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Niche Construction and Evolution

Modern Evolutionary Synthesis

G. C. Williams (1992):

“Adaptation is always asymmetrical; organisms
adapt to their environment, never vice versa.”

Modern Evolutionary Synthesis:

Conventional evolutionary perspective explains the organism-
environment match solely in terms of natural selection.
Adaptation is seen as a process by which selection shapes
organisms to fit pre-existing environments (Laland & Brown 2006).
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Modern Evolutionary Synthesis: criticisms

Gould & Lewontin (1979): the
“Panglossian” adaptationist
programme”

X Organisms as integrated entities
“sub-optimality”, drift, pleiotropy,
phyletic and developmental constraints

Lewontin 1983:
‘Organisms do not adapt to their
environments; they construct
them out of the bits and pieces
of the external world‘

Niche Construction Theory

F.J. Odling-Smee
1988, 1996, 1998:
“Niche construction”

Odling-Smee, Laland & Feldman 2003
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Niche Construction 
(Odling-Smee 1988, 1996, 1998)
Organisms change the environment through their behaviour,
changing the selective pressures acting on their own and other
species.

Laland & Brown 2006:
Organisms do not just build
environmental components, but
regulate them to damp out variability
in environmental conditions

Darwin, 1881

Earthworms
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When a beaver builds a dam, creating a lake and influencing river flow, this behavior
not only affects the propagation of dam-building genes, but results in major changes
in the local environment. It follows that dam building by beavers must alter the
selection of other beaver traits, influencing beaver evolution (Laland & Brown 2006)

(Castor spp)

Ecological Inheritance

Inceptive x Counteractive Niche Construction

(Odling-Smee, Laland & Feldman 2003)
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Niche Construction, Human Behavior,
and the Adaptive-Lag Hypothesis
(Laland & Brown 2006)

Human behavioral ecology: behavioral flexibility

in response to environmental conditions that optimizes life-time
reproductive success. Because humans evolved as opportunistic ecological
generalists in variable environments, selection will have favored the ability
to adopt the strategy that maximizes fitness in a given environment.

x
Evolutionary Psychology: adaptive lag

We believe the adaptive-lag hypothesis is misguided. Based on insights
gained from the niche-construction perspective, we put forward the
counter proposal that niche-constructing activity generally increases the
match between an animal's behavior and its environment.

Niche Construction, Human Behavior,
and the Adaptive-Lag Hypothesis
(Laland & Brown 2006)

Evolutionary psychologists who emphasize human adaptive lag typically
stress that human psychological mechanisms are complex adaptations
based on co-adapted gene complexes that are unlikely to respond quickly
to selection.
BUT:
1. the genetic bases of putative evolved psychological mechanisms are
unknown;
2. there is little compelling evidence that human psychological mechanisms
are complex adaptations;
3. although comparatively little is known about the rates of evolutionary
change of complex characters, the traits shown to respond quickly to
selection are elaborate, multi-loci ones.
4. molecular genetic analyses reveal that small changes in genes, or in their
promoters and enhancers, can bring about major changes in the
functionality of complex characters.
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Niche Construction, Human Behavior,
and the Adaptive-Lag Hypothesis
(Laland & Brown 2006)

Three reasons why human niche construction should
typically be adaptive:

Reason 1: Humans construct their world to suit themselves;

Reason 2: Humans buffer adaptive lag through cultural niche
construction;

Reason 3: When humans are unable to buffer adaptive lag
fully through further cultural niche construction, natural
selection on genes ensues.

Reason 1:
Humans construct their world to suit themselves
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Reason 1:
Humans construct their world to suit themselves

Most niche construction will increase the short-term fitness of the
constructor, although it may have negative consequences for other
species.

Animals do not just build structures, but regulate them to damp out
variability in environmental conditions, with the result that niche
construction can maintain selection pressures and preserve the
adaptiveness of behavior.

Human-built environments might be different from African savanna, but
many selection pressures acting on us could be broadly similar, since
our constructions were built to be suited to our bodies and their needs.

Counteractive niche construction acts to maintain environmental
conditions within tolerable limits, and in the process filters and
modifies the selection acting on the constructor.
(ex.: earthworms).

Reason 2: Humans frequently buffer adaptive lag 
through cultural Niche Construction
Organisms continuously choose or manufacture a suitable
environment, often in response to environmental challenges created
by their ancestors.

