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Abstract

Niche construction is the process whereby organisms, through their activities,
interactions, and choices, modify their own and each other’s niches. By using and
transforming natural selection, niche construction generates feedback in evolution at
various levels. Niche-constructing species play important ecological roles by creat-
ing and modifying habitats and resources used by other species, thereby affecting
the flow of matter and energy through ecosystems. This process is often referred
to as ecosystem engineering. This engineering can have significant downstream con-
sequences for succeeding generations—often referred to as an ecological inheritance.
One key emphasis of niche-construction theory is on the evolutionary role played by
acquired characters in transforming selective environments. This is particularly rele-
vant to human evolution, where our species has engaged in extensive environmental
modification through cultural practices. Humans can construct developmental
environments that feed back to affect how individuals learn and develop and the
diseases to which they are exposed. Here we provide an introduction to niche
construction and illustrate some of its more important implications for the human
sciences.

INTRODUCTION

A striking feature of the natural world that evolutionary biology sets out
to explain is the hand-in-glove complementarity of organisms and their
environments. The conventional view of evolution is that species, through
the action of natural selection, come to exhibit those characteristics (adapta-
tions) that best enable them to survive and reproduce in their environments.
Organisms are perceived as molded by selection to become well adapted
(Figure 1a). In contrast, the niche-construction perspective provides a second
route to the adaptive fit between organism and environment by emphasizing
the capacity of organisms to modify environmental states, often, but not
exclusively, in a manner that suits their genotypes (Figure 1b). Such matches
are the dynamic products of a two-way process that involves organisms both
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Figure 1 Two views of evolution (from Laland & O’Brien, 2011). Under the
conventional perspective (a), niche construction is recognized as a product of
natural selection but not as an evolutionary process. Inheritance is primarily
genetic. Under the niche-construction perspective (b), niche construction is
recognized as an evolutionary process. Here, ecological inheritance plays a
parallel role to genetic inheritance.

responding to “problems” posed by their environments through selection
and setting themselves new problems by changing environments through
niche construction. Niche-construction theory thus treats evolutionary
change as organisms codirecting their own evolution.
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FOUNDATIONS

Niche construction is all around us, often occurring in subtle ways, as
illustrated by animals building nests and burrows, plants changing levels
of atmospheric gases, and bacteria fixing nutrients. This emphasis on the
modification of habitat by organisms is shared by ecologists who emphasize
“ecosystem engineering,” by which organisms modulate flows of energy
and matter through environments (Cuddington, 2011). Such engineering
activity can have significant impacts on community structure, composition,
and diversity. Young beavers, for example, inherit from their parents not
only a local environment comprising a dam, a lake, and a lodge but also
an altered community of microorganisms, plants, and animals. Moreover,
niche construction/ecosystem engineering can generate long-term effects
on ecosystems. For example, beaver dams deteriorate without beaver
activity, but this leads to meadows that can persist for nearly a century
and rarely return to the original vegetation. Such legacies are known as
ecological inheritance—modified biotic and abiotic states, bequeathed by
niche-constructing organisms to descendant organisms—and can be viewed
as an additional inheritance system (Figure 1b).
Ecological inheritance requires intergenerational persistence, often

through repeated acts of construction, of whatever physical—or, in the case
of humans, cultural—changes are caused by ancestral organisms in the
local selective environments of their descendants (Odling-Smee & Laland,
2011). Through their niche construction/ecosystem engineering, organisms
produce and destroy habitats and resources for other organisms, generating
an additional “engineering web” of connectedness and control that regulates
ecosystem functioning in conjunction with the well-established webs of
trophically connected organisms. Environmental changes that exemplify
human niche construction, such as habitat degradation, deforestation, and
industrial and urban development, often destroy the control webs that
underlie ecosystems. Fortunately, we can use our own niche construction
and that of other engineering species in novel restoration and management
methods that complement established conservation strategies (Laland &
Boogert, 2010).

MODERN RESEARCH

Many researchers, including human scientists, have found the niche-
construction framework useful. For instance, archaeologist Smith (2011)
proposes a cultural niche-construction model of initial domestication that
presents a fresh alternative to optimal-foraging-theory accounts of the
origins of agriculture and supersedes it in explanatory power. Linguist
Bickerton (2009) builds a new account of the evolution of language around
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niche-construction theory. Buchanan et al. (2011) apply it to ethnographic
data to explore the causes of cross-cultural variation in the diversity of
subsistence toolkits, finding that predictions from niche-construction theory
provide a good fit to the data, unlike established theories. Other successes
include a suite of novel theoretical and empirical findings related to land-
form, ecosystem and population dynamics, macroevolutionary change,
cultural evolution, and agriculture (e.g., Kendal et al., 2011; Rowley-Conwy
& Layton, 2011).
The niche-construction perspective encourages the tracing of causal

