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28. Pathways of Density Dependence and 
Natural Selection in Modern Humans

 John P. DeLong

Living things depend on a flow of energy and materials to grow, reproduce, and maintain 
their bodies. Populations are aggregations of individuals, so they too depend on resources. 
Humans use many fuels derived from the Earth’s photosynthetic energy, which in turn 
support a population that often occurs at unusually high densities for a mammal. Like 
most populations, growing human populations may experience negative feedbacks from 
population size unless the socio-economic system in which the population lives grows 
fast enough to maintain resource flows to individuals and to limit the downsides of high 
density. I map out a simple view of the pathways of ﻿density dependence through five 
main causes of negative feedback: poor nutrition, increased disease, increased toxins, 
altered ﻿life history strategies, and violent conflict. The pathways trace the different ways 
in which increasing population size can cause lower birth rates or higher death rates and 
set the stage for selection on contemporary human populations. Some of the pathways 
are not traditionally viewed as density-dependent, but since they all depend on a tension 
between population size and the ability of the socio-economic system to generate 
positive feedbacks, they are all a form of density-dependence. These pathways are also 
dependent on changes to the global environment, including warmer and more variable 
climates, and the way people respond to the feedbacks by altering socio-economic 
expectations or technology.

Introduction
Changes in the size of human populations are generated by births, deaths, and ﻿migration. 
All three of these processes arise from a combination of biological traits (e.g., age at ﻿first 
reproduction and longevity) and environmental pressures (e.g., disease, climate, and predators). 
Understanding these pressures, and how they drive long-term population growth, is key to 
fostering a sustainable society. This is because the same factors that might stabilize population 
growth play a role in stabilizing the economy, human health, and political systems (Frisch 1978; 
DeLong and others 2010; Brown and others 2011).

As with most natural populations (Sibly and others 2005), human populations may experience 
negative feedback from the environment that can limit population growth (Zhang and others 2007). 
When that feedback is mediated by the size of the population, it is known as density-dependence. 
Here I will consider abundance and density equivalent, because in today’s world, the global 
population and country-level populations exist within fixed (or at least infrequently changing) 
political boundaries. Unlike most non-human populations, human populations also may exhibit 
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positive ﻿density dependence. For example, super-exponential growth during the early twentieth 
century required a relaxation of negative density-dependence, or more precisely, positive feedbacks 
that more than compensated for whatever negative feedbacks were in place (Cohen 1996, 2003; 
DeLong and Burger 2015; Burger and DeLong 2016). An indication of this positive feedback is 
the observation that the total amount of energy used by human populations has on average kept 
pace with or exceeded population growth over time (DeLong and Burger 2015), presumably due 
to technological or social advances (Bettencourt and others 2007; Weinberger and others 2017).

Density-dependence in human populations has not been well studied empirically (but see 
Lee 1987; Lutz and others 2006; DeLong and Burger 2015; Burger and others 2017), perhaps in 
part because rapid population growth in many countries over the last few centuries seems to 
suggest that negative feedbacks are somewhat unimportant (Lee 1987). There has been plenty of 
interesting theoretical discussion about the role of density-dependence and resource constraints 
on the ultimate size of the human population (Foerster and others 1960; Bettencourt and others 
2007; Hamilton and others 2009; Kaack and Katul 2013; Burger and others 2017; Malthus 1798). 
However, ﻿density dependence in human population growth is empirically detectable in time 
series data (Wrigley 1983; Lutz and others 2006; Bettencourt and others 2007; DeLong and 
Burger 2015), indicating a real need to try to understand it.

Here I lay out five pathways of negative density-dependence in human populations that could 
slow human population growth either now or sometime in the future. They are not mutually 
exclusive. These pathways are caricatures of more complex phenomena and are meant to 
illustrate the likely causal pathways from increasing human population size back to decreasing 
birth and/or increasing death rates. I take a deliberately ecological view, as population growth 
always can be reduced to the mechanisms of births, deaths, and ﻿migration, and all of these 
mechanisms are driven by the way humans interact with their environment (i.e., ecology). In this 
view, economics, society, and technology are functionally all components of human ﻿population 
ecology. I also consider how such negative ﻿density dependence may set the stage for different 
forms of ﻿natural selection in human populations. Finally, I consider the implications of ﻿density 
dependence and trait ﻿evolution for understanding and predicting human population growth.