Unlike most other species, humans can respond to ancestral niche
construction in two ways: through genetic evolution or through
further (usually cultural) niche construction (ex: cities).

One consequence of the fact that cultural niche construction can
damp out selection on human genes is that it can lead to increased
numbers of genes in the human gene pool with potentially negative
effects on fitness in the absence of these cultural activities.

Ex: the ability to manufacture 
prescription eyeglasses relaxed the 
selection pressures on genes for 
myopia.
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Myopia and development

Dolgin 2015, Nature

For many years, the scientific consensus
held that myopia was largely down to
genes. Studies in the 1960s showed that
the condition was more common among
genetically identical twins than non-
identical ones, suggesting that
susceptibility is strongly influenced by
DNA. Gene-finding efforts have now
linked more than 100 regions of the
genome to short-sightedness. (...) But it
was obvious that genes could not be the
whole story.(...) what seemed to matter
most was the eye’s exposure to bright
light.

Reason 3: When humans are unable to buffer
adaptive lag fully through further cultural niche
construction, natural selection on genes ensues.

Biological evolution can be extremely fast: significant human
evolution could be measured in hundreds of years or less. Whenever
human cultural processes fail to express a sufficiently effective
response to an environmental change, culturally modified
environments give rise to modified natural selection pressures, which
may change gene frequencies

Culturally induced genetic responses to human agriculture:
Yam cultivators, malaria, and sickle-cell disease.

Culturally induced genetic responses to human pastoralism:
Lactose tolerance by adult humans
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Niche Construction, Human Behavioural Ecology,
and Evolutionary Psychology
(Laland 2007)

Implications for the study of human behavior

Human global population growth: evidence of adaptiveness of
human Niche Construction.

It is in the Holocene* that we see the explosion in human numbers
and human colonization of the globe. Population growth appears
linked to agricultural practices, technological advancement,
medicine etc (phenomena that are most strikingly different from the
Pleistocene environments).

Post-demographic transition societies exhibit relatively stable
population sizes or marginal growth or decline, indicative of largely
adaptive behavior (v. Ihara & Feldman 2004, Kendal et al. 2005)

* Holocene: end of Pleistocene (11.700 y BP) to present (...Anthropocene?)

Niche Construction, Human Behavior,
and the Adaptive-Lag Hypothesis
(Laland & Brown 2006)

Adaptive human behavior will be the norm and
maladaptiveness the exception.

BUT processes are not instantaneous or unfailing, so humans
will still experience some adaptive lag. Ex: our taste for salt,
fat, and sugar.
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Niche Construction
Laland & O'Brien 2011

Niche Construction
Laland & O'Brien 2011
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Consequences of the Niche-Construction revision

Expanded inheritance
The niche-construction perspective adds a second general form of
inheritance to the evolutionary process, stressing two legacies that
organisms inherit from their ancestors, genes and modified selective
environments. Unlike genetic inheritance, ecological inheritance is
not a template copying system, and does not depend on replicators,
but on organisms bequeathing altered environments to their
offspring.

In each generation, offspring inherit a local selective environment
that has, to an extent, previously been modified, or chosen, by its
niche-constructing ancestors. The resulting dual inheritance implies
that each offspring must actually inherit an initial organism–
environment relationship.

Development and Niche Construction

K. Laland:
Niche Construction Theory is explicit
about the need to treat niche
construction as both a developmental
process and a cause of evolution.
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The “start-up niche”
Minimally, parental actions and choices influence where and when
offspring originate, and in many species, they ensure that some kind of
resource package is also present.

The niche-constructed components of the inherited niche frequently
modify the range of developmental environments to which juveniles are
exposed, and may subsequently transform the norms of reaction* of the
offspring's genes.

Ex: nests, burrows, mounds, and similar structures all tend to buffer
environmental variation, making temperature, humidity, and exposure to
wind and sunlight more uniform.

Conversely, niche construction can result in exposure to a broader range
of developmental conditions as a consequence of ancestral activities (ex:
if parents relocate to a novel environment).

Laland, Odling-Smee & Gilbert 2008

[* A concept that places phenotypic plasticity in the context of a genotype-specific response]

“Maternal Effect” and Social Information Transfer
(even in asocial species)

Gilbert 1983: Monarch butterflies (Danaus plexippus): “Imprinting” 
in the choice of toxic plants for oviposition (Asclepias spp).

