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Abstract

This study develops a Malthusian model with natural selection of human species.
We explore how population dynamics of one group of humans may cause the ex-
tinction of another group. In our model, different groups of humans engage in
hunting-gathering. The larger group of humans can occupy more land. Therefore,
in a Malthusian economy, the expansion of one population causes the other popula-
tion to shrink. Whether it causes the other population to become extinct depends
on a structural parameter that is the elasticity of the relative share of land with
respect to the relative population size. If this elasticity is below unity, then both
populations converge to their positive steady-state levels. However, if the elastic-
ity is equal to unity, then the population that has a lower fertility cost, stronger
fertility preference, higher hunting-gathering productivity and higher labor supply
converges to a positive steady-state level whereas the other population eventually
becomes extinct.
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1 Introduction

Modern humans, Homo sapiens, have lived on this planet for about 300,000 years.1 Dur-
ing most of their existence, early modern humans shared this planet with other archaic
humans, such as Neanderthals and Denisovans. Neanderthals lived in Eurasia and be-
came extinct about 40,000 years ago,2 whereas Denisovans lived in Asia and possibly
became extinct as late as 20,000 years ago. These human species coexisted with Homo
sapiens and only became extinct some time after the arrival of early modern humans,
who migrated from Africa to Asia and Europe about 50,000 years ago.3 One hypothesis
for their extinctions is the competitive exclusion principle, according to which two species
competing for limited resources cannot coexist and will lead to the extinction of one of
them.
In this study, we develop a Malthusian model of hunting-gathering with natural selec-

tion of different human species. We use this model to explore the conditions under which
population dynamics of one group of humans may cause the extinction of another group of
humans. In our model, the two groups of humans engage in hunting-gathering activities
in a given amount of land. The larger group of humans can occupy a larger area of land.
Therefore, in a Malthusian economy, the expansion of one population causes the other
population to shrink. Whether it causes the other population to become extinct depends
on a structural parameter that is the elasticity of the relative share of land with respect to
the relative population size. If this elasticity is less than unity, then the two populations
converge to their steady-state levels, which are both positive. However, if the elasticity
is equal to unity, then the population that has a lower fertility cost, a stronger fertility
preference, a higher level of hunting productivity and a higher supply of labor converges to
a positive steady-state population size whereas the other population eventually becomes
extinct.
The above results have the following implications. Although "Neanderthals supposedly

had superior bodily strength" relative to early modern humans,4 Neanderthals also had
a lower fertility rate according to Trinkaus (2011). Our study provides a formal economic
model that shows how this lower fertility of the Neanderthals could be caused by a higher
fertility cost5 and/or a weaker fertility preference6 (despite their potentially higher hunting
productivity) and give rise to their extinction when competing with early modern humans
for limited resources.7 In our model, early modern humans could afford higher fertility

1See Hublin et al. (2017) and Richter et al. (2017).
2See Higham et al. (2014).
3See Reich (2018).
4See Horan et al. (2005).
5For example, according to Trinkaus (1986), their relatively large pelvic dimensions are possible evi-

dence that Neanderthals had a relatively long gestation length of at least 11 months.
6More precisely, a weaker fertility preference refers to a smaller weight on fertility relative to consump-

tion in the utility function. Given their more muscular bodies and larger brain size than early modern
humans, Neanderthals may have needed a higher level of food consumption; see Lagerlof (2007) who also
argues that the relatively large bodies of Neanderthals had higher metabolism requirements.

