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It may thus serve a ruler’s reproductive interests to be subject to an institu-
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1 Introduction

In a world with big gaps between men in incomes, wealth, status, consump-
tion, etc., one would expect to see an unequal distribution of women too.
That is, one would expect to see polygynous mating and marriage.!

We arguable do not observe this in the Western World today, despite big
income gaps. Even the richest and most powerful men do not take more than
one wife at a time. Many rich men do remarry (so-called serial monogamy),
or have extramarital affairs, but they do not monopolize several hundred
young and fertile women at a time in huge harems, as the rulers of ancient
civilizations did.

Gould, Moav, and Simhon (2003) label this the Mystery of Monogamy.
Their explanation centers on the quality-quantity trade-off in children. In
a world where the returns to quality (e.g., education) of children is high,
men may choose a relatively modest quantity of offspring, and prefer one
well-educated wife to carry them.

This explanation works well when comparing incomes of most men. How-
ever, the richest few percent still take only one wife, despite being able to
attract (and have children with) many women, and still invest large amounts
in each child.

Here I propose a complementary explanation, using a model with en-
dogenous violence. I show that it may be in the reproductive interest of an
incumbent ruler to marry fewer women than would like to marry him.

Both men and women maximize their expected number of surviving off-
spring. Women do so by choosing a man with abundant resources to invest
in their offspring; men by attracting as many women as possible, which they
in turn do by acquiring resources in competition with other men.

A sizeable fraction of all resources are concentrated in the hands of one

man, the “King.” Other men can either be content with an equal share of

Polygyny means that one man can take several wives. The term polygamy formally
includes polyandry (a woman taking several husbands), which is exceedingly rare among

human societies.



the remaining resources (and the women they can attract with these), or try
to challenge the King in a rebellion. With his wealth the King is in principle
able to attract many women, but if he exercises this ability other men end
up starved of reproductive opportunities, and thus more inclined to rebel.
This may reduce the King’s chances of staying alive and in power, and thus
potentially his expected number of offspring. A King can thus improve his
reproductive success by marrying fewer women than his wealth can attract.
Monogamy — or “constrained polygyny,” as we shall call it — functions as a
pacifying institution.

We examine how the degree of constraint on polygyny depends on the
details of the timing of the game. If the incumbent King has the power to
impose a law, or institution, which limits not only the number of wives he
can take, but also that of a successful rebel who ousts him, the King will
choose to be more constrained than if he cannot.

The model contains a sort of “scale effect.” Larger population implies a
larger number women, making the (single and despotic) King able to attract
more wives. This in turn makes the returns to rebellion higher, and polygyny
must therefore become more constrained to pacify the subjects. The model
thus generates an endogenous transition to from less to more constrained
polygyny in response to expanding population, consistent with the historical
record.

The rest of this paper is organized as follows. Next, Section 2 discusses
some existing literature. Section 3 sets up the model. Section 4 examines the
dynamic implications, showing how (technology-driven) population growth
can generate transitions to more constrained polygyny. Section 5 discusses

some extensions, and Section 6 gives a concluding discussion.

2 Existing literature

Despite a big literature on marriage institutions, few papers have addressed

the Mystery of Monogamy, i.e., what causes unequal societies to be monog-



amous. The exception is Gould et al. (2003), discussed above.?

My own earlier work (Lagerlof 2005) explains how an increase in equal-
ity and can lead to the emergence of monogamy, which obviously does not
address the Mystery itself.?

Many other papers on marriage forms are related, but do not address the
Mystery itself. For example, Tertilt (2005) explains African underdevelop-
ment by widespread polygynous marriage forms, but not why polygyny is
so common in Africa. In my model, polygyny is more common (or tends to
be “less constrained”) in societies with small populations, thus potentially
explaining polygyny in Africa, which has long been a relatively sparsely pop-
ulated continent.

Edlund and Lagerlof (2006) make a distinction between so-called love and
arranged marriage forms, but do not explain changes in marriage forms along
the polygyny-monogamy dimension.

Other related papers, which do not address the Mystery as such, include
Bergstrom (1994a,b) and Guner (1999, Section 5.2).

There is also a political-economy literature on the rise of democracy,
and the extension of the franchise (e.g., Acemoglu and Robinson 2000a,b,c).
Some of the mechanisms modelled there may relate to the way in which a
ruler in our model can benefit from a more equal distribution of women and
the associated lower risk of a rebellion.

Outside the field of economics a large amount of work discusses why
some societies are more monogamous than others. See, in particular, the
work of Laura Betzig (1986, 1992, 1993, 1995, 2002); Wright (1994) gives a

nice overview. The overall conclusion in that literature is that polygyny is

2Becker’s (1991, p. 95) Treatise on the Family presents some informal reasoning along

the lines of Gould et al. (2003).
31 maintain that part of the explanation behind the rise of monogamy in the Western

World may have been an increasingly equal distribution of land, power, and incomes
between men. However, one cannot deny that a Mystery remains. As argued already,
observed income gaps today between different men who marry only one wife (say, Bill

Gates and the average economics professor) are very big indeed.



a phenomenon of inequality among men. In early human civilizations it was
the despotic ruler, and a small elite of men around him, who could take more
than one wife; most marriages were monogamous. As a corollary, polygynous
societies have tended to be strongly despotic and hierarchical.

Rulers with many wives (and/or sex partners) have also had far more
offspring than the average man. This is well documented not only in work by
anthropologists (like Betzig cited above); geneticists have found that about
8% of the male population in Central Asia today are descendents of Genghis
Kahn (Zerjal et al. 2003). This should imply a high return in terms of
reproductive success from becoming the ruler, suggesting both high rewards
to male violence, and that reproductive equality can serve as a pacifying
force.

The idea that the world today is one of “constrained” polygyny, rather
than monogamy in a strict or conventional sense, is consistent with the ob-
servation that richer and more powerful men still tend to have more sex
(Perusse 1993).

3 The Model

Consider a two-sex overlapping-generations model, where agents live as adults
and (passive) children. In any given period, there is a continuum of P (adult)
men, and equally many women. (An unbalanced sex ratio does not change
the results if that ratio is exogenous.)

The size of the (adult male or female) population in the next period is
denoted P’, and similarly for other variables. Up until Section 4 we can
interpret the model as being static, since all analysis refers to one period.

