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Abstract

We develop a formal equilibrium model to show how a subsistence population organized
around the institution of private property can undergo internal differentiation into wage
laborers and employers. The supply of labor is provided by potential workers facing a familiar
time allocation problem: should they invest their limited endowment of time into food
production on their own land or on land owned by someone else? Demand for labor comes
from potential employers whose labor investments are constrained by the wage rate, which is
set by the market. The well-known requirement of environmental heterogeneity, or variance in
the productivity of private land, is derived analytically from the model. We conclude with some
discussion of how an initially competitive labor market may become less so over time, with
important consequences for the distribution of goods.
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1. Introduction

In neoclassical labor economics, the supply of labor is derived from a potential worker’s utility
function, which takes the form of a trade-off between work and leisure, with work providing
indirect utility through a wage that can be converted into the consumption of goods (Borjas,
2023; Hicks, 1963; Marshall, 1920). The term ‘leisure’ is something of a misnomer, however, as
it does not refer strictly to, say, lounging on a couch or having a barbecue with friends, but
rather to any amount of time invested in non-wage activities. In that very technical sense at
least, the system that prevailed throughout most of human history can be characterized as a
leisure economy, with wage labor being an extremely recent phenomenon, only emerging in
the last ten thousand or so years (Flannery & Marcus, 2012; Graeber, 2014; Kelly, 2016; Kohler
& Smith, 2018). This raises an obvious question: why did work or wage labor suddenly become
a profitable alternative to leisure? And for that matter, where did the wages come from?

Prior to the evolution of labor markets, and probably for a time afterwards, mostly dispersed
and isolated economies were built around pure subsistence, with largely self-sufficient
individuals producing for most or all of their own needs (Childe, 1950; McCool et al., 2025).
There was, of course, variability in the mode of subsistence, from foraging to farming and
everything in between, but within those subsistence modes, specialization was largely absent
from the picture. There were no companies or firms, no cities or states, nor governments and
laws. And financial systems were not available to support the exchange of goods and services,
at least not at the scale and level of organization we see today. This leaves us as theorists in the
somewhat awkward position of having to impoverish our models, taking care not to introduce
complexities that run the risk of circularity, or assuming what we mean to explain.

At the same time, we want to avoid re-inventing wheels, especially big economic wheels like
the labor market model, which has proven to be an endless fount of economic insight (Borjas,
2023). So, this is our modeling task. We take it for granted that labor market roles - specifically,
the roles of employee and employer - are well-defined by the labor market model. We only
seek to explain how individuals within a homogeneous economy, an economy in which
everyone does more or less the same thing, could be persuaded to inhabit those different roles.

2. Background

Our inspiration for this modeling exercise comes from two models of persistent
institutionalized inequality, one proposed by the economists Dow & Reed (2013), the other by
the behavioral ecologists Wilson & Codding (2020). Both models (Dow & Reed, 2023a; 2023b;
Wilson et al., 2023) may be considered variations on the patron-client model (Bell &
Winterhalder, 2014; Boone, 1992; Hooper et al., 2010; 2018; Kennett et al., 2009; Powers &
Lehmann, 2014; Smith et al., 2023; Smith & Codding, 2021; Webster, 1990) as they both rely on
more or less the same underlying optimization argument. It starts with the premise that
individuals will adopt one or the other of the patron-client strategies only if they confer some



competitive advantage, like a boost to subsistence efficiency. However, competition in a
commons should in general flatten the distribution of resources, pushing the marginal gain for
each individual toward the average or per-capita product for the population as a whole. So, a
mechanism is required to maintain differential resource access, and the mechanism that
everyone seems to have landed on is private property, otherwise known in behavioral ecology
as economically defensible resources (Mattison et al., 2016; Smith et al., 2023; Smith & Choi,
2007; Smith & Codding, 2021).