The “start-up niche”
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Development and Niche Construction:
The “Ontogenetic Niche”

West & King 2008:
“At a behavioral level, the ontogenetic niche is the set of
ecological and social circumstances inherited by individuals.
Exogenetic heredity can be highly reliable, probable and stable
over generations, e.g., inheriting conspecifics is as dependable
as inheriting genes”

Fragaszy 2011:
For many animals, the ontogenetic niche prominently features
social components, such as parents, siblings, and group mates.
The ontogenetic niche shapes individuals’ opportunities for
learning, particularly for learning skills and habits
characteristic of other members of their social group. Thus,
this feature of constructed niches underlies traditions.

Socially Biased Learning and Niche Construction

Fragaszy et al 2013: 

A complementary perspective to Socially Biased
Learning framed in Niche Construction:

“Simply observing 
another using a tool is not 
enough to use a tool 
skillfully: enduring 
residual artefacts scaffold 
individuals’ learning these 
skills, and thus promote 
the maintenance of 
technical traditions.”
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The feedback that niche construction generates in evolution makes a
difference to how organisms evolve. This is also true for niche construction
based on learning and cultural processes. The significance of acquired
characters to evolutionary processes becomes further amplified with stable
transgenerational culture.

By culture, we mean the ability to acquire and transmit learned
knowledge, beliefs, and skills and to devise ever more efficient solutions to
problems that build on this reservoir of shared intelligence.

Other animals possess traditions (...). Yet human cultural processes are
exceptionally potent compared to those in other animals, probably because
of this cumulative property.

Human evolution may be unique in that our culture and niche construction
have become self-reinforcing.

Cultural Niche Construction 
Laland & Brown 2006

Cultural Niche Construction
Laland & O'Brien 2011

Three
domains of

information
acquisition
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Cultural Niche Construction
Laland & O'Brien 2011

Development and Niche Construction:
Cultural Niche Construction

Kendal JR 2011
Cultural Niche Construction and Human Learning
Environments: Investigating Sociocultural Perspectives

NCT can be applied to examine the influence of culturally
constructed learning environments on the acquisition and
retention of beliefs, values, role expectations, and skills.

NCT asserts that behavior can alter the environment in ways that
affect selection on heritable information. Although NCT was
originally specified by investigating how organisms’ effects on the
environment might influence natural selection on a gene pool, the
theory is applicable to any form of heritable information, including
epigenetic subcellular structures, socially learned patterns of
behavior, and forms of symbolic representation.
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Development and Niche Construction:
Cultural Niche Construction

Kendal JR 2011
Cultural Niche Construction and Human Learning
Environments: Investigating Sociocultural Perspectives

In cases where genetic causation of cultural variation
can be discounted, cultural variation may still be
subject to selection as a result of differential survival
and reproduction — demic selection — or as a result
of differential trait adoption and abandonment rates
— cultural selection.

(Cavalli-Sforza and Feldman 1981; Feldman 2008)

Development and Niche Construction:
Cultural Niche Construction

Kendal JR 2011
Cultural Niche Construction and Human Learning
Environments: Investigating Sociocultural Perspectives

Learning in a culturally constructed environment is of central
concern to many sociologists, cognitive scientists, and
sociocultural anthropologists, albeit often from different
perspectives. Four pertinent theories from these fields (as a
basis for interdisciplinary investigation)
Situated learning
Activity theory
Practice theory
Distributed cognition
These theories may be addressed using a
cultural niche-construction framework.



EC_2018_A10

17

Development and Niche Construction:
Cultural Niche Construction

Kendal JR 2011

Situated learning

A process by which newcomers, through legitimate peripheral
participation, become full participants in a community of practice, such as
an apprenticeship into a particular trade, or participation in a religious
community or a secular group (Lave and Wenger 1991).

The term both emphasizes learning in situ through participation and
decentralizes common notions of mastery, pedagogy, and learning
through instruction and replication.

Situated learning emphasizes the importance of the interaction between
the learner and the constructed learning environment. Similarly, ecological
psychologists use the notion of affordance, which is a measure of the
properties of the environment relative to the learner.

Development and Niche Construction:
Cultural Niche Construction

Kendal JR 2011

Activity theory

Cultural-historical activity theory: the effect of the constructed
learning environment on the learner.