Agents maximize their reproductive success (fertility). We assume that
agents (both men and women) are risk neutral with respect to their number of
offspring, in the sense that they maximize ezpected fertility. Such preferences
are consistent with what we should expect natural selection to have endowed
us with (Robson 1996).



Women are essentially “baby plants,” whose input is food and output is
children. A woman who receives an amount of food ¢ from her mate gives
birth to

n(c) = ¢, (1)

(surviving) children, where p € (0,1).

Note that the food input is supplied by the men; women have no incomes
of their own. Moreover, there is no paternal uncertainty, so a man knows he
is the father of his offspring and thus invests all his income in the women he
mates with. (Adults do not consume.)

Due to the diminishing marginal product in child production of each
woman in (1), every man equalizes his income (the food he procures) among
the women he mates with. In other words, if a man has income y, and w
wives, each of his wives rears n(y/w) = (y/w)” children; the man fathers
wn(y/w) = yPw!' = children in total.

There is one unit one land, a fraction 1 — w of which belongs to a single
male agent, referred to as the King. Since he is one single agent, and the
other men are a continuum, the King carries zero measure.

The amount of food generated by the unit land endowment is A, which
may be thought of as the level of technology. Thus, the King’s income equals
(1 —w)A (if he is not ousted, as explained below).

Those men who are not the King, referred to as subjects, can either be
peaceful of rebel against the King. The land not held by the King, which
produces wA units of food, is shared equally among those subjects who are
peaceful. Let x be the fraction of the P subjects who choose to be peaceful.
A peaceful subject’s income thus equals wA/xP.

As explained, men invest all their incomes in child production. Let ¢
denote the investment a woman receives if she chooses to mate with a peaceful
subject, and ¢ what she receives if mating with the King. Let z denote the
fraction of all P women who choose to mate with a peaceful subject. Then

¢® equals income per peaceful subject, divided by the number of women per



peaceful subject, i.e.,
wd A
S P w_ (2>
B P
This is just total non-King income divided by the number of women marrying
subjects.
Using the same logic, we can derive an expression for the food a woman
receives if mating with the King, ¢®. This simply equals total income of the
King, (1 —w)A, divided by the total number of women mating with him:

R )

3.1 Women

Consider now how women behave on the marriage market. Like men, they
maximize their expected number of offspring, which depends on their mates’
incomes, and the total number of wives that their respective mates take. If
women cannot be forced to join the King’s harem, then the number of children
per harem woman must not fall below what she would have if marrying a
subject. The implication, summarized by the proposition below, is that the

distribution of women simply mirrors that of resources.
Proposition 1 n(cf) > (<)n(c%) if, and only if, z > (<)w.

The proof is in the Appendix.

From the King’s perspective, n(c) > n(c®) constitutes a participation
constraint, stating that women must not want to marry a subject instead.
This constraint need not bind: the King may choose to marry fewer women
than he can attract (i.e., setting z > w), in which case harem membership
must be rationed among women. If so, we may assume that women are

allocated harem membership through a lottery.



3.2 Subjects

As described, subjects maximize their expected number of children. If peace-
ful, the average subject has z/x wives (a number typically less than one, but
we abstract from integer restrictions; or we can think of this as the proba-
bility that he marries one woman). From (1) and (2) we see that each of
the z/x wives rears (wA/zP)? children. The subject’s expected number of
children, if he chooses to be peaceful, thus becomes (z/x) x (wA/zP)?.

A subject who chooses to rebel faces a stochastic outcome: he either
gets killed, or he becomes the new King. Let the function G(R) denote the
probability that the King is ousted and killed. This probability is a non-
decreasing function of R = (1 — z)P, i.e., the number of rebels (recall that
x P subjects are peaceful). The probability of becoming the new King if the
incumbent King is killed equals 1/R, so the unconditional probability of a
rebelling subject becoming the new King is G(R)/R.

If a rebel wins and becomes the new King he may in principle choose a
number of wives independently of that which the incumbent had chosen. Let
1 — Z denote the fraction of the women a successful rebel would marry. Each
of his (1 —2)P wives then has ([1 —w]A/[1 — Z]P)? children [see (1) and (3)].

Unsuccessful rebels have no children. Thus, a subject’s excepted number
of children if he chooses to rebel simply equals the probability of becoming
the new King, times the number of children he would have if that happened:
G(R)/R] x (1= )P x ([1 - w]A/[1 - 3 P)r.

Analyzing the subjects’ decisions boils down to comparing two expected
payoffs: that of rebelling, and that of not rebelling. Using the expressions

for the payoffs derived above the equilibrium condition can thus be written:

= (é) > S _gmoq —wparp, @

T P R

If the inequality in (4) is strict when z = 1, all subjects choose to be peaceful
in equilibrium. Alternatively, we can have an equilibrium where all subjects
are indifferent between rebelling and being peaceful, which happens if (4)

holds with equality for some x > 0.



The analysis of the subjects’ behavior is complicated by the fact that
the equilibrium number of rebels, R = (1 — z) P, determines the probability
that the King is ousted, G(R), thus potentially influencing the equilibrium
fraction of the subjects choosing to rebel. We are going to use a specification

for G(R) which ensures that the equilibrium is unique:
G(R) = min{1,eR}, (5)

where € > 0 is an exogenous parameter.

3.3 The King

The King chooses how many women to marry with the aim of maximizing his
expected number of offspring, taking into account how this decision affects
the equilibrium behavior of the subjects. To set up the King’s maximization
problem we must therefore solve for the subjects’ behavior in equilibrium.

There are two ways to do this. One approach is to let the incumbent King,
when choosing his number of wives, also force the successful rebel to choose
the same number of wives. We shall refer to this as the optimal approach
(Section 3.3.1). The other approach is to let the successful rebel choose his
number of wives independently of what the King chooses, which we refer to
as the equilibrium approach (Section 3.3.2).

3.3.1 Optimal constraints on polygyny

Consider first the optimal approach. This means that the King effectively
writes a kind of rule, or constitution, which determines the fraction women
both he and a potentially successful rebel can marry. That is, when the
King chooses z he knows that z equals whatever he sets z to. This is not
necessarily a realistic description of the choices faced by the rulers of any
ancient society (although e.g. religion may have served such a role). How-
ever, the approach is interesting because the results can be compared to the
equilibrium approach later (Section 3.3.2), and it is also analytically much

simpler.



