassini

Farther out, there may be liquid water below the surface, like on 
the moons Europa and Enceladus, where tidal heating is keeping 
water liquid beneath an ice crust. 



Almost all of the 500 or so planets 
we’ve discovered around other stars 
are massive gas giants. 
!
That’s because we usually detect them 
by either noticing the wobble of the 
parent star induced by the gravity of 
the planet, or by seeing the light of the 
star dim as the planet passes in front.  
Both techniques are most sensitive to 
large, massive planets.

Transit method

Wobble method

But sometimes 
we can see the 
planet!  This is 
the first one, 
from 2004, 
seen in the 
infrared.  It is 
1.5 times the 
radius of 
Jupiter.



We’re starting to be able to measure the atmospheres 
of other planets!

Artist’s 
conception of a 
recently 
discovered 
planetary system 
around another 
star, 55 Cancri.  It 
has at least 5 
planets!

We’ve even detected other solar systems! 



We’re starting to be able to measure the atmospheres 
of other planets!

Artist’s conception of 
HD 189733b.  
Methane has been 
detected in the 
atmosphere! 
!
This is done by 
comparing the 
spectrum of light 
when the planet 
passes in front of the 
star to the spectrum 
when the planet is 
behind the star.



Conclusions

Intelligent life probably won’t be humanoid, but it may have 
recognizable things like eyes, legs, a mouth, etc. 
!
It may not see in the same way we do. 
!
It is most likely to be carbon based and need water. 
!
Life is everywhere we’ve looked on earth, but was all derived from 
a common ancestor. 
!
Second generation life may be machine-based, may be what 
dominates the galaxy. 
!
There are billions of stars like our sun with possibilities for life.  But 
whether we can hope to communicate depends on whether 
civilizations are long-lived, and their intentions. 



Thanks to:
TV tropes: 
http://tvtropes.org 
!
LCOGT 
http://lcogt.net 
!
Wikipedia 
http://www.wikipedia.org/ 
!
Star Trek Memory Alpha 
http://en.memory-alpha.org/wiki/Portal:Main 

http://www.aintitcool.com/node/43440
http://www.aintitcool.com/node/43923
http://www.wikipedia.org/
http://www.aintitcool.com/node/43923


Alien intentions

Sagan:  Aliens will be 
peaceful because they 
can only have a long-
lived civilization if they 
have learned how not 
to destroy each other. 
!
Hawking:  Aliens will be 
warlike because there 
will always be 
competition for 
resources.