7Banks et al. (2008) find that the Neanderthal extinction was preceded by a decrease in their geo-
graphic range due to competition with early modern humans and their expansion in geographic range.
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only by enduring a lower level of consumption, which is consistent with the observation
that early modern humans had less robust skeletons/muscular bodies and a smaller brain
size than Neanderthals.
This study relates to the literature on the economic modelling of natural selection. For

example, Hansson and Stuart (1990) and Rogers (1994) model natural selection of agents
with different time preferences; see Robson (2001) for a survey on this earlier branch of the
literature. A more recent branch of the literature explores how natural selection of differ-
ent agents affects the transition of an economy from pre-industrial stagnation to modern
economic growth; see Galor and Moav (2002) for different quality preferences of fertility,
Lagerlof (2007) for small versus large human bodies and Galor and Michalopoulos (2012)
for different degrees of risk aversion.8 This study complements the interesting studies in
this literature by developing a Malthusian model with natural selection of human species
(with differences in fertility cost, fertility preference, hunting productivity and labor sup-
ply) to explore human evolution. As Galor (2020) writes, "[i]t is virtually impossible to
understand human history without grasping the contributions of these undercurrents [the
size and the composition of the human population] to human evolution".
This study also relates to the literature on mathematical models of Neanderthal ex-

tinction. Flores (1998) develops a mathematical biology model of two interacting species
with the same fertility rate but different mortality rates, in which the higher mortality
rate of Neanderthals gives rise to their eventual extinction.9 Horan et al. (2005) develop
an economic model of two interacting species with different degrees of biological efficiency
(e.g., different levels of hunting-gathering productivity and labor supply), in which the
species with a lower degree of biological efficiency eventually becomes extinct. Then, they
introduce the division of labor and trade into their model and show that although early
modern humans had a lower degree of biological efficiency than Neanderthals, the divi-
sion of labor and trading among early modern humans enabled them to overcome their
biological deficiencies and drive Neanderthals to extinction. A recent study by Degioanni
et al. (2019) uses a matrix population model to show that a decline in the Neanderthals’
fertility rate could have caused their extinction. Our study contributes to this literature
by developing an economic model of Neanderthal extinction, in which fertility decisions
are made by optimizing agents of each species. This microfoundation for the fertility rate
enables us to explore how the fertility preference and the cost of fertility could dominate
hunting-gathering productivity and labor supply in determining the endogenous fertility
rates of different species and the possible extinction of some of them.
This study also relates to the literature on pre-industrial hunting-gathering economies;

see Smith (1975), Locay (1989), Baker (2003, 2008), Bulte et al. (2006) and Chu (2022).
Studies in this literature often focus on the evolution of human society from hunting-
gathering to agriculture (i.e., the Neolithic Revolution); see Weisdorf (2005) for a survey.
The model in this study extends Locay (1989) and Baker (2008) by introducing multiple

8See Galor (2005, 2011) for comprehensive reviews on unified growth theory and Ashraf and Galor
(2018) for an overview of a more recent literature on the macrogenoeconomics of comparative development.

9Diamond (1992) also argues that the shorter lifespan of Neanderthals may have mitigated their ability
to accumulate social capital. However, Trinkaus (2011) does not find any difference in the mortality rates
across samples of early modern humans and Neanderthals.
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human species in the hunting-gathering era. Complementing their interesting studies, we
focus on the earlier transition from multiple human species to the dominance of early
modern humans in the hunting-gathering Malthusian economy. One can reintroduce an
agricultural production function as in Locay (1989) and Baker (2008) to model the sub-
sequent transition from hunting-gathering to an agricultural economy, which would be
identical to these previous studies once the hunting-gathering Malthusian era is left with
early modern humans.10 Then, one can further introduce an industrial production func-
tion as in Chu (2022) to also model the transition from agriculture to a modern industrial
economy, in addition to the Neolithic Revolution.
The rest of this study is organized as follows. Section 2 develops the model. Section 3

explores population dynamics under different conditions and discusses the relation of our
results to existing hypotheses. Section 4 considers an extension with an arbitrary number
of populations. Section 5 concludes.

2 A Malthusian model with natural selection

We consider a simple Malthusian model of hunting-gathering. There are two groups of
humans indexed by i ∈ {a, s}.11 The human group s denotes Homo sapiens, whereas
the human group a refers to a group of archaic humans, such as the Neanderthals. Both
groups of humans are hunter-gatherers. There is a fixed amount of land Z, and the larger
group of humans occupies a larger share of land. We use a parameter φ ∈ [0, 1] to capture
how sensitive the relative share of land is to the relative population size.