Let S be a variable denoting whether a subject chooses to rebel (S =R),
or be peaceful (S = P). Using the expressions in (4), and setting z = z, we

can then write the subject’s expected number of offspring as:

e (g0 5P,
m(S;z,x, A, P) = (6)
(St (1 (1 —wp 4P S =R

Next define the following:

z: 1 © IR (7>

and

£ 8
1+ (P — 1) (L2)7% (8)

where we note that z is defined only for eP > 1, and that Z > z (if 2 is
defined).

We can now state the following.

Proposition 2 At any given level of z, there exists a unique equilibrium
where the fraction of the subjects being peaceful, x*, is given as follows:
(a) If eP > 1, then

( 1 if z € [2,1),
= (z5) (1:)1_" (ﬁ)f’ if z € [2,Z], ©)
() (=) , =
L () () if z € [0,7].
(b) If eP <1, then
1 if z € [2,1],
" (10)

() (%) ()" if=ez)



The proof is in the Appendix.

Intuitively, a high 2z implies a large fraction women allocated to the peace-
ful subjects (and a low fraction women being taken by the King). This makes
it relatively less tempting to rebel and try to seize power. If z > Z, all sub-
jects are peaceful in equilibrium. If z falls below Z, so many men rebel that
the King is ousted with probability one; note that this can only occur if there
are sufficiently many men to rebel, eP > 1.

Given the equilibrium fraction of the subjects rebelling, we can derive the
probability that the King is ousted.

Proposition 3 At any given level of z, there exists a unique equilibrium
where the probability that the King is ousted, G(R*) = min{1, e[l — z*| P}, is
giwen as follows:

(a) If eP > 1, then

0 if z € [2,1],
GR)={ eP - () " (%) =< 57, (11)
\ 1 if z €10,z].
(b) If eP < 1, then
0 if z € [z,1],
G(R") = (12)
eP — () 7" (%) ifz<€[0,2).

The proof is in the Appendix.

Proposition 3 essentially states that the King is safer if he is constrained
to a lower share of the women (i.e., if z is high) because this pacifies the male
subjects. This is the trade-off that generates an optimal degree of polygyny
for the King. From a reproductive perspective a low z directly benefits the

King, by giving him more women if he stays in power. On the other hand, a

11



low z also lowers the probability he will stay in power, and have any children
at all.
To explore this tradeoff, next we shall derive the King’s expected number

of offspring as a function of z, denoted k(z). First define:
#(z) = (1 —eP)(1 —w)P(1 — 2)' P + wPz". (13)
We can now state the following.

Proposition 4 The King’s exzpected number of offspring in equilibrium, k(z),
is given as follows.
(a) If eP > 1, then

.

(1—2)'P(1 —w)PAPP% if 2 € [, 1],

k(z) = B(2) AP PL=r if z € [2,Z], (14)

0 if z € [0,3].

(b) If eP < 1, then

(1—2)17P(1 —w)PAPPI=F if 2z € [7,1],
k(z) = (15)
o(2)APPL=r if z € [0,%].

Figure 1 illustrates the results in Propositions 2, 3, and 4, by graphing
x*, G(R"), and k(z) against z. As seen, k(z) reaches a maximum at Z, where
z*=1and G(R*) =0.

However, the King chooses z subject to a constraint. Recall from Propo-
sition 1 that the women’s participation constraint states that z > w. Since z
is a fraction it must also hold that z < 1. The King thus seeks to maximize
k(z) subject to z € [w, 1]. Let the optimal choice of z be denoted z*, defined
as

2" = arg max k(z). (16)

z€[w,1]

We then make the following assumption to simplify the analysis.

12



Assumption 1 w > 1/2.
We can now state the following.

Proposition 5 Under Assumption 1, the King’s optimal z is given by
w if eP < 1=,
2* = (17)

_ yibs (1ze)th
z = — —p— ZfﬁP Z 1w
1+(eP)1- (1 “’) —r

The proof is in the Appendix. Assumption 1 ensures that z* = w when
eP <w/(1—-w).

Proposition 5 states that for low levels of population, eP < w/(1 — w),
unconstrained polygyny is optimal, meaning that the King marries as many
wives as he can attract. A low P means that there are relatively few women
around. Thus, becoming the new King, and conquering some fraction of all
women, does not generate a terribly large number of offspring. Therefore, it
is not very tempting for a subject to rebel, even under an institution where
the King is allowed to marry the maximum number of women that he can
attract, 1 — w.

For higher levels of population, e P > w/(1—w), the King is better off with
restricting the number of wives he (and any potentially successful rebel) can
take. The optimal norm from the incumbent King’s perspective is to allocate
just enough women to the subjects so that all of them stay peaceful and the
probability that the King is ousted equals zero; cf. Proposition 2 and 3. This
is what we call constrained polygyny.

The insight in Proposition 5 is illustrated in Figure 2. The position of
k(z) shifts in response to an increase in P, thus pushing the maximum from
ZF=wto =7

Note also that Z is increasing in P. Intuitively, as population grows, the
total number of women that the King can marry grows. This inflates to
reproductive payoff for subjects to seizing power. As a result, the peace-

inducing marriage norm becomes one of more constrained polygyny.

13



3.3.2 Equilibrium constraints on polygyny

In the setting considered thus far we imposed the assumption that the z
chosen by the incumbent King determined the fraction women that a rebel
who successfully ousted the King could marry. That is, a successful rebel
could not alter the marriage norm that the predecessor had decided on.

Now we relax this assumption. As before, z denotes the fraction women
that the King chooses to marry, and z denotes the fraction women an agent
who successfully ousts him would marry. The analytical approach is in prin-
ciple straightforward: the King chooses z, taking as given z; this gives a
best-response function, determining the King’s optimal z for any given z. A
fixed point to that best-response function (denoted 2% below) is the equi-
librium marriage norm.

As before, we let S be a variable denoting whether the subject chooses
to rebel (S = R), or be peaceful (S = P). We can then write the subject’s
expected number of offspring as a function of z and z:

e (4 s =P,
m(S;z,z,x, A, P) =
[M} (1—2)P(1 —w)PAPP'=% if S = R.