I begin with a simplistic overview of how the human population is embedded in a socio-
economic environmental system, itself embedded in the biosphere, that influences human 
life (Figure 1). People live within a system that provides (to varying extents) the things people 
need including food, shelter, safety, and health care (Daly 1977; Hall and others 2001; Burger 
and others 2012). The system requires contributions in time, skills, and money from people to 
actually ﻿function, as well as energy and raw materials to power work and with which to make 
products. The extent to which the socio-economic system can provide the services people require 
(or want) depends on the capacity of people to operate the system and extract the necessary 
energy and materials from the environment. It also depends on disruptions in the environment, 
particularly climate change (including both human-caused climate change and natural climate 
variation), as this type of change affects the overall productivity of natural systems at a large 
scale (O’Reilly and others 2003). As human populations grow, the socio-economic system must 
expand. This expansion is the vehicle of the positive feedback that increases access to resources 
and mitigates the downsides of high density (Boserup 1965). Whenever the socio-economic 
system fails to keep up with population size, however, negative ﻿density dependence should 
arise (Butler 2004). The ability to provide services also may depend on links among countries 
that can trade for goods and services and, in effect, extend the socio-economic system beyond 
its borders (Suweis and others 2013).
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 Fig. 1 Schematic of the causal links from human population size back to births and deaths. Population 
size is in the center, and the five pathways run through the key processes of nutrition, pollution, disease, 
civil unrest, and life history, all shown in black ovals. Solid black lines indicate positive effects, dashed 
black lines indicate negative effects, and gray lines indicate more complex effects that do not have an 
inherent sign. Immigration and emigration are included but not explicitly considered as an alternative 

pathway, since at the global level they cancel out. 

The Pathways of Density Dependence
The nutrition pathway: Population size � socio-economic system � nutrition � births 
and deaths. The nutrition-based pathway is in essence the standard ecological pathway 
where individuals compete for a limited amount of nutritional resources. As a population 
grows, available resources must be divided up further and further among individuals, and at a 
certain point, individual nutrition is poor enough that birth rates decline (i.e., the nutritional 
requirements of pregnancy are not being met) and death rates increase (i.e., the nutritional 
requirements of maintaining bodies and fighting off disease are not being met), causing 
population growth rate to decrease. The population stops growing when the growth rate is zero 
and birth and deaths are in balance, and this population size is known as the carrying capacity 
(Cohen 1996; DeLong and Burger 2015). In human populations, as with other populations 
whose population growth is accompanied by spatial expansion, food and energy resources 
typically have increased along with population size. This increase in food availability has been 
made possible by expansion of the socio-economic system that provides the technology to 
produce and distribute more food to more people over greater spatial extent. Now that human 
populations have occupied much of the globe, however, further growth of human populations 
may not be accompanied as easily by increasing the area used to acquire food or other essential 
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resources, setting up the possibility that limits to the human population could arise through the 
nutrition pathway.

The disease pathway: Population size � socio-economic system � disease � births 
and deaths. The disease-based pathway traces the effects of increasing population size through 
the socio-economic system because of the increased disease caused by, among other things, 
increased ﻿stress, declining nutrition, contact among individuals, travel, and drug resistant 
pathogens. This pathway requires that something about the socio-economic system makes it 
somewhat incapable of taming certain risk factors for earlier death. For example, as the socio-
economic system grows and individual contributions to that system become more constant 
and demanding, ﻿stress levels will increase, setting the stage for a variety of physiological 
disorders, including heart disease (Kivimäki and others 2006) and sleep disorders (Kalimo and 
others 2000). Similarly, increased density of people can increase transmission of pathogens, 
as people come into close contact with more and more people, potentially selecting for more 
virulent pathogens (Anderson and May 1982). For example, MRSA (methicillin-resistant 
Staphylococcus aureus) is a type of bacteria that has evolved resistance to numerous antibiotics 
and is transmitted through contact (Centers for Disease Control 2016). Thus, although growth 
of the socio-economic system makes health care more available, increasing population size 
can in some settings set the stage for increased transmission and rapid ﻿evolution of pathogens, 
creating a negative feedback pathway from population size to ﻿mortality. A sub-pathway here 
might skip over disease straight to the ﻿mortality risks associated with things like workplace 
mishaps and car accidents. 