Proponents of the patron-client model will then go on to argue that resources are typically
privatized because they are densely clustered and predictable, as those conditions maximize the
benefits of consumption while minimizing the costs of defense, compressing total energetic
returns into a smaller more easily monitored spatial extent (Brown, 1964; Dyson-Hudson &
Smith, 1978). Obvious examples of resources with these qualities may be found in agricultural
systems where domesticated plants are typically clustered on farming plots and have seasons
of harvest (Bowles & Choi, 2013; 2019), but many types of wild resources may also exhibit
those qualities, like salmon fisheries along the northwest coast of North America (Smith &
Codding, 2026). The important point in either case is that a system of patrons and clients is
unlikely to evolve without private property, which is itself unlikely to evolve without resources
that can be profitably monopolized (Smith & Codding, 2026).

While the patron-client model has found some limited empirical support from the available
ethnographic and archaeological evidence (Smith et al., 2023; Smith & Codding, 2021; Wilson &
Codding, 2020), attempts to formalize the model are rare. Where formalism has shown up, it
usually takes the form of game-theoretic simulation studies using agent based models (Hooper
et al., 2018; Powers & Lehmann, 2014; Wilson et al., 2023) or complex Malthusian dynamics
(Bell & Winterhalder, 2014; Dow & Reed, 2013), with the former lacking analytical derivations
of short-run equilibrium and the latter focusing on aggregate settlement logic rather than
individual time allocation. To thread the needle between these alternative modeling strategies,
we propose a simplified version of the neoclassical labor market model, one that combines a
formalization of the patron-client model with the logic of supply and demand. The result is a
conceptual framework capable of unifying diverse explanations for the evolution of inequality,
including population pressure (Keeley, 1988; Prentiss et al., 2014), land scarcity (Bogaard et al.,
2019; 2025; Shenk et al., 2010), monopoly power (Earle, 1997; Hayden & Villeneuve, 2010),
surplus (Hayden, 2001; Kirch, 2010), technology (Johnson & Earle, 2000), and wealth
transmission (Borgerhoff Mulder et al., 2009), among others. We will touch briefly on some of
these connections in the discussion, but first we need to develop the model.

3. Model

As a first approximation, we consider an economy in isolation, without trade or migration, and
consisting of a single agricultural sector with two factors of production, labor and land. These
serve as variable and fixed inputs into agricultural production on farms, each privately held by
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Figure 1: Total, marginal, and average product on a hypothetical farm. Total product is the
curved gray line. Marginal product is the slope of the tangent line at a given level of
investment, ¢. Average product is the slope of the line extending from the origin to the total
product at ¢, or f(t)/t.

a single farmer or farming household. The total energetic output for a farm with labor input ¢
is

£(t) = Gte

where G is the quality of farm land (its intrinsic gain rate) and 0 < a < 1 is the elasticity of
production, representing a percent change in f(t) given a percent change in ¢. The shape of
this production curve is shown in Figure 1 for some G and «. This is a greatly simplified
version of Stiglitz (1974, Eq. 1.1) and Dow & Reed (2013), with land a fixed input, elasticity
constant across farms, farmers assumed to be risk-insensitive, and the effects of technology
and capital being negligible. As a consequence, variation in G is the only means by which to
obtain variation in output for equal input.

Taking the derivative of f with respect to input ¢ gives the farm’s marginal productivity at a
given level of investment

f () =aGte?

Because a < 1, the second derivative of f must be negative, so f’ decreases with each
additional input. In behavioral ecology, this is known as the Marginal Value Theorem (Charnov
& Parker, 1995; Charnov, 1976). In economics, it is referred to as the diminishing marginal
product. Because it is diminishing, the marginal product will always be less than the average
product, f(t)/t, across all levels of investment. If returns were constant, with o = 1, then both
rates would be equal to G.



Next, we assign to each subsistence farmer a fixed endowment of time 7" that they can invest
either in work on their own farm or in wage labor L. Because those alternatives are mutually
exclusive, a fixed 7" entails that a potential worker’s choice is subject to the budget constraint
L < T, so every increase in L must lead to a decrease in own-farm production and vice versa,
hence the fundamental trade-off between work and leisure that neoclassical models attribute to
labor. A potential employer, however, does not face the same trade-off. Because the additional
time investment comes from labor’s budget, not the employer’s, the investment of L into
production on the employer’s farm can actually be much greater than T'. As a consequence, the
only constraint on the potential employer’s agricultural production is the cost of that
additional labor, which is the wage w.