(1—z)P
(18)
We next define the following functions of z:
BE) = (1= P (12)77 19)

a(Z) = (1= 2)(eP - )7 (52)77

Note that z in (7) and Z in (8) are fixed points to () and «f(-), respectively.

As before, the equilibrium number of rebels, R* = (1 — 2*) P, determines
the probability that the King is ousted, G(R*). A subject’s decision about
whether to rebel, or not, is given by weighing the excepted number of children
if he is peaceful, against that of rebelling. The equilibrium fraction of the

subjects who choose to be peaceful is derived in the following proposition.
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Proposition 6 At any given levels of z and z there exists a unique equilib-
rium where the fraction of the subjects being peaceful, x*, is given as follows:
(a) If eP > 1, then

( 1 if z € [B(2),1],
v =1 @) ()7 G) i ele@ pE), (20)
() (=) if 2 oz
L 1+(1f;)1_p(ﬁ)p f € [07 (Al)]

1 if z € [B(2), 1],
ot = (21)

() (%) 7 ()" =< 0.56)

The proof is in the Appendix and follows along the same lines as that of
Proposition 2. The only alteration in (20) and (21), compared to (2) and
(3), is that z is replaced by Z in a couple of places.

Given the equilibrium fraction of the subjects rebelling, we can derive the
probability that the King is ousted.

Proposition 7 At any given levels of z and Z, there exists a unique equi-
librium where the probability that the King is ousted, G(R*) = min{l, e[l —
x*| P}, is given as follows:

(a) If eP > 1, then

0 if z € [B(2),1],
GR) =14 eP—(Z) " (2)" ifz€[0(2).5(2), (22)
\ 1 if z €10, a(2)].
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(b) If eP < 1, then

0 if z € [B(2), 1],
G(R*) = (23)

P —(2) " (12)" ifz€0.53).

The proof is in the Appendix.

Proposition 7 states that the King is safer if he constrains himself to a
lower share of the women (i.e., if he chooses a high z). Note that this is true
while holding fixed the potentially successful rebel’s action, z.

We can now derive the King’s expected number of offspring as a function
of z and z, denoted k(z, z). First define:

1 —eP+ <1 fw>p (1fg>1_p] (1—2)"P(1—w)r.  (24)

Note that (24) boils down to (13) when z = Z, i.e., A(z,2) = ¢(2). We can
now state the following.

Az,2) =

Proposition 8 The King’s exzpected number of offspring in equilibrium, k(z,z),
15 given as follows.
(a) If eP > 1, then

(1= 21— wp AP if z € [B(3), 1],

k(z,2) = Az, 2)APPI=r ifz€la(2),8(z), (25

\ 0 if z €10, a(2)].
(b) If eP < 1, then

(1—2)'"P(1 —w)P AP if z € [B(2), 1,
k(z,2) = (26)
Az, 2)ArpPi=r if z €10, 6(Z)].

16



The King chooses z to maximize k(z,2) subject to z € [w, 1], taking as
given z. (Recall the women’s marriage participation constraint, z > w, from
Proposition 1.) The King’s optimal choice of z can then be defined as a
best-response function of z, given by

U(2) = arg m[a)i k(z,Z). (27)
zZ€|w,

We can now define the equilibrium degree of constrained polygyny, 29, as
a fixed-point to W(Z), that is:

PO = g (FQ). (28)
The following assumption is sufficient to ensure that € exists and is unique:
Assumption 2 w > p.
Under Assumptions 1 and 2 we can now state the following.

Proposition 9 There exists a unique equilibrium level of 29, given as fol-
lows:
(a) If P < w/(1 —w), then z2F¢ = w.
(b) If eP > w/(1 — w), then 29 is defined from F(zF9, P) =0, where
w \”
F(z,P)= (22 —1) (E) —(eP—1)2°(1 —2)'*. (29)

Note that the equilibrium and optimal degrees of monogamy coincide
when eP < w/(1 —w) (ie., 2F? = 2* = w). For small population, uncon-
strained polygyny is both the optimal and equilibrium outcome. However,
for larger population it can be seen that polygyny is less constrained in equi-

librium than is optimal:

Proposition 10 For eP > w/(1 —w), the following holds:
(a) 259 < z*.

(b) 259 is a (strictly) increasing function of P.

17



Part (b) states that (once population exceeds a threshold) society be-
comes more monogamous in equilibrium as population expands. [Recall that
the same holds for the optimal degree of monogamy, 2*, as seen from differ-
entiating (17) with respect to P.] Using this relationship, in Section 4 we
examine the endogenous evolution of population, technology, and the mar-
riage system.

To simplify matters, we first show that when p = 1/2, we can derive an

explicit expression for z7@:
Proposition 11 If p =1/2, then

w ifeP <w/(1 —w),

a0 = { i+ /i #eP>w/i-w), (30)

U= (P —1) (1_—°"> | (31)

where

Consistent with Proposition 10, this verifies that z”? is increasing in P

(and U) for eP > w/(1—w), as well as 2% going to one as P goes to infinity.

4 Dynamics

To illustrate the dynamics of this economy we simulate it; see Figure 3. We
assume that the marriage norm in any period equals its equilibrium level,
ie., z = 29 and that technology progresses at an exogenously given rate,
g>0,ie, A= (1+g)A.

Half of all born children are girls, and half are boys. It can then be seen
that the (female and male) population who enter as adults in the next period,
P, is given by
AP pl-r

5

P = ("9 Pwf + (1 - ZEQ)lip (1- W)p] (32)

where 2F? would generally be an implicit function of the state variables A

and P, defined in Proposition 9. The paths generated in Figure 3 refer to
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the simple case when p = 1/2, where we have an explicit expression for zF9;
recall Proposition 11.

Note the Malthusian features of the population dynamics: population
growth, P'/P, is increasing in A and decreasing in P; holding fixed A the
economy would converge to a Malthusian steady state with constant popula-
tion. This Malthusian feature comes from the diminishing marginal product
of labor imposed on the production function for children in (1), i.e., p € (0, 1).