2.1 Endogenous fertility

In each human group i ∈ {a, s}, there are N i
t agents at time t. We consider overlapping

generations of agents. Each agent lives for two periods. Each adult agent of group i at
time t has the following utility function:12

uit = (1− σ
i) ln cit + σ

i lnnit+1, (1)

where the parameter σi ∈ (0, 1)measures her preference for fertility and nit+1 is the agent’s
number of children, who then become adults at time t+1. Raising children is costly, and
the level of consumption cit net of the fertility cost is given by

cit = y
i
t − βn

i
t+1, (2)

10The Neanderthal extinction occurred up to 28,000 years before the Neolithic Revolution.
11In Section 4, we extend the number of groups to m ≥ 2 to confirm the robustness of our results.
12One can introduce subsistence consumption ci in utility ui

t
= (1− σi) ln(ci

t
− ci) + σi lnni

t+1. In this
case, all our results are robust. Furthermore, an increase in ci reduces the steady-state level of population
i under φ ∈ [0, 1). Also, it raises the steady-state level of population j under φ ∈ (0, 1) and reduces the
chance of population i surviving in the long run under φ = 1. Derivations are available upon request.
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where the parameter β > 0 determines the cost of fertility and yit is the per capita level
of food production in group i.
Substituting (2) into (1), we derive the utility-maximizing level of fertility nt+1 as

nit+1 =
σi

βi
yit (3)

and cit = (1 − σi)yit. Each adult agent in group i has n
i
t+1 children, and the number of

adult agents at time t is N i
t . Therefore, the law of motion for the adult population size

of group i is

N i
t+1 = n

i
t+1N

i
t =

σi

βi
yitN

i
t , (4)

and its growth rate at time t is

∆N i
t

N i
t

≡
N i
t+1 −N

i
t

N i
t

=
σi

βi
yit − 1, (5)

which will be simply referred to as the population growth rate of group i.

2.2 Hunting-gathering

Total food production from hunting-gathering in human group i ∈ {a, s} is given by

Y it = θ
i(liN i

t )
γ(Zit)

1−γ, (6)

where liN i
t and Z

i
t are respectively the total amount of labor and land devoted to hunting-

gathering by group i. Individual labor supply li > 0 is exogenous. The parameters θi > 0
and γ ∈ (0, 1) measure respectively the productivity and labor intensity of the hunting-
gathering process. Each agent in group i receives yit units of food production given by

yit ≡
Y it
N i
t

=
θi(liN i

t )
γ(Zit)

1−γ

N i
t

= θi(li)γ
(
Zit
N i
t

)1−γ
, (7)

which is decreasing inN i
t due to the decreasing returns to scale in hunting-gathering labor.

2.3 Land division

Given the population sizes of groups i and j, the amount of land occupied by human
group i is specified as follows:

Zit =
(N i

t )
φ

(N i
t )
φ + (N j

t )
φ
Z, (8)

where φ ∈ [0, 1] and the parameter Z > 0 denotes the total amount of land. This
specification captures resource competition between the two groups of humans. If φ = 0,
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then the amount of land is equally divided between the two groups, such that Zit = Z/2.
As φ increases, the ratio of land becomes more sensitive to the population ratio:

Zit
Zjt
=

(
N i
t

N j
t

)φ
, (9)

which shows that φ ∈ [0, 1] is the elasticity of the land ratio with respective to the
population ratio.13

3 Population dynamics

Given an initial level of population N i
0, the population growth rate of human group i is

∆N i
t

N i
t

=
σi

βi
θi(li)γ

[
(N i

t )
φ

(N i
t )
φ + (N j

t )
φ

Z

N i
t

]1−γ
− 1, (10)

which uses (5), (7) and (8). There are three scenarios: φ = 0, φ ∈ (0, 1), and φ = 1.