influences through ecosystems rather than treating each bout of selection
separately, such that the full ramifications of anthropogenic activity can be
better understood. This can be illustrated by the familiar example of West
African populations who cut clearings in forests to grow their yams. When it
rains, these clearings inadvertently create puddles that function as breeding
grounds for malaria-carryingmosquitoes. Exposure tomalaria in turn favors
the hemoglobin sickle-cell allele (HbS) that confers resistance to malaria in
heterozygote humans. Here, causality flows through the ecosystem, from
cultural to genetic and back to cultural processes, and from one species to
the next, driven by iterative bouts of niche construction and selection, at
multiple levels (O’Brien & Laland, 2012) (Figure 2).
This tracing of causality is also a theme of a recent development in ecology,

known as eco-evolutionary dynamics (Odling-Smee et al., 2013).More generally,
niche-construction theory has established that genetic and cultural processes
can also affect the rate of change of allelic frequencies in response to selection
and greatly influence the pattern and rate of evolutionary processes.
Niche-construction theory promotes a systems approach to exploring

human evolution and ecology, and a key issue for future researchers will be
to devise realistic means of doing this. The sheer complexity of engineering
webs and the challenge of tracing causal chains through ecosystems appear
to be a daunting ordeal. In reality, standard methods regularly and success-
fully deployed by archaeologists, ecologists, and evolutionary biologists
can be combined to good effect (Laland & O’Brien, 2010; O’Brien & Laland,
2012). What is different is the focus of investigation, which moves from
the study of the ecological impact or evolutionary response in a single
taxon to the investigation of human eco-evolutionary systems, pathways, or
networks. This requires that researchers go beyond the normal practice of
evolutionary biology and ask, “What causes the selection pressures leading
to a specific evolutionary response?” rather than treating those selection
pressures as a starting point. It also requires researchers to go beyond
the normal practice of ecosystem ecology and ask, “What evolutionary
ramifications follow from species’ ecological impacts on biota and abiota?”
The key to progress is to break down complicated pathways in networks into
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Figure 2 Construction chain depicting the causal influences following a cultural
niche-constructing practice, here the planting of yams in West Africa (from O’Brien
& Laland, 2012). Planting, which involves deforestation, (1) inadvertently promotes
the spread of malaria by leaving standing pools of water, leading to selection for
the hemoglobin sickle-cell (HbS) allele. The resulting incidence of sickle-cell
disease (2) favors the planting of yams and other crops with medicinal benefits
[yams contain the anti-sickling agent thiocyanate (Agbai, 1986)], which (3) further
promotes the spread of (HbS) and (4) scaffolds the development and/or
application of medical treatments for malaria, as well as (5) pesticide treatments
for mosquitoes, which (6) generates selection for alleles conferring resistance to
pesticides in mosquitoes. The spread of sickle cell (7) scaffolds the development
and/or application of medical treatments for sickle-cell disease. Pesticide
treatment of mosquitoes (8), medical treatment for sufferers of sickle-cell disease
(9), and malaria victims (10), affect the intensity of selection on the (HbS) allele.

tractable component pieces, subject each to analysis, and then reconstruct
the network, including the strength of interactions and how they vary
over time to gain a systems-level understanding. Where relevant data are
available, statistical approaches such as structural equation modeling and
causal graphs can help isolate or confirm putative causal influences and/or
reject causal hypotheses that are inconsistent with the data.
A focus on niche construction has important implications for how

researchers view the relationship among genetic evolution, developmental
processes, and cultural change. First, niche-constructing organisms cannot be
treated as merely “vehicles” for their genes because they also modify selec-
tion pressures in their own and in other species’ environments. In the process,
they introduce feedback to both ontogenetic and evolutionary (genetic and
cultural) processes. Alongside others, we have suggested that this active,
constructive conception of the role of organisms in evolution, and indeed
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in ontogeny, fits well with conceptualizations of human agency that are
widespreadwithin the human sciences (Laland&O’Brien, 2010, 2011; Laland
et al., 2000; O’Brien & Laland, 2012; Odling-Smee et al., 2003). Second, there is
no requirement for niche construction to result directly fromgenetic variation
in order for it to modify natural selection. Humans modify their environ-
ments largely through cultural processes, and it is this reliance on culture
that lends human niche construction a special potency (Kendal et al., 2011).
This dual role for phenotypes in evolution does imply that a complete