Together with initial conditions, A" = (1 + g)A, (32), (??), and (?7),
define the dynamic paths for A and P, and thus the evolution of z”?. To
upward population path in Figure 3 is driven by rising levels of A. At early
stages of development, when levels of technology and population density are
low, the optimal marriage norm is that of unconstrained polygyny. The King
marries (1 — w)P women.

One day ¢P exceeds w/(1 — w), at which point the equilibrium marriage
form becomes that of constrained polygyny. Note that the optimally con-
strained polygyny, z*, exceeds the equilibrium constrained polygyny, 27%.

As population levels grow further polygyny becomes increasingly con-
strained, i.e., zP9 rises. In the limit, 2% approaches one, and the share of
the women married to the King, 1 — 2F%, approaches zero. In that sense,

society becomes fully monogamous.

5 Extensions

5.1 Sharing land

In the framework used thus far, the fraction of the land held by the subjects,
w, is treated as given. Now consider a setting where the King is allowed to
allocate some of his land to the subjects as a means to pacify them.

Let g denote the fraction of the land that the King allocates to the sub-
jects, himself keeping 1 — ¢. The King cannot take a larger fraction of the

land than 1 —w. (We may think of 1 —w as a maximum tax rate.) Thus,
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the King chooses ¢ on [w, 1].
We follow the approach in Section 3.3.1 above, under which the King
chooses a rule which constrains also a potentially succesful rebel. This rule

now pins down both z and ¢. First define the following function:
U(z,q) = (1= eP)(1—q)* (1 —2)' " +¢°2'7, (33)

where we note from (13) that ¥ (z,w) = ¢(z). Then define

d(q) = T

where we note from (7) and (8) that y(w) =z and d(w) = Z.

That is, if we set ¢ = w this formulation is identical to that in Section
3.3.1. Therefore, Propositions 2, 3, and 4 apply, but with ¢ replacing w. The
only news is essentially that the King’s control variables are now ¢ and z.
Analogously to (14) and (15) we can write the King’s expected number of
offspring, now denoted k(z, q), as follows: for eP > 1,

(

(1 —2)17P(1 — q)rAPPY=" if z € [y(q), 1],

k(z,q) = (2, q) AP0 if z € [0(q),7(q)], (35)

0 if z € [0,0(q)],
and for eP <1,

(I —2)"(1 = q)P AP~ if z € [y(q), 1],
k(z,q) = (36)
U(z,q) AP PP if z € [0,7(q)]-

The King maximizes k(z,¢) over z and ¢ in the choice set

Q={(z9) €[0,1:q¢>w,z>q}, (37)
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where z > ¢ follows from the women’s participation constraint (recall Propositionl

again). Define the King’s optimal levels of z and ¢ as z* and ¢*, i.e.,

(+*.4") = arg max k(z.q). (39)
(z,9) €

We can now state the following.

Proposition 12 Under Assumption 1, z* and q* are given by

: w
w Zfé‘PSE,

eP : w
14eP Zf ep 2 1-w”

The proof is in the Appendix.

The King shares both land and women in order to pacify his subjects.
With the functional forms used here the optimal shares of land and women
allocated to the subjects become identical. Note also that z* and ¢* are
increasing in P. The intuition is the same as when the King shares only
women: the more he shares, the less inclined are the subjects to rebel, and
the need to pacify subjects becomes more acute when population is larger,

because that makes the returns to rebellion higher.

6 Conclusions

There is an ongoing debate in the social sciences over what caused the rise
of monogamy. One proposition has been that monogamy serves to pacify
men. The purpose of this paper has been to set up a formal model of such
a pacifying role of monogamy. The central mechanism is that a more equal
distribution of women makes subjects less inclined to rebel, and thus the ruler
(the King) safer. Monogamy, or rather what we call constrained polygyny,
can be optimal to a King who seeks to maximize his reproductive success.
We consider two ways set up the problem. One is to assume that the King,

when he decides how many wives to take, constrains also any potentially
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successful rebel to take the same number of wives. That is, if the King is
ousted the marriage norm cannot be altered by the new King. This what we
refer to as the optimal approach.

Another (perhaps more realistic) assumption is that the King cannot
influence the number of wives a rebel who successfully ousts him chooses to
marry. However, taking that number as given, the King may still have an
incentive to constrain his own number of wives, and the same holds for a
successful rebel in the same situation. We can thus examine an equilibrium
where the incumbent King, and a potentially successful rebel, choose the
same number of wives. This is what we call the equilibrium approach.

We show that the King chooses a less constrained form of polygyny under
the equilibrium approach compared to the optimal approach. The intuition
is that an incumbent King faces a higher return to constraining himself if he
thereby constrains also the potentially successful rebel. Sharing women with
the subjects make them peaceful not only because it makes them more likely
to get married, but also because a rebelling subject would be forced to share
his women if he became King.

This may suggest why monogamy (or constrained polygyny) is typically
imposed as a law or social norm, rather than chosen at the King’s own
discretion.

This model exhibits a “scale effect” in the reproductive value of being the
King. The larger is population, and thus the number of women, the more
wives the King can attract. Therefore, the returns to rebellion are higher,
and polygyny must be more constrained in order to pacify the subjects.

This has some interesting dynamic implications. Letting technology grow
over time (at some exogenous rate) generates population expansion in a stan-
dard Malthusian fashion, which in turn leads to increasingly constrained
forms of polygyny. The model can in that sense replicate an endogenous rise

of monogamy in the course of long-run development.
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APPENDIX

Proof of Proposition 1: Using (1), (2), and (3) gives z = w. ||

Proof of Proposition 2: There are four possible types of equilibria: (I)
eR*>1,2*=1,(I) eR* > 1, 2" < 1; (II) eR* < 1, 2" = 1; (IV) eR* < 1,
x* < 1. Below we examine for what values of z any one of these equilibria
exists. Also, if equilibria of type I and/or III exist, we examine what x*
equals in that equilibrium.

Equilibria of type I: eR* > 1, 2* = 1. If 2" = 1, then eR* = ¢(1 —
x*)P =0 < 1. We conclude that an equilibrium of type I cannot exist.

Equilibria of type II: ¢eR* > 1, 2* < 1. If eR* > 1, (5) shows that
G(R*) = 1. If z* < 1, agents must be indifferent between rebelling and being
peaceful, i.e., m(P; z, 2%, A, P) = m(R; z,2*, A, P) in (6), setting G(R*) = 1.