Finally, everyone is assumed to be a utility maximizer, with utility in this case being a simple
linear function of agricultural output. One may also think of this utility in Darwinian terms as
inclusive fitness, in which case the objective is adaptation. Given the divergence in constraints
confronting potential workers and employers, their optimization problems must also diverge:

maxU;, = f(T — L)+ wL st. LT
max U, = f(I'+ L) —wL

U, tells us that a potential worker may gain some advantage wL by increasing L. However,
because time is scarce - because they have a limited time budget 7', they will also forego some
amount of income from their own farm. Similarly, U, tells us that a potential employer may
increase L on their farm, thereby gaining an increase in output, but they will also incur a cost
wL as a result.

For the sake of simplicity, we will assume that these roles are mutually exclusive, so that there
are no mixed strategies. Farmers who employ others will not also seek employment from
others, and farmers who work for others will not also seek to employ others. In this way, we
avoid many of the complexities associated with agrarian household models in development
economics, notably the potential for separation failures (Singh et al., 1986).

The crucial rate in either case is the wage w, which we define as some proportion p of the food
produced in excess of what is achieved by the employer alone or

w=pQ/L

with Q@ = f(T 4+ L) — f(T) being the surplus. Notice that )/ L is the average product of wage
labor on the employer’s farm, so that the wage is proportional to that rate, as shown in

Figure 2 A. The excess product is, thus, distributed pro rata over the total wage labor input L,
meaning each worker gets a portion of the food surplus based on the amount of time they
work on the employer’s farm. The quantity (1 — p)@ is, in turn, the employer’s net profit after
wages. It is equivalent to a rent that workers pay to the employer for access to their land,
which is also known as Ricardian rent (Ricardo, 1817; Samuelson, 1959).
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Figure 2: Energy production and utility for a hypothetical employer and employee at a given
market wage w. The production curve f(t) is shown as a thin gray curve, and reservation
prices and wages w are shown at L = 0. (A) The employer’s production function. The wage w
is a fraction p of the surplus production () from labor. (B) The employer’s utility function.
When L = 0, U, = f(T). The quantity of labor that maximizes U, will also satisfy f’(T" +

L) = w. (C) The employee’s production function. (D) The employee’s utility function. When
L =T, U, = wT. The quantity of labor that maximizes U; will also satisfy f' (T — L) = w.

When L = 0, all yields are derived entirely from subsistence effort on private farms. We would
like to know what is required for L > 0. These requirements are precisely the conditions in
which the population specializes into labor market roles. To define those conditions
mathematically, we first take the derivatives of their utility functions with respect to L, set
them equal to zero, and solve for w



—f'(T—L)+w= = f(T—L)=w
f(T+L)—w=0 =  f(T+L)=w

Evaluating these first order conditions (FOCs) at the corner L = 0 gives us the following
threshold for specialization

w = f(T)

which is the marginal return rate a farmer obtains by investing their entire time budget 7" into
production on their own farm. While these corner solutions are formally the same for workers
and employers, they are interpreted differently. For a potential worker, w is the lowest return
rate they will accept for wage labor, also known as the reservation wage (Mortensen, 1977). For
a potential employer, it is the highest return rate they will pay for wage labor, also known as
the reservation price or maximum willingness to pay. To avoid confusion, we will denote the
reservation wage and price with w; and w,, respectively.

We now turn to the supply of labor. From the above, it follows that an individual farmer will
shift time from own-farm production to wage labor whenever the market wage is greater than
their reservation wage, that is, w > w;, but how much labor should the potential worker
actually supply? The answer, denoted L, is found by solving the worker’s FOC for L, this time
using the explicit expression for f’, giving us

L, =T — (w/aG)?

with ¢ = 1/(a — 1) and (w/aG)? being the total time invested in own-farm production.
Because a < 1, ¢ must always be negative, meaning investment in own-farm production will
be proportional to the inverse of the wage premium, or the ratio of the market wage to their
own farm’s productivity. That is, the fraction of time invested in own-farm production will
decrease as the market wage w goes up, with wage labor as the complement increasing at the
same rate.

