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Then God said, “Let us make man in our image, 
after our likeness. And let them have dominion 
over the fish of the sea and over the birds of the 
heavens and over the livestock and over all the 
earth and over every creeping thing that creeps on 
the earth.” 





“hidden hand” 



Chapter 4 – “…we should then have places in 
the economy of nature which would assuredly 
be better filled up, if some of the original 
inhabitants were in some manner modified “ 

Chapter 4 – “…for as all organic beings are 
striving to seize on each place in the economy 
of nature, if any one species does not become 
modified and improved in a corresponding 
degree with its competitors it will be 
exterminated.” 
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ecosystem services: 
 
   the benefits people 
   obtain from ecosystems 
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“Because of the expanding human footprint, 
these infested and novel ecosystems will be 
valued, and not shunned as somehow 
unworthy” (Kareiva in R. Lalasz, 2011, p. 8).    
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Alas, there are limits to growth….. 



Sadi Carnot 1796- 1832 

“Heat can never pass from a colder to a warmer body without some other change, 
connected therewith, occurring at the same time.” 
Planck’s version: “Every process occurring in nature proceeds in the sense in which 
the sum of the entropies of all bodies taking part in the process is increased.” 

Rudolf Clausius version of the 2nd law of thermodynamics: 



1766-1834 

“That the increase of population is 
necessarily limited by the means of 
subsistence, 
 
That population does invariably increase 
when the means of subsistence increase, and, 
 
That the superior power of population is 
repressed, and the actual population kept 
equal to the means of subsistence, by misery 
and vice.” 





For instance, humans extract  
massive amounts of energy from  
burning, usually converting  
chemical energy to heat energy 
and then to mechanical energy,  
each step causing enormous  
losses of material and energy,  
much of it to the atmosphere 
(e.g., CO2), with up to 60% lost 
 at each step. 
E.g. – incandescent light bulb –  
only 5% of energy is used as light; 
 other 95% lost as heat. 
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World seeks stable population and stable industrial 
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Natural selection: individual or group-level? 









2014 







New York Times, yesterday, May 8, 2014 



New York Times, yesterday, May 8, 2014 















Joel Cohen 