We can then solve for a unique z*, which becomes z* = W/(1 + W), where

() (=)

which verifies that z* = W/(1+ W), as stated in (9), and that z* < 1 holds.
For eR* > 1 to hold requires that eR* = (1 — 2*)P = eP/[1+ W] > 1, or
eP —1>W. If eP <1, this never holds (for z > 0). If eP > 1, we see that
eP — 1> W, together with (A1), implies z < Z, where Z, is defined in (8).
We thus conclude that an equilibrium of type II exists if and only if eP > 1

and z < Z.

Equilibria of type IIl: eR* < 1, z* = 1. If eR* < 1, it holds that
G(R*) = eR*. We see right away that 2* = 1 ensures that e R* = e(1—2*)P =
0 < 1. For z* = 1 to hold in equilibrium no agent must strictly prefer to rebel
when z* =1, i.e., m(P; 2,1, A, P) > m(R; 2,1, A, P). Setting G(R*) = eR*
in (6) this implies z > Z, where Z, is defined in (7). We thus conclude that
an equilibrium of type III exists if and only if z > Z.

Equilibria of type IV: eR* < 1, z* < 1. If eR* < 1, it holds that
G(R*) = eR*. If 2* < 1, agents are indifferent between rebelling and being
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peaceful, i.e., m(P;z,z*, A, P) = m(R;z,2*, A, P) in (6), setting G(R*) =
eR*. We can then solve for a unique z*, namely z* = W/(eP), where W is
given by (Al). For * = W/(¢P) < 1 to hold requires that z < Z, where Z, is
defined in (7). For e R* = ¢(1—2*)P < 1 to hold requires e Pz* = W > e P—1.
This always holds if eP < 1. If eP > 1, for W > P — 1 to hold requires
that z > 2, where 2 is defined in (8). We thus conclude that an equilibrium
of type IV exists if and only if the following holds: either eP < 1 and z < Z;
oreP>1and z € (Z,2).

Finally, we note that z* in the equilibria of type II and IV coincide when
z = z, and that z* in the equilibria of type III and IV coincide when z = Z.
It follows that * = W/(eP) when z € [2,Z], as stated in (9). ||

Proof of Proposition 3: The result follows from inserting the expressions
for #* in Proposition 2 into G(R*) = min{1,¢[1 — 2*]P}. ||

Proof of Proposition 4: The King is ousted with probability G(R*), in
which case he is killed and/or leaves no offspring. If he is not ousted, he
has (1 — z) P wives, each of whom has [(1 —w)A/(1 — 2z)P]? children [see (1)
and (3)], so if he is not ousted he has (1 — 2)P x [(1 —w)A/(1 — 2)P]? =
(1 —2)177(1 — w)? AP P~ children. We can thus write his expected number

of children as
1—GR")] x (1- z)l_p(l — w)”A”Pl_p + G(R") x 0. (A2)

Inserting the equilibrium expression for G(R*) in Proposition 3 gives k(z) as

in Proposition 4. ||

Proof of Proposition 5: Consider first the case when ¢P > 1, so that
k(z) is given by (14). Note from (14) that k(z) = 0 for all z < Z, whereas
k(z) > 0 for all z > Z, so z* must be strictly greater than z. Next note from
(13) that (for eP > 1) ¢'(z) > 0. It then follows from (14) that k'(z) > 0
for z € (2,Z), and k'(2) < 0 for z > Z. Thus, k(z) is maximized at z = Z

if w > Z, which holds if eP > w/(1 — w); else k(2) is maximized at z = w.
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Consider next the case when e P < 1, so that k(z) is given by (15). Here we
use Assumption 1, which implies that w/(1 —w) > 1, to note that if eP < 1,
then eP < w/(1 —w), which in turn implies that w > Z. Thus, from (15) we

see that k'(z) < 0 for z € [w, 1], so k(z) is maximized at z = w. ||

Proof of Proposition 6: Like in the proof of Proposition 2, there are four
possible types of equilibria: (I) eR* > 1, 2* = 1; (II) eR* > 1, 2* < 1; (III)
eR* < 1,z = 1; (IV) eR* < 1, 2* < 1. It thus remains to examine for
what values of z and Zz which equilibrium exists. Also, if equilibria of type I
and/or 1T exist, we examine what z* equals in that equilibrium.

Equilibria of type I: eR* > 1, 2* = 1. If 2* = 1, then eR* = ¢(1 —
x*)P =0 < 1. We conclude that an equilibrium of type I cannot exist.

Equilibria of type II: ¢eR* > 1, 2* < 1. If eR* > 1, (5) shows that
G(R*) = 1. If z* < 1, agents must be indifferent between rebelling and
being peaceful, i.e., m(P; z,z, 2%, A, P) = m(R; z,z, 2%, A, P) in (18), setting
G(R*) = 1. We can then solve for a unique z*, which becomes z* = W/(1 +

W), where . ,,
S S

which verifies that 2* = W/(14+ W), as stated in (20), and that z* < 1 holds.
For eR* > 1 to hold requires that eR* = (1 — 2*)P = eP/[1+ W] > 1, or
eP—1>W. If eP <1, this never holds (for z > 0). If eP > 1, we see that
eP —1 > W, together with (A1), implies z < 3(2Z), where (%), is defined
in (19). We thus conclude that an equilibrium of type II exists if and only if
eP>1and z < g(2).

Equilibria of type IIl: eR* < 1, z* = 1. If eR* < 1, it holds that
G(R*) = eR*. We see right away that 2* = 1 ensures that e R* = e(1—2*)P =
0 < 1. For z* = 1 to hold in equilibrium no agent must strictly prefer to
rebel when z* = 1, i.e., m(P;z,2,1,A, P) > m(R;z,z,1, A, P). Setting
G(R*) = eR* in (18) this implies z > «(%), where «(%), is defined in (19).
We thus conclude that an equilibrium of type I1T exists if and only if z > «/(Z).