3.1 Population dynamics without resource competition

First, we consider φ = 0. In this case, the dynamics of the two populations becomes
independent, and (10) simplifies to

∆N i
t

N i
t

=
σi

βi
θi(li)γ

(
Z

2N i
t

)1−γ
− 1. (11)

Given any initial level N i
0, the population size N

i
t converges to a unique and stable steady

state:

N i =

[
σi

βi
θi(li)γ

]1/(1−γ)
Z

2
, (12)

which shows that the steady-state level of population i is decreasing in its fertility cost βi

but increasing in its fertility preference σi, hunting productivity θi, labor supply li and the
total amount of land Z. Here the positive effects of hunting productivity θi, labor supply
li and land Z on fertility capture the Malthusian mechanism. Imposing ∆N i

t = 0 on (5)
yields the steady-state level of food output per capita given by yi = βi/σi and the steady-
state level of consumption per capita given by ci = (1−σi)yi = βi(1−σi)/σi. The steady-
state levels of food output and consumption per capita are increasing in fertility cost βi

and decreasing in fertility preference σi due to their respective effects on the steady-state
population size, which negatively affects output per capita given the decreasing returns
to scale in hunting-gathering labor. We summarize all these results in the following
proposition.

13If φ > 1, then population dynamics would become unstable.
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Proposition 1 If φ = 0, then the dynamics of the two populations is independent of
each other. Given any N i

0, the population size N
i
t converges to a unique and stable steady-

state level, which is decreasing in fertility cost βi but increasing in fertility preference σi,
hunting productivity θi, labor supply li and the amount of land Z. The steady-state levels
of food output and consumption per capita are increasing in fertility cost βi and decreasing
in fertility preference σi.

3.2 Population dynamics with resource competition

Second, we consider φ ∈ (0, 1). In this case, the dynamics of the two populations depends
on each other. Setting ∆N i

t = 0 in (10) yields

N i =

[
σi

βi
θi(li)γ

]1/(1−γ)
(N i)φ

(N i)φ + (N j)φ
Z, (13)

which can be re-expressed as

N j =

{[
σi

βi
θi(li)γ

]1/(1−γ)
Z

(N i)1−φ
− (N i)φ

}1/φ
. (14)

Similarly, setting ∆N j
t = 0 would yield

N i =

{[
σj

βj
θj(lj)γ

]1/(1−γ)
Z

(N j)1−φ
− (N j)φ

}1/φ
. (15)

Figure 1 plots (14) and (15) along with the dynamics of N i
t and N

j
t in a phase diagram.

Figure 1: Phase diagram for φ ∈ (0, 1)
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Figure 1 shows that given any initial levels of population N i
0 and N

j
0 , the population

size N i
t converges to a unique and stable steady-state value given by

N i =

[
σi

βi
θi(li)γ

]1/(1−γ) [

1 +

(
N j

N i

)φ]−1
Z, (16)

where the population ratio is given by

N i

N j
=

[
σiθi

σjθj

(
li

lj

)γ
βj

βi

]1/[(1−γ)(1−φ)]
. (17)

As before, the steady-state level of population i is decreasing in its own fertility cost βi

and increasing in its own fertility preference σi, hunting productivity θi, labor supply li

and the total amount of land Z. Interestingly, the steady-state level of population i is
increasing in the other population’s fertility cost βj and decreasing in their fertility prefer-
ence σj, hunting productivity θj and labor supply lj. Intuitively, as the other population
j becomes larger, the amount of land captured by population i becomes smaller, which in
turn reduces its population size in this Malthusian economy. However, both populations
continue to coexist in the long run. As before, we impose ∆N i

t = 0 on (5) to derive the
steady-state level of food output per capita as yi = βi/σi and the steady-state level of
consumption per capita as ci = βi(1 − σi)/σi, which are both increasing in own fertility
cost βi and decreasing in own fertility preference σi for the same reason as before. We
summarize all these results in the following proposition.