To get some intuition behind this, consider a farmer who currently invests all of their time into
production on their own farm, so that (w/aG)?® = T and L; = 0, meaning they are a
subsistence farmer - this would be the point f(T") in Figure 3 C. Suppose further that for
whatever reason the market wage suddenly leap frogs over their reservation wage, that being
the marginal productivity of their farm at full subsistence. Realizing this, they choose to shift
some small amount of time away from their own farm and into wage labor. Because the
marginal productivity of their farm diminishes with increasing investments of time, that small
shift into wage labor will actually increase their farm’s marginal productivity, but not, let us
say, enough to exceed the market wage. They will, therefore, make the same choice as before,
moving a little more time into wage labor, with their farm’s marginal productivity again going
up. Repeating this process, they will eventually reach a point where the marginal productivity
of their own farm becomes equal to the market wage, at which point they will have achieved



the optimal allocation of wage labor, L;, that being the allocation that maximizes their utility
(or fitness), as shown in Figure 3 D. To get the total supply of labor in the economy S(w) at a
particular market wage, we simply apply the same logic to all potential workers in the
population, and then sum the resulting L, over all of them.

Next we consider the demand for labor. To incentivize an individual farmer to hire wage labor,
the market wage must be less than their reservation price, that is, w < w,, but how much wage
labor should the potential employer actually hire beyond that threshold? For a particular farm
employer, the optimal amount of wage labor to hire, denoted L, is found by solving its FOC
for L

L, = (w/aG)® —T

with ¢ being the same as before. Here (w/aG)? represents the total labor input into the
employer’s farm, including the employer’s own investment of 7'. Again, ¢ is always negative,
so the quantity of hired labor will be inversely proportional to the cost premium and, therefore,
decreasing in w, reducing to subsistence with sufficiently large market wages. The intuitions
behind this run parallel to those for the supply of labor, only with the signs reversed (see
Figure 3 A). We imagine a subsistence farmer who has hired no labor, so that (w/aG)? = T
and L. = 0. The market wage suddenly drops below their reservation price, so they hire a
small fraction of labor, and the marginal productivity of their farm diminishes. They continue
this process until the marginal productivity of their farm becomes equal to the market wage, at
which point they achieve the optimal allocation of wage labor, L., and maximize their utility,
as shown in Figure 2 B. As with the supply of labor, we can estimate total demand for labor
D(w) at a particular market wage by summing L over all farm employers.

The labor market clearing wage w" is the wage at which these interior solutions become equal
to each other, S (w*) = D(w*). This is a market equilibrium as no profitable deviations exist.
A worker that attempted to work one more or one less hour of wage labor and an employer
that attempted to input one more or one less unit of labor would both suffer a loss to their
utility.

For those not steeped in the logic of the labor market model, the market wage may at first
blush seem sui generis, but in fact it has a simple explanation based in the logic of competition,
an explanation whose roots go back at least to Adam Smith (Smith, 1776; Stigler, 1957). Given
the option between two equally skilled workers, an employer should prefer the one willing to
work for a lower wage. This implies that two workers competing for the same job will drive
wages down. Conversely, a potential worker faced with a choice between two employers who
are otherwise equal should prefer the one willing to offer a higher wage. Again, the
consequence will be that two employers competing for the same employee will drive wages up.
The point where no one can out-compete anyone else in these two arenas is the market
clearing wage. The key here is that competition is perfect, meaning no one has sufficient
market share to dictate prices - everyone is a price-taker rather than a price-setter.
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Figure 3: Supply and demand curves. At equilibrium, L" = 0 in a homogeneous environment
and L” > 0 in a heterogeneous environment. Note: the convention in economics is to plot
supply and demand graphs with quantity on the x-axis and price on the y-axis even though
price operates more like the independent variable. A negative slope indicates that increasing
prices reduces demand for a given quantity. A positive slope indicates that increasing prices
also increases supply.

