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²Ƙŀǘ LΩƳ DƻƛƴƎ ǘƻ ¢Ŝƭƭ ¸ƻǳ 

Å The OY ratio: what it is, why it matters 
 

Å ά9ǘƘƴƻƎǊŀǇƘƛŎέ ƳƻŘŜƭ ǎŜǘǘƛƴƎǎ ǳƴŀōƭŜ ǘƻ ǇǊƻŘǳŎŜ ƭƻǿ h¸ Ǌŀǘƛƻǎ όғ мύ 
like those of Neandertals 
 

Å Low OY ratios are produced by Middle Paleolithic mortality regime, 
but demographic viability decreases 
 

Å High adult mortality can be offset by several behaviors that enhance 
birthrate and infant survival 
ï Large families 
ïƳƛƴƛƳŀƭ ǊŜǎǘǊƛŎǘƛƻƴǎ ƻƴ άƳŀǊǊƛŀƎŜέ 
ï family economics different from those of ethnographic hunter-

gatherers 

 
Å Model results concordant with several lines of archaeological/fossil 

data 
 
 



The OY Ratio 
 

OY ratio = 
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OY Ratio: Change through time 
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!ǇǇŜŀǊŀƴŎŜ ƻŦ  άƳƻŘŜǊƴέ 
characteristics: 
Å Sexual division of labor 
Å YƛƴǎƘƛǇάDǊŀƴŘƳƻǘƘŜǊƛƴƎέ 

? 



First question: what does the OY ratio mean? 

ÅStatic measure derived from assemblages of fossils 

 

ÅWhat is it telling us about the demography of living 
populations? 

 

ÅInterpretation Ą need to link changes in 
demographic variables of living populations to 
ŎƘŀƴƎŜǎ ƛƴ άŘŜŀŘέ h¸ Ǌŀǘƛƻ 

 

ÅComplex systems approach: systematic 
experimentation with an ABM 

 

 



Demographic characteristics are emergent behaviors 

Emergent behavior: self-
organizing, collective 
behavior that is difficult to 
anticipate from knowledge 
ƻŦ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ŀƎŜƴǘǎΩ 
behavior (Boccara 2004:3) 

 

Å System-level behavior 
emerges from the 
άōƻǘǘƻƳ ǳǇέ 

 

Å FŜŜŘōŀŎƪǎ ŦǊƻƳ ǘƘŜ άǘƻǇ 
Řƻǿƴέ ŀŦŦŜŎǘ ƭƻǿŜǊ ƭŜǾŜƭǎ 
of system 

 

 

 

 

 

 

Localized interactions between agents 

Collective, emergent 
behavior of system 
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Å Paper at AJPA (currently in Early View) 

Å Model description and code (FN3D_V2) at www.OpenABM.org 

http://onlinelibrary.wiley.com/doi/10.1002/ajpa.22495/abstract
http://onlinelibrary.wiley.com/doi/10.1002/ajpa.22495/abstract
http://www.openabm.org/model/4087/version/1/view


Key model representations: birth and death 

ÅAge-specific probabilities of pregnancy and death 

ÅBase pattern is constant, probabilities adjusted as parameters 
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Key model representations: who can marry? 

 
 

No restrictions based on kinship/descent 

ά.ŀǎƛŎέ ƛƴŎŜǎǘ ǘŀōƻƻ 

Ego 

Ego 

Å Ego (male) can 
marry any female  
of reproductive age 
or older 

Å Ego (male) cannot 
marry sister, mother, 
grandmother, aunts, 
nieces 

 



Key model representations: family economics 
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about: 
Å Marriage (polygyny) 
Å Avoidance of 

pregnancy 
Å Infanticide 
 

Dependency ratio = (number of consumers) / (number of producers) 

wƻƭŜκŜŦŦŜŎǘǎ ƻŦ ŘŜǇŜƴŘŜƴŎȅ Ǌŀǘƛƻ Ŏŀƴ ōŜ ŀŘƧǳǎǘŜŘ ǿƛǘƘ ǎŜǾŜǊŀƭ άƭŜǾŜǊǎΥέ 
ÅAge at which children are counted as producers 
ÅValue of dependency ratio that is sustainable (1.75) 
ÅWeight of dependency ratio in economic calculations 

 



.ŀǎŜƭƛƴŜ ƳƻŘŜƭ ǊŜǎǳƭǘǎΥ άŜǘƘƴƻƎǊŀǇƘƛŎέ ǎŜǘǘƛƴƎǎ 
(White 2014) 

 

Dead OY ratio clearly related to mortality and fertility 
experienced by living model populations 

http://onlinelibrary.wiley.com/doi/10.1002/ajpa.22495/abstract


.ŀǎŜƭƛƴŜ ƳƻŘŜƭ ǊŜǎǳƭǘǎΥ άŜǘƘƴƻƎǊŀǇƘƛŎέ ǎŜǘǘƛƴƎǎ 
(White 2014) 

 

Lower OY ratios produced by populations with higher mortality 
and higher fertility 

Dead OY Ratio 

Mean Adult Mortality 
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http://onlinelibrary.wiley.com/doi/10.1002/ajpa.22495/abstract


Model is incapable of producing OY ratios < 1 at  
άŜǘƘƴƻƎǊŀǇƘƛŎέ ǎŜǘǘƛƴƎǎ 

Upper Paleolithic 
(2.08, 2.10) 

Sample OY ratios from 
Caspari and Lee (2004) and 
Caspari and Lee (2005) 

Neandertals (1.00) 

Neandertals (0.75) 

Neandertals (0.39) 

Neandertals (0.35) 

Early Homo (0.25) 
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ά9ǘƘƴƻƎǊŀǇƘƛŎέ 
settings in 

model 

A different mortality regime during the Middle 
Paleolithic? 

Two large fossil 
assemblages that can 
be used to estimate 
survivorship during 
the Middle 
Paleolithic: 

 

Å Atapuerca-SH 
(32 individuals) 

Å Krapina           
(83 individuals) 

 

Dotted lines from: Bermúdez de Castro & María Elena Nicolás  1997:Figure 5.  

Atapuerca-SHH 

Krapina 