Proposition 2 If φ ∈ (0, 1), then the dynamics of the two populations depends on each
other. Given any N i

0 and N
j
0 , each population size N

i
t converges to a unique and stable

steady-state level N i, which is decreasing in its own fertility cost βi but increasing in its
own fertility preference σi, hunting productivity θi, labor supply li and the total amount
of land Z. The steady-state population level N i is also increasing in the other population

j’s fertility cost βj and decreasing in their fertility preference σj, hunting productivity θj

and labor supply lj. The steady-state levels of food output and consumption per capita are
increasing in own fertility cost βi and decreasing in own fertility preference σi.

3.3 Population dynamics with population extinction

Third, we consider φ = 1. In this case, (10) simplifies to

∆N i
t

N i
t

=
σi

βi
θi(li)γ

(
Z

N i
t +N

j
t

)1−γ
− 1, (18)

which shows that
∆N i

t

N i
t

>
∆N j

t

N j
t

⇔
σi

βi
θi(li)γ >

σj

βj
θj(lj)γ. (19)

8



Without loss of generality, let’s assume that σiθi(li)γ/βi > σjθj(lj)γ/βj. Setting ∆N i
t = 0

in (18) yields

N j =

[
σi

βi
θi(li)γ

]1/(1−γ)
Z −N i. (20)

Similarly, setting ∆N j
t = 0 would yield

N i =

[
σj

βj
θj(lj)γ

]1/(1−γ)
Z −N j. (21)

Figure 2 plots (20) and (21) along with the dynamics of N i
t and N

j
t in a phase diagram.

Figure 2: Phase diagram for φ = 1

Figure 2 shows that given any initial levels of population N i
0 and N

j
0 , the population

sizes {N i
t , N

j
t } always converge to {N

i, 0}. Suppose ∆N i
0/N

i
0 > ∆N j

0/N
j
0 > 0 at the

initial population levels {N i
0, N

j
0}. Then, the two populations are both initially growing.

As both N i
t and N

j
t increase, their growth rates decrease over time. Eventually, ∆N

j
t /N

j
t

becomes negative while ∆N i
t/N

i
t remains positive. At this stage, the size N

i
t of population

i keeps rising whereas the size N j
t of population j shrinks over time. In the long run, the

size N j
t of population j shrinks towards zero at which point the size N

i
t of population i

converges to the following steady state:

N i =

[
σi

βi
θi(li)γ

]1/(1−γ)
Z, (22)

which as before is decreasing in the fertility cost βi but increasing in fertility preference
σi, hunting productivity θi, labor supply li and the total amount of land Z.
The transition path of consumption per capita is given by

cit = (1− σ
i)yit = (1− σ

i)θi(li)γ
(

Z

N i
t +N

j
t

)1−γ
, (23)
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which is increasing in hunting productivity θi and labor supply li but decreasing in fer-
tility preference σi. Given the survival of Homo sapiens and the extinction of other
archaic humans, our model requires σsθs(ls)γ/βs > σaθa(la)γ/βa. Evidence suggests
that Neanderthals had more robust skeletons and muscular bodies, which may imply
θa(la)γ > θs(ls)γ. These two conditions together imply that σs/βs must be significantly
larger than σa/βa in order for early modern humans to have a higher fertility rate than
Neanderthals. In other words, the lower fertility of the Neanderthals could be caused by
their higher fertility cost βa and/or their weaker fertility preference σa despite their po-
tentially higher hunting productivity θa(la)γ. However, early modern humans could afford
higher fertility only by enduring lower consumption. Therefore, Neanderthals should have
enjoyed a higher level of consumption than early modern humans before their extinction
(i.e., cat > c

s
t for all t before N

a
t → 0).

We summarize all the above results in the following proposition.

Proposition 3 If φ = 1, then the dynamics of the two populations depends on each
other. Suppose σiθi(li)γ/βi > σjθj(lj)γ/βj. Then, given any N i

0 and N
j
0 , the size N

j
t of

population j converges to zero whereas the size N i
t of population i converges to a unique and

stable steady-state level N i, which is decreasing in its own fertility cost βi but increasing
in fertility preference σi, hunting productivity θi, labor supply li and the total amount of
land Z. Given N i

t and N
j
t , the transition path of per capita consumption c

i
t is increasing

in hunting productivity θi and labor supply li but decreasing in fertility preference σi. The
population that has a larger (1− σi)θi(li)γ enjoys a higher transition path of consumption
until one of the populations becomes extinct.