The toxins pathway: Population size � socio-economic system � toxins � births 
and deaths. This pathway follows again the increasing activity of a socio-economic system 
due to increasing population size to the waste products produced by the system (Dietz and 
others 2007; Rosa and Dietz 2012; Burger and DeLong 2016). Although many waste products 
are recyclable, isolatable, or transformable by biotic agents into non-toxic products, many 
other waste products have direct health effects by, for example, altering hormone pathways or 
causing cancer, leading to lowered ﻿fertility and increased ﻿mortality. These toxins include those 
used in agriculture to control weeds, insects, or fungi, some of which have hormone-disrupting 
effects on people (Richard and others 2005; Mnif and others 2011). Other potential toxins may 
be present in household cleaners, emitted as a by-product of electricity generation, automobile 
exhaust, biomass combustion, or manufacturing (Bell and others 2004), and hundreds of such 
chemicals have been detected in human samples (Centers for Disease Control and Prevention 
2009). Thus, as populations grow, and more and more chemicals are used in food production 
and preparation, to clean bodies, equipment, and buildings, and to manufacture a widening 
array of products, the potential for toxins to influence births and deaths increases.

The life history pathway: Population size � socio-economic system � cost of living � 
births. The life history pathway traces changes in the allocation of time and energy associated 
with expectations of living longer and different lifestyle choices made in a larger socio-economic 
system to lower ﻿fertility. This pathway recapitulates the ﻿Demographic Transition, which is the 
shift from low survivorship/high ﻿fertility life histories to high survivorship/low ﻿fertility life 
histories that occurs with economic ﻿development in most countries, but there may be other 
types of life history changes involved. The evolutionary benefits of lowering ﻿fertility are still 
somewhat unclear and/or contested (Borgerhoff Mulder 1998; Burger and DeLong 2016), but it 
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seems likely that people are giving up additional offspring in exchange for some other (real or 
perceived) benefit, whether it be greater investment in each child (in the form of time, money, 
education) (Smith and Fretwell 1974), self-allocation to improve the parent’s ﻿lifespan or health, 
or the use of resources for greater parental involvement in the socio-economic system (more 
work, travel, recreation). Although not generally thought of as a form of density-dependence, 
this pathway does lead through population size, as it is the larger population size, and the 
associated larger socio-economic system, that sets the stage for different allocation decisions as 
people engage in the system in different ways.

The warfare pathway: Population size � socio-economic system � cost of living � 
civil unrest � deaths. This pathway leads through civil unrest because if the socio-economic 
system cannot expand fast enough, individual needs (or expectations) will not be fully met. For 
example, the cost of goods and real wages varied wildly with population growth in England 
in the eighteenth century, indicating variability in the ability of the socio-economic system 
to keep up with population growth (Wrigley 1983). If the cost of living exceeds the ability of 
people to pay, or at least for some people to pay if income inequality is high, it also may lead 
to civil unrest and potentially violent conflicts. This pathway may be augmented by lower 
nutrition that generates both economic and medical distress. Although clearly complex, an 
empirical relationship between population size and the amount of civil unrest can be detected, 
depending on geography and other factors (Raleigh and Hegre 2009; Thayer 2009). Thus, 
growing populations may experience more violent population regulation, depending on the 
capacity of the socio-economic system to mitigate these effects.

These five generalized pathways are not mutually exclusive and are likely to be operating 
at the same time. If this is true, then it will be very difficult to empirically identify the relative 
importance of each pathway in driving future changes in human population size, or for that 
matter to even detect them without controlling for multiple causal variables. Furthermore, if 
all of these pathways are important, along with the potential positive feedbacks that can mask 
negative ﻿density dependence, then predicting the dynamics of human populations will require 
modelling many hard-to-detect and interacting processes. 

Many countries today are rather fixated on economic growth. Whether explicitly 
acknowledged or not, the underlying goal of any effort to grow the socio-economic system is 
the reduction of the negative effects of increasing population size. That is, the growing socio-
economic system may alleviate the negative effects of larger population size, obscuring the 
underlying density-dependence operating in the population. Thus, whenever a society can 
expand the socio-economic instrument by increasing energy and material inputs, creating 
greater efficiencies in providing services, or eliminating threats from disease or toxins, it can 
minimize ﻿density dependence (Boserup 1965). Whenever it struggles to do this, the effects 
of ﻿density dependence — through any or all pathways — will inevitably arise (Butler 2004). 
Which pathway the ﻿density dependence will take, however, will depend on the specific nature 
of the society and the set of challenges it faces. Thus, there is an element of unpredictability to 
density-dependence in human populations.