As shown in Figure 3 A, our model entails that in a perfectly homogeneous environment,
where each farm has an identical gain rate, the market equilibrium is, in fact, the null
equilibrium where L = 0. Why? Because the reservation wage of potential workers and the
reservation price of potential employers will be effectively the same in a homogeneous
environment, making it impossible to satisfy the inequalities that incentivize individuals to
pursue one or the other strategy. In that circumstance, any wage that exceeds the reservation
wage of potential labor will also exceed the reservation price of the employer (increasing
supply but driving demand down to zero), and any wage that falls below the reservation price
of potential employers will also fall below the reservation wage of workers (increasing demand
but driving supply down to zero). So, environmental heterogeneity is a necessary condition for
specialization (Kennett et al., 2009; Smith & Codding, 2021; Wilson et al., 2023; Wilson &
Codding, 2020).

In fact, variance is also sufficient for specialization. To see why;, it is instructive to evaluate a
simple statistic like the range. Consider first the least productive farm, which has a gain rate of
G,,in- Because it is the least productive farm, it will never be able to afford to hire others. The
farmer’s reservation price will always be less than the reservation wage of everyone else (the
farm’s marginal utility at L = 0 will be less than w for all other farms), so its owner will, in
effect, have only a reservation wage w,,,;,, = aG,,;,, 7> '. Now consider the most productive
farm, with a gain rate of G, .. Because it is the most productive farm, no one can afford to

hire its owner. The farmer’s reservation wage will be greater than the reservation price of



everyone else (their w will be greater than the marginal utility at L = 0 for all other farms), so
= aG,

max

its owner will, in effect, have only a reservation price w,, T~ Combining these
ideas, we might say that the owner of the least productive farm produces too little to hire, and
the owner of the most productive farm produces too much to be hired. So their respective labor
market roles are more or less forced upon them by the logic of optimization, a point we can
show mathematically by substituting into the equilibrium and rearranging terms, which gives

us

Graw (T —L\*"
G . \T+1L

min

> G,

From this equation, it follows that L > 0 if and only if G ' min- 1N other words, variance

max
in the quality or productivity of private land is not only necessary but also sufficient for
specialization to occur. This biconditional is implicit in the outward shifting supply and

demand curves in Figure 3 B.

4. Discussion

By combining the patron-client model as outlined in Dow & Reed (2013) and Wilson &
Codding (2020) with the logic of supply and demand, we are able to derive a simple variation of
the neoclassical labor market model. The resulting model explains levels of employment or
patronage in terms of the prevailing market wage. Provided the market wage exceeds the
reservation wage of those on less productive farms, there will be a potentially non-zero supply
of labor. However, to determine the actual level of employment, it remains to determine who is
willing to pay those wages, and how much they are willing to pay. Here it was shown that the
market wage must drop below the reservation price of those on more productive farms for
there to be any demand at all and that competition among employers based on the productive
capacity of their respective farms would determine total demand in the market. Satisfying the
combination of the reservation thresholds, of course, requires variation in productivity across
farms, which can only be sustained by privatizing those farms. Otherwise, the population will
revert to the mean, and the incentives for differentiating will be lost.

From the model, we can derive three important predictions. First, specialization should start in
the tails of the distribution and work its way in. Or, to put that another way, where there is the
greatest difference in productivity, there will also be the greatest incentive for adopting the
various labor market roles. Second, as the mass of the distribution of labor shifts toward more
productive farms, the average productivity of the population should also increase. This is
known as allocative efficiency. It does not mean that everyone benefits equally, just that no one
can be made better off without making someone else worse off (Arrow & Debreu, 1954).

The final prediction was first formulated by Ricardo in his theory of rent (Ricardo, 1817).
According to Ricardo, rent of land should be proportional to the difference between its



productivity and the productivity of the least productive land in use. As a consequence, rent
must necessarily go up as less productive land comes under cultivation. In our model, the
problem is recast as one about wages. As farmers move onto less productive land, their
reservation wages go down, and they invest more time in wage labor. The supply curve shifts
out, and demand goes up to take advantage of cheaper labor, resulting in more intensive
production on the most productive land, with larger shares of the surplus shifting from wages
to rent. This boon the better-off enjoy despite the fact that they contribute nothing to its
attainment. They are simply the beneficiaries of population spill-over into marginal land given
private property. Indeed, it was this fact that led Henry George, following John Stuart Mill, to
refer to their profit from rents as the “unearned increment” (George, 1881; Mill, 1848).