Equilibria of type IV: eR* < 1, z* < 1. If eR* < 1, it holds that
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G(R*) = eR*. If ¥ < 1, agents are indifferent between rebelling and be-
ing peaceful, i.e., m(P;z,z,2*, A, P) = m(R; z,z,x2*, A, P) in (18), setting
G(R*) = eR*. We can then solve for a unique z*, namely z* = W/(eP),
where W is given by (A3). For 2* = W/(eP) < 1 to hold requires that
z < (%), where ((Z), is defined in (19). For eR* = ¢(1 — 2*)P < 1 to hold
requires e Px* = W > ¢P — 1, which always holds if eP < 1. If eP > 1, for
W > eP — 1 to hold requires that z > «(%), where «(%) is defined in (19).
We thus conclude that an equilibrium of type IV exists if and only if the
following holds: either eP < 1 and z < a(2); or eP > 1 and z € (a(2), 5(%)).

Finally, we note that z* in the equilibria of type II and IV coincide when
z = ((Z), and that z* in the equilibria of type III and IV coincide when
z = «2). It follows that x* = W/(eP) when z € [a(Z), 5(%)], as stated in
(20). ||

~—

Proof of Proposition 7: The result follows from inserting the expressions
for «* shown in Proposition 6 into G(R*) = min{1,¢[l — 2*|P}. ||

Proof of Proposition 8: The King is ousted with probability G(R*), in
which case he is killed and/or leaves no offspring. If he is not ousted, he has
(1 — 2) P wives, each of whom has [(1 — w)A/(1 — z)P]” children, so if he is
not ousted he has (1—2)P x [(1—w)A/(1—2)P]? = (1—2)"P(1—w)P AP P~

children. We can thus write his expected number of children as
[1—G(R")] x (1 —2)""7(1 —w)?APP'? + G(R*) x 0. (A4)

Inserting the equilibrium expression for G(R*) in Proposition 7 gives k(z, z)

as in Proposition 8. ||

Proof of Proposition 9: Recall from (27) and (28) that 2% is a fixed-point
to W(Z), where ¥(Z2) gives the z that maximizes k(z,2), and k(z,2) is given
by (25) or (26).

First note that, if eP > 1, ¥(2) > «a(z). This follows from k(z,z) = 0 for
z < %), and k(z,2) > 0 for z > a(2).
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Next note that W(z) < (z). This follows from k(z, Z) being decreasing
in z for z > §(%).

Therefore, the problem of maximizing k(z, Z) with respect to z has either
a corner solution, ¥(2) = (3(2); or an interior solution. The interior solution
would lie on the interval (a(z), 3(2)] if eP > 1, or (0,5(2)] if eP < 1.

Since k(z,2) = A\(z,2)A?P'* on the relevant interval, the task is thus to
find a z that it maximizes \(z,2) at z = z, where z = Z € |w, 1]. Using (24),
and some algebra, we see that OA(z,2)/0z > (=)0 at z = Z if, and only if,
F(z, P) < (=)0, where F(z, P) is given by (29). Next we note that

o) () [
(A5)

Consider now first case (b), where eP > w/(1 —w) > 1 (since w > 1/2;
see Assumption 1). Recalling Assumption 2 (w > p), we can deduce that the

expression in square brackets in (A5) is negative for all z € [w, 1]. Thus, since
eP —1 > 0, we know that F(z, P) is increasing in z on the interval [w, 1].
It can also be seen that F(w, P) < 0 [which follows from eP > w/(1 — w)],
and F(1, P) = (w/[1 — w])” > 0. This implies that there exists a unique 29
such that F(2F9 P) = 0.

Consider next case (a), where eP < w/(1 —w). We first show that, in
case (a), F'(z,P) > 0 for all z € [w,1]. To see this, note that F(z, P) is
decreasing in P. Thus, if F(z,w/[e(1 —w)]) > 0, then F(z, P) > 0 for all
eP <w/(1 —w). Now define

w 2w —1

H(z)=F(z,w/[e(1 —w)]) = (22— 1) (E) + < - ) 2P(1— 2)' P,

(AG)

We must show that H(z) > 0 for all z € [w,1]. From (A6) we see that is

true, because H(w) = 0, and H'(z) > 0 for all z € [w, 1]; the latter follows
from Assumption 2 (w > p).

We have thus shown that F'(z, P) > 0 for all z € [w, 1]. It is now easy to

verify that: if eP < w/(1 — w), the only equillibirum on [w,1] is 259 = w,
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such that F (29 P) > 0; the special case eP = w/(1 — w) implies that

F(w, P) = 0, so which also gives 2%¢ = w. ||

Proof of Proposition 10: Consider first part (a). For eP > w/(1 — w),
Proposition 9 tells us that z¥¢ is defined from F(2£9, P) = 0, where F(z, P)
is given by (29), and Proposition 5 tells us that z* is given by z in (17).
Under Assumptions 1 (w > 1/2) and 2 (w > p), and for eP > w/(1 —w) > 1,
it can be seen that F(z, P) is strictly increasing in z on |w, 1], ¢f. (Ab5). To
show that 29 < 2* we must show that F(z*,P) = F(z,P) > 0. Using
(17) and (29) we see that F'(z, P) > 0 is equivalent to the following series of

inequalities:

(2L eP >eP -1, (A7)
(1-1)eP> -1,
-1 1 _a
T
epP > ==

Thus, F(z,P) > 0 (and 29 < z*) is equivalent to the stated condition,
eP > w/(1 —w). This proves part (a)

To prove part (b), use F(2P¢, P) = 0 to implicitly differentiate 279 with
respect to P. This gives dzF@/dP = —[0F(z, P)/OP]/|0F (2, P)/0z]. Tt
is straightforward to see that 0F(z, P)/OP < 0. It can also be seen that
OF(z,P)/0z > 0 holds if eP > w/(1 —w) > 1 [recall Assumptions 1 and 2;
see (A5) above]. Thus, dz9¢/dP > 0. ||

Proof of Proposition 11: The proof is done by applying Proposition 9,
setting p = 1/2. For eP < w/(1 —w), 29 = w , as stated in (30). For
eP > w/(1 —w), we use p = 1/2, F(2F?,0) = 0, and the definition of
F(z,P) in (29), to write

