
Main Points 
1)   Homo sapiens as just another mammal 
      -- analogies between individuals and cities 
      -- metabolism, allometry, and life histories revisited 
      -- the production of extra-metabolic energy 
      -- energy consumption as a predictor of life histories 
 
2) The appealing oxymoron of sustainable development 
 -- Brown et al: wealth as a predictor of energy consumption 
 -- the Malthusian-Darwinian dynamic, failed societies, and alternatives to technological bail-

 outs for the third chimpanzee 
 
3) Traditional versus modern conflicts 
       -- predictors of armed conflict in the third chimpanzee 
       -- the phenomenon of genocide in Class Mammalia 
       -- xenophobia, and why we should not try to solve one of the biggest mysteries in biology 
 
4)     Cumulative final: Wednesday 16 December at 115pm in this room. Study session for final is 
 Wednesday 9 December. 
 
5) Monday and Wednesday 7 and 9 Dec = optional test 3. If you are in Monday’s lab and opt to 

take test 3, you are free to take test 3 between the hours of 2-5pm on Wednesday. Email 
Anne-Marie about when you will take the final. If you are in Wednesday’s lab and opt to take 
test 3, you will take test 3 Monday at 110pm. This test will cover material through 2 
December. 
 

6) Yet again, an opportunity for extra credit in this class 
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Shifts toward cities 



Slope = 0.75 
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Metabolism and body size 

• Median energy consumption of industrialized H. 
sapiens is roughly 10x the expectation for a non-
human mammal of the same size 
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Metabolism and body size 

• Magnitude and pace of this increase is 
unprecedented, because it occurred without an 
increase in human body mass 

 
 

  two sperm whales (92,500 kg) 
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Metabolism fuels life history and demography 

extra-metabolic energy 

• for non-human mammals, energy use approximates
 caloric intake and digestion (i.e., metabolism) 
 
• industrial environments provide goods and services   
 that alter demography without changing 
 metabolism (i.e., extra-metabolic energy) 
 

  



7 

Metabolism fuels life history and demography 

extra-metabolic energy 

• for non-human mammals, energy use approximates
 caloric intake and digestion (i.e., metabolism) 
 
• industrial environments provide goods and services   
 that alter demography without changing 
 metabolism (i.e., extra-metabolic energy) 
 

  



8 

Body size, wealth, and life histories 

• energy use is a function of body size for non-human 
mammals, so demographics and life histories are 
constrained by body size in non-human mammals 
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Body size, wealth, and life histories 
• any trait that scales with body size can be 
expressed as a function of energy use 
 
• for humans, can energy use (both metabolic and 
extra-metabolic combined) predict life history 
variables? 
 
 

  K? r? 
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Log per capita energy use 
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Log per capita energy use 
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Log per capita energy use 
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Body size, wealth, and life histories 

Log per capita energy use, watts 

• life expectancy and reproductive delay are strongly 
 related to energy use 
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Body size, wealth, and life histories 

USA 

Luxemborg 

China 

Saudi Arabia Bahrain 

Chad 

Brown et al. 2014. 
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Body size, wealth, and life histories 
Discussion Q: why did Brown et al plot energy 
consumption as a function of GDP, as opposed to the 
other way around? Do you agree with this? 
 
 

  

Brown et al. 2014. 



16 

Body size, wealth, and life histories 
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Body size, wealth, and life histories 
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Body size, wealth, and life histories 
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Energetic limitations to economic growth 

• standards of living (as indexed by GDP) are 
 increasing through time 
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Bold/aggressive personalities and fitness 

Reale et al. 2000. 
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Bold/aggressive personalities and fitness 

Bremner-Harrison et al. 2004. 
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Bold/aggressive personalities and fitness 
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Reasons for Genocides 

1. Control of resources, particularly land 
 

2. Control of power 
 

3. Revenge 
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O’Loughlin et al. 2014. 
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Energetic limitations to economic growth 

• H. sapiens is projected (conservatively) to reach a 
 global population size of 9-10 billion people by 
 2050 
 
• Given this, there are three scenarios through which 

additional economic growth can be maintained 
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The Mathusian-Darwinian Dynamic 

• Thomas Malthus: populations are capable of 
 exponential growth until environmental 
 (resource) limits are reached 
 

• Charles Darwin: new adaptations (through 
 biological and/or cultural evolution) push 
 against these limits 
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Malthusian-Darwinian dynamic has created powerful 
tendencies for humans to reproduce and acquire 
wealth to enhance fitness and personal status. 
 
Tragedy of the Commons = depletion of a shared 
resource by individuals that act in their own self-
interests, despite their understanding that depleting 
the common resource is contrary to the group’s long-
term interests 
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1) Technological bail-outs 

Easter Island, 
Societal collapse ~1870 Cambodian Angkor, 

Societal collapse ~1400 

Yucatan Mayans 
Societal collapse ~1600 
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2) Voluntary reduction in energy use 

Malthusian-Darwinian dynamic has created powerful 
tendencies for humans to reproduce and acquire 
wealth to enhance fitness and personal status. 
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3) Voluntary reduction in population size 

Malthusian-Darwinian dynamic has created powerful 
tendencies for humans to reproduce and acquire 
wealth to enhance fitness and personal status. 
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