understanding of the relationship between human genes and cultural
processes must not only acknowledge genetic and cultural inheritance
but also take into account the legacy of modified selection pressures in
environments (Odling-Smee & Laland, 2011). It is readily apparent that
contemporary humans are born into a massively constructed world, with
an ecological inheritance that includes a legacy of houses, hospitals, farms,
factories, computers, satellites, and the World Wide Web (Flynn et al., 2013).
All organisms inherit genetic information, and this is the most funda-

mental source of information that underpins niche construction. However,
some factors in the environment can potentially change many times within
the lifespan of the animal, and natural selection has selected for processes
allowing individuals to adjust on a within-lifetime basis, some of which are
adaptations for acquiring knowledge. The processes underpinning learning
have also been shaped by natural selection, leaving some associations
formed more readily than others. However, it does not follow that all
acquired knowledge need be pre-specified by selection or under genetic
control. In theory, our genes could specify a tolerance space for our acquired
information and less frequently the content within it. In contrast to the posi-
tion of most evolutionary psychologists (e.g., Pinker, 1997), that would leave
human learning a relatively open program—one capable of introducing nov-
elty into phenotypic design space and modifying environmental conditions
in a manner that potentially generates selective feedback at multiple levels.

ISSUES FOR FUTURE RESEARCH

The discussion highlights an important issue for future research: investi-
gation of the extent to which human cultural practices are controlled by
genetic information and the nature of the evolved predispositions that
shape human cultural learning. This is currently very much a moot point
among evolution-and-human-behavior researchers, with evolutionary psy-
chologists and cultural evolutionists taking very different positions (Laland
& Brown, 2011). Is human social learning shaped by evolved structure
in the mind to be biased to acquiring content—from choosing sugar-rich
foods to admiring specific body shapes—that proved adaptive among our
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Pleistocene ancestors, as suggested by many evolutionary psychologists?
Alternatively, is human learning dominated by general rules, such as copy-
ing the highest payoff behavior or conforming to the local norm, acquired
largely independent of their content, as claimed by cultural evolutionists?
Onemajor difference that niche constructionmakes to the evolutionary pro-

cess is that acquired characteristics can play a role in evolution through their
influence on the selective environment. The existence of examples such as
the evolution of adult lactose absorption and salivary amylase in response
to dairy products and starch introduced into human diets by human agricul-
ture shows that human activities can generate novel phenotypes andmodify
selection, but it remains to be seen how representative these are (Laland et al.,
2010; O’Brien & Laland, 2012).
Niche constructionmodifies selection not only at the genetic level but at the

ontogenetic and cultural levels as well, facilitating learning and mediating
cultural traditions,with consequences that not only feed back to the construc-
tor population but also modify selection for other organisms. For example,
the construction of towns and cities created new health hazards associated
with large-scale human aggregation, such as the rapid and large-scale
spread of disease, resulting in epidemics. Humans may respond to this
novel selection pressure exclusively or in combination (i) through biological
evolution, with selection of resistant genotypes, (ii) at the ontogenetic level,
for instance, by developing antibodies that confer some immunity, or (iii)
through cultural evolution—for example, by creating hospitals, medicines,
and vaccines. Future research will establish the prevalence of these different
types of response and delineate rules specifying when each occurs.
A plausible hypothesis is that where a culturally transmitted response to

humanniche construction is not possible, perhaps because a population lacks
the requisite knowledge or technology, then a genetic response will occur.
A familiar example is the coevolution of dairy farming and the allele for
adult lactose absorption, where several lines of evidence now support the
hypothesis that dairy farming created the selection pressures that favored
this allele in pastoralist populations. Cultural niche construction can also
generate selection on other species, most obviously domesticates. The spread
of dairy farming also affected geographical variation in milk-protein genes
in European cattle breeds, which covary with present-day patterns of lactose
tolerance in humans.
Recent thinking suggests that this kind of selective feedback from human

cultural activities to human (and other species) genes may be a general
feature of human evolution. Gene–culture coevolution may even be the
dominant form of evolution experienced by our species. Geneticists have
identified several hundred human genes subject to selective sweeps over
the past 50,000 years or less. When one considers the functionality of these
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genes, it would seem many alleles have been favored as selective responses
to human cultural activities (Laland et al., 2010). However, much work
remains in order to confirm this.
In summary, niche-construction theory offers conceptual tools not yet read-

ily used within the human sciences, such as a variety of experimental and
theoretical methods for establishing where niche construction is consequen-
tial and quantifying its impact. Such tools may be pertinent for researchers
interested in exploring the agency of humans in constructing their world and
shaping their development. Niche-construction theory also offers theoret-
ically and empirically derived insights into the dynamics of evolving sys-
tems, which could add to the tools used by archaeologists, anthropologists,
and psychologists interested in understanding similarly complex dynamic
systems.
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