(2279 — 1)? = 4 (2Q)" + 1 - 425 = U2PQ(1 - 29 (A8)
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where U is given in (31). Solving the quadratic equation in (A8) for 2£% gives
2P@ = (1/2)[1+/U/(4 +U)], as stated in (30). Note that we can disregard
the solution 29 = (1/2)[1 — \/U/(4 + U)], since it implies 259 < p = 1/2;
for eP > w/(1—w) > 1 (cf. Assumption 1) this would imply F(2F9, P) <0,
which is false by definition. ||

Proof of Proposition 12: Consider first the case when eP > 1, and k(z, q)
is given by (35). Note that k(z,q) = 0 for all z < §(q), so z* must be
strictly greater than §(¢*). It also follows from (35) that 0k(z,q)/0z > 0 for
z € (6(q),7(q)), and 0k(z,q)/0z < 0 for z > v(q). Thus, k(z, q) is maximized
when z = 7(¢). Using (35), the maximization problem then boils down to
maximizing ¥(z, q), subject to z = v(¢) and ¢ € [w, 1]. This in turn amounts
to maximizing 7(q) = ¥(v(q),q) over ¢ € [w, 1]. Using (33), (34), and some

algebra, it can be seen that
1-p
P
1—gq)t-r
wg = | —= ) (A9)

+ (eP)T55 (%) =

The task is now to maximize 7(q), subject to ¢ € |w, 1]. After some algebra,

the first-order condition for an interior solution, 7’(¢q) = 0, gives ¢ = e P/(1+
eP). Using (34) gives the optimal z as v(eP/[1 +¢P]) = eP/(1 +eP). The
problem has an interior solution if eP/(1 +eP) > w, or eP > w/(1 — w).
If instead eP < w/(1 — w), then 7(g) is maximized at ¢ = w. Thus, for
eP < w/(1—w) the model boils down to the one where ¢ was exogenous and
equal to w. From Proposition 5 we then recall that the optimal level of z
equals w.

Consider next the case when e P < 1, and k(z, q) is given by (36). Here we
use Assumption 1, which implies that w/(1 —w) > 1, to note that if eP < 1,
then eP < w/(1 —w). This in turn implies that w > v(q) for all ¢ > w.
[To see this, note that w > y(w) is equivalent to eP < w/(1 — w), and that
7' (q) < 0. Thus, if w > y(w), then w > ~(q) for all ¢ > w.] Now, from (36)
we see that 0k(z,q)/0z < 0 and 0k(z,q)/0q < 0 for (z,q) € [q,1] X [w,1].
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Therefore k(z, q) is maximized at z = ¢ = w. ||

30



References

[1] Acemoglu, D., and J. Robinson, 2000a, Democracy and repression, Eu-

ropean Economics Review Papers and Proceedings 44, 683-693

[2] —, 2000b, Why Did the West Extend the Franchise? Democracy, In-
equality, and Growth in Historical Perspective, Quarterly Journal of
Economics 115, 1167-1199

[3] —, 2000c, Political Losers As a Barrier to Economic Development,

American Economic Review Papers and Proceedings 90, 126-130

[4] Becker, G., 1991, A Treatise on the Family, Cambridge: Harvard Uni-

versity Press

[5] Bergstrom, T.C., 1994a, On the economics of polygamy, manuscript,

University of Michigan and University of California Santa Barbara

[6] —, 1994b, Primogeniture, monogamy, and reproductive success in a
stratified society, manuscript, University of Michigan and University of

California Santa Barbara

[7] Betzig, L.L., 1986, Despotism and Differential Reproduction: A Dar-
winian View of History, New York: Aldine Publishing Company

[8] —, 1992, Roman polygyny, Ethology and Sociobiology 13, 309-349

[9] —, 1993, Sex, succession, and stratification in the first six civilizations,
in Social stratification and socioeconomic inequality, Vol. 1 — a com-

parative biosocial analysis, ed. L. Ellis, Westport, Connecticut: Praeger
Publishers

[10] —, 1995, Medieval monogamy, Journal of Family History 20, 181-215

[11] —, 2002, British polygyny, in Human Biology and History, ed. Malcolm

Smith, London: Taylor and Francis

31



[12]

[15]

[16]

[17]

[18]

[19]

[20]

Edlund, L. and N-P. Lagerlof, 2006, Individual versus Parental Consent
in Marriage: Implications for Intra-Household Resource Allocation and

Growth, American Economic Review Papers & Proceedings 96, 304-307

Gould, E.D., O. Moav, and A. Simhon, 2003, The mystery of monogamy;,

manuscript, Hebrew University

Guner, N., 1999, An economic analysis of family structure: inheri-
tance rules and marriage systems, manuscript, Universidad Carlos III
de Madrid

Lagerlof, N-P., 2005, Sex, equality, and growth, Canadian Journal of
Economics 38, 807-831

Perusse, D., 1993, Cultural and reproductive success in industrial so-
cieties: testing the relationship at the proximate and ultimate levels,
Behavioral and Brain Sciences 16, 267-322

Robson, A.J.; 1996, A biological basis for expected and non-expected
utility, Journal of Economic Theory 68, 397-424

Tertilt, M., 2005, Polygyny, fertility, and savings, Journal of Political
Economy 113, 1341-1371

Wright, R.E., 1994, The Moral Animal. Why We Are the Way We Are:
the New Science of Evolutionary Psychology, New York: Vintage Books

Zerjal, T., Y. Xie, G. Bertorelle, R.S. Wells, W. Bao, S. Zhu, R. Qamar,
Q. Ayub, A. Mohyuddin, S. Fu, P. Li, N. Yuldasheva, R. Ruzibakiev, J.
Xu, Q. Shu, R. Du, H. Yang, M.E. Hurles, E. Robinson, T. Gerelsaikhan,
B. Dashnyam, S.Q. Mehdi, and C. Tyler-Smith, 2003, The genetic legacy
of the Mongols, American Journal of Human Genetics 72, 717-721

32



Fraction subjects peaceful, z*

1k - - —-Prob. King is ousted, G(R*) e f\'\
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Fraction women marrying subjects (2)

Figure 1: Ilustration of the level of z that maximizes k(z).
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Fraction women marrying subjects (z)

Figure 2: Illustration of constrained and unconstrained polygyny. The King chooses a z on the interval
[w, 1].
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Figure 3: Simulation of the paths of P, z*, and 2" over 150 generations.



