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DEFSTITS WG
Charles Darwin (1809-1882)
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Darwin's View
The Critical Impact of Malthus on Darwin

@ "In October 1838, that is, fifteen months after | had begun my systematic
inquiry, | happened to read for amusement Malthus on Population, and being
well prepared to appreciate the struggle for existence from long-continued
observation of the habits of animals and plants, it at once struck me that
under these circumstances favorable variations would tend to be preserved,
and unfavorable ones to be destroyed.” Charles Darwin
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@ "In October 1838, that is, fifteen months after | had begun my systematic
inquiry, | happened to read for amusement Malthus on Population, and being
well prepared to appreciate the struggle for existence from long-continued
observation of the habits of animals and plants, it at once struck me that
under these circumstances favorable variations would tend to be preserved,
and unfavorable ones to be destroyed.” Charles Darwin

e 'Favorable’ traits (i.e., adaptable to the environment) will be preserved

e Yet, Darwin did not envision the impact of this adaptation on the
(technological) environment
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But Can this Adaptation be Rapid Enough to Affect the Growth Process?

@ Biological vs. Cultural Adaptation

o Biological adaptation (vertical transmission) is slower

o Cultural Adaptation (vertical & horizontal transmissions) is more rapid

e Significant portion of the adaptation can be viewed as cultural

o Yet biological adaptation is viable too
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Rapid Evolutionary Processes in the Composition of the Population

@ Evolution of new traits may be a slow process
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e Evolution of the English Peppered Moth (few hundreds generations)
o Triggered by industrial pollution
o Evolution of Darwin’s Finches (few generations)
o Triggered by drought in the Galdpagos
e Evolution of guppies's decoration (15 generations)

e Triggered by the introduction of new predators
e Trade-off: attracting sexual mates & predators
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Main Hypothesis Speed of Adaptation

Rapid Evolution of the English Peppered Moth

Oded Galor Human Adaptation & Growth March 14, 2024 9 /41



Main Hypothesis Speed of Adaptation

Rapid Evolution Darwin’s Finches Composition - Daphne Major, Galdpagos
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Main Hypothesis Speed of Adaptation

Rapid Evolution in the Composition of Darwin's Finches

Severe drought on the Daphne Major Island (Galdpagos)

@ Competition over scarce resources: inspects, cactuses & seeds
e Increase in the fraction of large finches with larger beaks

e Enhanced partly by sexual selection
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Main Hypothesis Speed of Adaptation

Rapid Evolution the Composition of Guppies Triggered by New Predators
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Sheeclofifdaptation
Evolutionary Changes in Humans in the Past 10,000 Years

@ Emergence of Lactose Tolerance

o Provided the ability to digest lactose in adulthood across regions

o Geographical variations triggered by the intensity of the domesti-
cation of dairy animals

@ Emergence of the Sickle Cell Trait

o Carriers are provided by a natural immunity to malaria

o Geographical variations Triggered by the intensity of the engage-
ment in slash-and-burn agriculture

@ Intensification of the immune system & pigmentation

e Variations reflect the timing of the Neolithic transition (Mathieson et al., 2015)
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@ Quantity Strategists (r-strategists)
e Species that produce many offspring & invest lightly in each of them

e — Offspring has a low probability of surviving to adulthood

@ Quality Strategists (K-strategists)
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Qe AR WL
Quantity vs. Quality Strategies [r-K Strategies]

@ Quantity Strategists (r-strategists)
e Species that produce many offspring & invest lightly in each of them

e — Offspring has a low probability of surviving to adulthood

@ Quality Strategists (K-strategists)
e Species that produce few offspring & invest heavily in each of them

e — Offspring has a high probability of surviving to adulthood
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Qe AR WL
Quantity vs. Quality Strategies [r-K Strategies]
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- Many offspring - Few offspring

- Low investment - High investment

- Most die before maturity - Most mature

- Short life - Long life

- Superficial relationships - Rich relationships
- Low individuality - High individuality
- Commodities - Brands
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Main Hypothesis Quantity-Quality Trade-off

Quantity vs. Quality Strategies [K Strategy]
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Qe AR WL
Quantity vs. Quality Strategies [r-K Strategies]
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Qe AR WL
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Qe AR WL
Evidence for a Quantity-Quality Trade-off [r-K Strategies]