A complicating feature of density dependent pathways in human populations are the recent 
and projected increases in average global temperatures and climate variability (IPCC 2014). 
Because the human socio-economic system is embedded within the biosphere, changes to 
the broad patterns of temperature and precipitation will change the distribution of ecosystem 
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productivity in space. These changes are likely to have impacts on the nutrition and disease 
pathways because they may disrupt the functioning of the socio-economic system in at least 
two ways. First, temperature and water availability play an overriding role in determining crop 
production, so crop production may be altered (for better or worse depending on the location) 
(IPCC 2014), altering the magnitude of the nutrition feedback. Second, the risk of contracting 
tropical diseases may spread to higher latitudes from the tropics, as increasing temperatures in 
temperate areas can open these areas up to tropical diseases whose vectors require less severe 
winters, altering the magnitude of the disease pathway (Patz and others 2005). For example, 
while very complex, the civil war in Syria was preceded by a severe drought that exacerbated 
the economic challenges the country already faced (Gleick 2014). Thus, the already complex 
set of potential negative feedbacks from population density to population growth rate is made 
more complex by spatial heterogeneity and unpredictability of the effect of climate change on 
the feedback mechanisms.

Selection on Human Populations
It has long been understood that populations experiencing the negative feedbacks of ﻿density 
dependence can evolve due to genetic variation in traits that influence the ability of individuals 
to reproduce and survive (Darwin 1859; Lee 1987; Nekola and others 2013). As with any 
population, traits that reduce survival in humans will be selected against, and traits that favour 
successful reproduction will be selected for. For example, earlier maturation is associated with 
higher ﻿fitness. Selection for earlier maturation should arise, then, barring opposing costs and 
﻿trade-offs with other traits. In an isolated pre-industrial population on Ile aux Coudres island 
in Canada, exactly this was observed. Selection favoured an advance of maturation by four 
years over roughly seven generations (Milot and others 2011), prior to industrialization and a 
change in the ﻿fitness landscape (i.e., the set of relationships between traits and ﻿fitness). Even 
with strong ﻿fitness gradients, however, selection may be limited by gene flow, low ﻿heritability 
of ﻿fitness-linked traits, and both genetic and ecological pleiotropy (Williams 1957; Barton 1995; 
Futuyma 2010; DeLong and Gibert 2016). 

With five different pathways, density-dependence in humans has the potential to generate 
﻿natural selection in human populations depending on what negative feedbacks arise. 
These negative effects could be on ﻿mortality, which may limit ﻿lifespan and the potential for 
reproduction depending on the age of death. Thus, traits that enable people to tolerate ﻿stress, 
process toxins, resist diseases, avoid accidents, and escape violence might all be under selection 
to a greater degree as population size grows. Negative effects of ﻿stress, toxins, and disease might 
also influence reproduction, and thus traits that maintain ﻿fertility despite the negative effects of 
larger population size would also be favoured by ﻿natural selection. Although ﻿evolution has been 
viewed historically as too slow to influence ecological process such as the population feedbacks 
arising through ﻿density dependence, more recently it has become clear that rapid ﻿evolution 
can occur in ecological time for a wide range of organisms including humans (Hairston, Jr. and 
others 2005; Schoener 2011; DeLong and others 2016; Milot and others 2011; Byars and others 
2010).

What kinds of traits could be involved here? Many of these traits could be physiological 
traits associated with the allocation of energy and materials within our bodies. For example, 
a ﻿genotype that allocates more resources to immune ﻿function would likely be favoured along 
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the disease pathway, depending on the costs of that allocation to other competing ends such 
as growth or reproduction. Similarly, allocation to greater toxin processing might enable 
some people to tolerate the higher body burdens of toxins that we carry today (Centers for 
Disease Control and Prevention 2009). Interestingly, there is evidence that contemporary 
human populations are under selection for lower blood pressure (Byars and others 2010), 
which could enable greater tolerance of ﻿stress and maintain ﻿fitness in current socio-economic 
systems. A variety of potentially interacting ﻿fitness gradients are likely present in contemporary 
human populations, making future ﻿evolution complicated and hard to predict without more 
information.