It has long been recognized that increasing reliance on domesticates typically increases birth
rates and at least initially stabilizes death rates, leading to substantial population growth, a
process commonly referred to as the Neolithic Demographic Transition (Bocquet-Appel, 2002;
Kohler & Reese, 2014; Shennan, 2013). For regions that are effectively saturated, that have
transitioned from labor-limited horticulture to land-limited intensive agriculture (Bogaard et
al., 2019; 2025; Shenk et al., 2010), the only available outlet for that population growth would
presumably be less productive land - the land everyone else skipped over because there were
initially better alternatives. It would, thus, appear that intensive food production provides the
perfect conditions for the explosive growth of inequality. It runs right through the Ricardian
logic of our labor market model.

The situation has the potential to become substantially worse, in fact, since competition in a
labor market is almost certainly imperfect. There are many reasons for this, but for the sake of
brevity, we will focus on spatial constraints. So far, we have been thinking of these farms as
dimensionless points between which travel is effectively instantaneous. If farm productivity is
highly skewed, however, and highly productive farms are spatially dispersed, there will be
potential for the development of local monopsonies (Robinson, 1933), as each worker will have
only one realistic employer, like nineteenth century factory workers in U.S. company towns.
Commute costs will simply be too high to work anywhere else, a circumstance known among
anthropologists as circumscription (Boone, 1992; Carneiro, 1970; Kennett et al., 2009; Wilson et
al., 2023; Wilson & Codding, 2020) - economists call them switching costs, which are closely
related to search frictions (Bhaskar & To, 1999; Fox, 2010; Ransom, 1993; Staiger et al., 2010).
The consequence of this market friction is that employers become effective price-setters, able
to reduce wages below the market clearing rate because those wages will still be better than
non-local or outside alternatives.

Throughout this paper, we have intentionally kept our model as simple as possible in order to
focus specifically on the interaction of employers and employees. This required making many
unrealistic assumptions: the economy is isolated, precluding trade and migration; land is fixed,
freeing farmers from difficult decisions about how much land to fallow or bring under
cultivation; and capital and technology are negligible, foreclosing investments in agricultural
improvements like irrigation infrastructure. Our model is also restricted to a single industry
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with a single factor market, namely labor, even though land itself is a plausible candidate for
the first medium of hereditary inequality (Shenk et al., 2010; 2016). Still, the simplicity of the
model is actually a feature, not a bug, for the model is much more flexible in its simplest form,
offering powerful conceptual machinery to investigate the consequences for equilibrium wages
and labor levels of different initial conditions, and to do so in a precise, constructive, and
coherent way. Indeed, one could argue that this is one of the primary advantages of formal
optimality modeling for the study of human social organization (Krugman, 1995).

We emphasize two additional advantages of this modeling exercise. First, it offers additional
evidence that the gulf between evolution and economics may not be so great after all, as we
have tried to highlight throughout the text. Second, and perhaps more importantly, our model
does not anywhere assume a solution to the collective action problem. Contrary to what many
anthropologists have argued (Carballo & Feinman, 2016; Diehl, 2000; Glowacki & Rueden, 2015;
Hayden, 2001; Hooper et al., 2010; Smith & Choi, 2007), our model does not require elites to
manage cooperative behavior for the provision of public goods. Instead, everyone in our model
is simply trying to get along the best that they can in light of their circumstances. Together, all
their individual choices have the cumulative effect of upending the social structure of their
own population, opening up new arenas of competition. Where before, in the homogeneous
economy, there were the standard Darwinian forms of somatic and reproductive competition,
individuals must now confront Marshallian dimensions of competition in a factor market.
Employers must now compete for workers, and workers must now compete for jobs. No where
did we have to leverage sky hooks like collective action to generate that complexity (Dennett,
1995). We were able to derive it all from first principles instead, principles shared by
economists and ecologists alike.
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