3.4 Discussion

In addition to the competitive exclusion principle, there are also other hypotheses of Nean-
derthal extinction. In this section, we discuss how our results relate to these hypotheses
and how they can be demonstrated within our model. One hypothesis of Neanderthal
extinction is that the arrival of early modern humans brought with them diseases that
Neanderthals had no immunity to.14 According to Higham et al. (2014), early modern
humans and Neanderthals had an overlap of 2,600-5,400 years in Europe. Therefore, any
potential diseases transmitted from early modern humans to Neanderthals did not rapidly
cause a deadly epidemic but only gradually reduced the population growth rate of Ne-
anderthals either via a higher mortality rate and/or a lower fertility rate. According to
Trinkaus (2011), Neanderthals seemed to have a similar mortality rate but a lower fertil-
ity rate than early modern humans. In this case, an increase in the difficulty of fertility
for the Neanderthals potentially caused by transmittable diseases can be captured by an
increase in their fertility cost parameter in our model.

14See Houldcroft and Underdown (2016).
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Another hypothesis is the lack of division of labor between the sexes of Neanderthals.15

According to this hypothesis, both male and female Neanderthals engaged in hunting-
gathering. In this case, their opportunity cost of fertility would be higher than that
of early modern humans. Our model can also capture this scenario by assuming that
Neanderthals had a larger fertility cost parameter than early modern humans.
Furthermore, the domestication of the dog by early modern humans may have im-

proved their hunting efficiency.16 This scenario can be captured by an increase in early
modern humans’ hunting productivity parameter in our model. Similarly, climate change
or natural catastrophe (e.g., volcanic eruptions) that led to a decline in large mammals
mainly eaten by the Neanderthals can be captured by a decrease in Neanderthals’ hunting
productivity parameter in our model. Early modern humans were less affected by this
change as they seemed to be more capable of prey-shifting and hunting smaller preys,
such as rabbits.17

Harsh climatic conditions caused the relatively small population of Neanderthals to
isolate into even smaller groups and engage in inbreeding practices.18 Inbreeding in turn
led to reduced fertility and possibly extinction. This scenario can be captured by a
decrease in the Neanderthals’ fertility preference parameter in our model.
Another hypothesis is that violence or warfare between early modern humans and Ne-

anderthals gave rise to the extinction of the latter.19 Although our theoretical framework
does not model violent competition, the parameter φ captures resource competition. If
φ = 0, then the two species do not compete with each other over natural resources. The
larger the value of φ, the more intense the competition is. If φ = 1, then the competition
is so intense that the less fertile species (whether this lower fertility is due to weaker
fertility preference, higher fertility cost, lower hunting productivity, lower labor supply,
or any combination of them) would eventually become extinct.
Finally, there is also the hypothesis of Neanderthal extinction caused by interbreeding

with early modern humans, which however seemed to be a minor contributor according to
Timmermann (2020). In order for interbreeding to cause Neanderthal extinction, it must
be the case that hybrids who carried more Neanderthal genes were significantly less fertile.
Although our model does not capture interbreeding, one can think of this scenario as more
Neanderthal genes translating to a higher fertility cost or a weaker fertility preference.