Given the many ways that increasing density can lead to negative feedback on birth and 
death rates and thus on population growth, it might be surprising that these feedbacks are rarely 
considered in models of human population growth. For example, the regular U.N. population 
projections do not explicitly consider any form of ﻿density dependence in their models (Lee 
2011). The effects may be included in some cases, for example estimates of ﻿mortality from HIV/
AIDS are included in estimates of survival for countries with high prevalence of this disease 
(United Nations 2011; Gerland and others 2014). Nonetheless, the mechanism (i.e., a link 
between population density to disease-induced ﻿mortality) is not considered, even though it is 
clear that providing preventative healthcare services and treatment requires a socio-economic 
system that has sufficient energy, materials, and skills to ﻿function. I argue that when a socio-
economic system cannot keep up with diseases that are having real negative effects on people 
that the population living in that system is experiencing a form of ﻿density dependence. It 
would be useful to have a generalized understanding of how a society’s energetic and economic 
capacity per capita translates into the potential for dealing with density-dependent effects such 
as disease, toxins, malnutrition, and violence. 

Possible Issues for the Future
It has now been well more than a century since Malthus wrote about the inevitability of 
limitations on human populations through density-dependence (Malthus 1798). Malthus 
argued that populations grow exponentially and food production grows linearly, because food 
production was thought to be just a multiple of the amount of land in production. Therefore, 
population needs eventually would exceed the food supply, causing the population to stop 
growing or possibly decline. This idea has been both embraced for recognizing the obvious 
limits on global food production (i.e., there is only so much land and sunlight) and disparaged 
for making incorrect predictions (the dire warnings have not [yet] come to pass — notably 
this is more true primarily for countries with expanding socio-economic systems) (Lam 
2011; Allendorf and Allendorf 2012; Nekola and others 2013). Malthus was incorrect not in 
recognizing the links between resources and population growth but in the assumptions he 
made. Populations only grow exponentially when there are expanding resources to support 
it, so when resource limits engage, population growth will slow down and be tempered by the 
growth of food production. Thus, exponential growth cannot occur as a population approaches 
its resource limitations. Second, food production can increase faster than the simple expansion 
of area used for farming. This latter assumption was shown to be very plainly false as the 
Green Revolution took hold, and even further increases in per area production are possible 
with revolutions in genetics, soil management, and integrated pest management. Nonetheless, 
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spraying pesticides to control insects and fertilizing crops may not help much when food 
production systems are increasingly challenged by extreme weather events such as droughts 
and floods. So the potential for increasing per area yields in the future remains unclear.

Switches from slower to faster growth are clearly visible in the pattern of world population 
growth through history (DeLong and Burger 2015). Such switches suggest that negative 
﻿density dependence was relaxed, leading to increased birth rates or decreased death rates 
(Wrigley 2013; Kaack and Katul 2013; DeLong and Burger 2015). In other words, some aspect 
of the expanding socio-economic system facilitated access to new resources, better utilization 
of existing resources, or both, and that the benefits of this carried through to the processes 
controlling population growth. Should we expect further increases in the resource base for 
humanity through technological innovation or fundamental changes in the needs of people? 
This is difficult to say. It may depend on which type of resource ends up being the most limiting. 
There are many different ways to produce electricity, and many different types of food to eat, 
but there is nothing that can substitute for water. Although water can be used more efficiently 
and can be extracted from the ocean (at high cost), water could be the most important limiting 
nutrient generating negative density-dependence in humans, even if our global socio-economic 
system can accommodate considerable trade and generosity (Suweis and others 2013). Another 
candidate limiting nutrient could be phosphorous, which is both a pollutant when it runs 
off into water bodies and is globally limited in minable quantities (Elser and Bennett 2011). 
Regardless of the limiting nutrient, however, it is clear that our socio-economic system and its 
ability to ﻿function is the core mediating structure moderating density-dependent feedbacks in 
human populations. Whether future negative effects of increasing population size pass through 
the nutrition, disease, toxins, life history changes, or warfare pathways, however, is impossible 
to predict at this time.
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