@ Plants

o Trade-off between the number and size of seeds

@ Animals
o Trade-off between the number of offspring and their size
@ Humans

o Trade-off between the number of children and their human capital
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Evolutionary GrowthTheory Main Elements

Sources of Technological Progress — Modified

@ Educated individuals have a comparative advantage in advancing & adopting
new technologies
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Evolutionary GrowthTheory Main Elements

Sources of Technological Progress — Modified

@ Educated individuals have a comparative advantage in advancing & adopting
new technologies
et = gl

o e = average education (quality) of the population at time t

e g;11 = rate of tech progress between time t and time t +1

@ But, the scale of the population has no impact on technological progress

) Modeling assumption: Design to illustrate the role of natural selection even in the absence of scale

effect
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Evolutionary GrowthTheory The Darwinian Structure

The Darwinian Elements

@ Variety

o Preferences for child quality differ across individuals
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The Darwinian Elements

@ Variety
o Preferences for child quality differ across individuals

e Two types of individuals: Quality type & Quantity type

@ Natural selection

e Evolutionary advantage for types with the highest reproduction success

@ Evolution

o Changes in the composition of types
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Evolutionary GrowthTheory The Darwinian Structure

Preferences

@ The utility function of a member i of generation t (adults at time t)

up= (1 —7)Inci+y[Inni+p'In hi ]

° c,{ = consumption of individual of type / in generation t
e ni = number of children of individual of type i in generation t
° hi+1 = human capital of each child of member i of generation t

° [Si = predisposition towards quality of individual of type i

@ Intergenerational transmission of predisposition towards quality
i _pi _ pi
Bir1i =Pt =P
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QpsiliE
Investment in Child Quality of the “Quantity Type” (type b)
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Evolutionary GrowthTheory Optimization

Aggregate Investment in Child Quality (weighted by the fraction g of the quality type)
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QpsiliE
Optimization — Malthusian Epoch
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Evolutionary GrowthTheory

Evolutionary Advantage of the Quality Type
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Evolutionary GrowthTheory Differential Reproductive Success

Evolutionary advantage of the “Quality Type” (til the demographic transition)

. la _ a - Jla - Jla
®C 0 ®C 0 X =z 8 =7 0
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The Dynamical System
The Dynamical System
A sequence {x¢, 8¢, €r, Gt } 7 such that:

Xt4+1 = X(gt, Xt CIt)

ger1 = (&, xt, Gt)

ge+1 = P(er)
€ = e(gtv Qt)
@ gy = the fraction of the quality type in the population at time t
Human Adaptation & Growth
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Evolutionary GrowthTheory The Dynamical System

Conditional Evolution of Technology and Education

{gt, er; q}‘fzo such that for all t

er = e(gti q)
ge+1 = P(er).
@ g = the fraction of the quality type in the population
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Evolutionary GrowthTheory The Dynamical System

Technological Progress
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Ui ByiesiteE Sysiar
Technological Progress - Flipped Axis

€ 0=V (8)
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Evolutionary GrowthTheory The Dynamical System

Evolution of Education & Technology: Malthusian Equilibrium
The fraction of the “Quality Type” g ~ 0
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Evolutionary GrowthTheory

The Dynamical System

Evolution of Education & Technology: Malthusian Equilibrium
Fraction of the “Quality Type” Increases due to Natural Selection — q > 0

G =Y (8)
6.1 =&(0; 1)

g"(a)

& (@)
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Evolutionary GrowthTheory The Dynamical System

Evolution of Education &Technology: Take-off
Fraction of the “Quality Type” Increases due to Natural Selection beyond §

G =y (&)
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g"(q)

[¢] g"(q) 9

Oded Galor Human Adaptation & Growth March 14, 2024 39 /41



Evolutionary GrowthTheory

Time Path of g & q

The Evolution of the fraction of the Quality Type (q) & TFP Growth (g)
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Ganelellis Remnie
Evolutionary Growth Theory

@ In the pre-demographic transition era
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Evolutionary Growth Theory

@ In the pre-demographic transition era
o Natural selection

e Increased the prevalence of predisposition towards child quality
e Fostering technological progress
o Expediting the demographic transition

o Excelarating the transition from stagnation to growth
o In the post-demographic transition era:

e Predisposition towards child quality declined

e Yet the process is irreversible and economic growth is sustained
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