4 Multiple groups of human species

In addition to Neanderthals and Denisovians, there were several other archaic humans,
such as Homo heidelbergensis and Homo rhodesiensis, who likely coexisted with early
modern humans. Furthermore, there is evidence that Neanderthals and Denisovians in-

15See Kuhn and Stiner (2006).
16See Shipman (2012).
17See Fa et al. (2013).
18See Rios et al. (2019) and Vaesen et al. (2019).
19See Longrich (2020).
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teracted with early modern humans.20 Therefore, in this section, we extend the number of
interacting groups from two to m ≥ 2. In this case, the land-division rule in (8) becomes

Zit =
(N i

t )
φ

∑m
j=1(N

j
t )
φ
Z, (24)

where i ∈ {1, ...,m}. Given (24), the population growth rate of group i in (10) becomes

∆N i
t

N i
t

=
σi

βi
θi(li)γ

[
(N i

t )
φ

∑m
j=1(N

j
t )
φ

Z

N i
t

]1−γ
− 1. (25)

The rest of the model is the same as before. Once again, There are three scenarios to
consider: φ = 0, φ ∈ (0, 1), and φ = 1.
First, we consider φ = 0. In this case, the dynamics of the m groups is independent

of each other, and (25) simplifies to

∆N i
t

N i
t

=
σi

βi
θi(li)γ

(
Z

mN i
t

)1−γ
− 1. (26)

Given any initial level N i
0, the population size N

i
t converges to a unique and stable steady

state:

N i =

[
σi

βi
θi(li)γ

]1/(1−γ)
Z

m
, (27)

which shows that N i is decreasing in the number m of groups and fertility cost βi but in-
creasing in fertility preference σi, hunting productivity θi, labor supply li and the amount
of land Z. All these results are the same as before, except for the new finding that as the
number m of groups increases, the steady-state population size of each group shrinks.
Second, we consider φ ∈ (0, 1). In this case, the dynamics of the m populations

depends on each other. Setting ∆N i
t = 0 in (25) yields

N i =

[
σi

βi
θi(li)γ

]1/(1−γ)
(N i)φ∑m
j=1(N

j)φ
Z =

[
σi

βi
θi(li)γ

]1/(1−γ) [ m∑

j=1

(
N j

N i

)φ]−1
Z, (28)

where the population ratio is given by

N i

N j
=

[
σiθi

σjθj

(
li

lj

)γ
βj

βi

]1/[(1−γ)(1−φ)]
. (29)

Given any initial levels N i
0 for i ∈ {1, ..,m}, N

i
t converges to the unique and stable steady

state N i in (28). As before, N i is decreasing in own fertility cost βi and increasing in own
fertility preference σi, hunting productivity θi, labor supply li and the amount of land
Z. Also, N i is increasing in other groups’ fertility cost βj but decreasing in their fertility

20See Pennisi (2013).
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preference σj, hunting productivity θj and labor supply lj. Interestingly, all m groups
coexist even in the long run, which unfortunately is not the case in reality.
Third, we consider φ = 1. In this case, (25) simplifies to

∆N i
t

N i
t

=
σi

βi
θi(li)γ

(
Z

∑m
j=1N

j
t

)1−γ
− 1. (30)

Let’s assume that σiθi(li)γ/βi > σjθj(lj)γ/βj for all j 6= i. In this case, given any N j
0 for

j ∈ {1, ..,m}, the population sizes {N j
t } for all j 6= i converge to 0 whereas N

i
t converges

to

N i =

[
σi

βi
θi(li)γ

]1/(1−γ)
Z, (31)

which as before is decreasing in fertility cost βi but increasing in fertility preference σi,
hunting productivity θi, labor supply li and the amount of land Z. More importantly,
only the population that has the largest σiθi(li)γ/βi survives in the long run and all other
populations eventually become extinct. This scenario is consistent with the reality that
Home sapiens is the only surviving human species.

5 Conclusion

In this study, we have developed a Malthusian model with natural selection of human
species and applied this microfounded theoretical framework to explore the population
dynamics of interacting human species. Given the scarcity of natural resources and the
ability of the larger group of humans to capture more natural resources, the expansion of
one population causes the other population to shrink in a Malthusian economy. However,
the less fertile population does not necessarily become extinct. Whether the extinction
of a species occurs depends on the elasticity of the relative share of land with respect to
the relative population size, which captures the intensity of resource competition. If this
elasticity is below unity, then the two populations coexist even in the long run. However, if
the elasticity is equal to unity, then the less fertile population eventually becomes extinct
due to the high intensity of resource competition.
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