Vygotsky: the “Zone of Proximal Development”:
“the distance between the actual developmental level as
determined by independent problem solving and the level of
potential development as determined through problem
solving under adult guidance or in collaboration with more
capable peers”.
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Development and Niche Construction:
Cultural Niche Construction

Kendal JR 2011

Distributed cognition

Donald (2000): Hybrid mind hypothesis: semantic memory systems can be
augmented by ‘‘extended’’ storage: "The memory repositories of culture
allow our species to transmit across generations the codes, habits,
institutional structures, and symbolic memory systems that are needed to
operate a significant portion of the processes of modern cognition in
human culture".

Sociocultural systems: human agents + nonhuman artifacts.

Wheeler & Clark (2008): Structured learning environments as extended
cognitive systems: "Non-organic props and aids, many of which are either
culturally inherited tools or structures manipulated by culturally
transmitted practices, might themselves count as proper parts of extended
cognitive processes".

Development and Niche Construction:
Cultural Niche Construction

Kendal JR 2011

Practice theory
Practice theory was born out of an historical debate among
sociocultural anthropologists over the persistence and stability of
structure in a social system:
Structural functionalists and cognitive structuralists (Durkheim, Lévi-
Strauss) favored a top-down perspective, where social structure
retains its form through the imposition of sanctions upon individuals
and can be analyzed horizontally as a function of structural relations.
X bottom-up arguments, consistent with an historical (vertical)
analysis of a social system.
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Development and Niche Construction:
Cultural Niche Construction

Kendal JR 2011

Sociocultural Theories may be addressed using a cultural
niche-construction framework

A common theme of situated learning, activity theory, practice
theory, and distributed cognition is the emphasis that learning
is a process of construction of knowledge and beliefs that is
structured by the cultural environment. However, there
appears to have been little attempt in the literature to relate
all four theories in the context of both a developmental and an
evolutionary framework.

34 hunter–gatherer / 45 small-scale food-producing populations.
[ethnographic data + proxies for risk of resource failure/ Regression Analysis]
Explaining toolkit size (subsistants) and complexity (technounits) differences:
H1: risk of resource failure (the greater the risks, the larger/+complex toolkit)
H2: toolkit diversity and complexity are driven by population size
H3 (NCT): subsistence toolkits of small-scale food producers (more potent
niche constructors) should be less influenced by risk of resource failure and
more influenced by population size (having on average larger populations)
than the subsistence toolkits of hunter–gatherers.

X

Niche Construction and cumulative culture
Niche Construction and the Toolkits of Hunter–Gatherers
and Food Producers (Collard, Buchanan, Ruttle & O’Brien 2011)



EC_2018_A10

20

Niche Construction and cumulative culture
Niche Construction and the Toolkits of Hunter–Gatherers
and Food Producers (Collard, Buchanan, Ruttle & O’Brien 2011)

Is Non-genetic Inheritance Just a Proximate Mechanism?
Mesoudi et al 2013

Lewontin (1970): general aspects of Darwinian evolution:
variation, inheritance, and differential fitness: genetic evolution
is but one specific theory that fulfills these criteria.

The specialized assumptions of the MS, such as natural
selection, recombination, and undirected genetic mutation,
are not sufficient to explain the adaptive dynamics of evolution,
and must be expanded to include a suite of additional
developmental, epigenetic, behavioral, and cultural processes.

An evolutionary theory that encompasses multiple interacting
inheritance systems and the interactions between them is far
more compatible with sociocultural phenomena, in both
humans and non-human species alike, than a gene-centric
evolutionary theory.
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Is Non-genetic Inheritance Just a Proximate Mechanism?
Mesoudi et al 2013

The human behavioral and social sciences have been
highly critical of gene-based approaches to the study
of human behavior such as sociobiology or, more
recently, evolutionary psychology.
This is largely because the phenomena that
social/behavioral scientists study — the cultural
dynamics of languages, technology, religious beliefs,
socio-political institutions, and so on — are not under
direct genetic control, and can only be explained as
cultural adaptations that arise through cultural
evolution.

Is Non-genetic Inheritance Just a Proximate Mechanism?
Mesoudi et al 2013

Is Non-genetic Inheritance Just a Proximate Calibration 
Mechanism?

Phenotypic plasticity occurs when phenotypes vary in response
to environmental variability in the absence of corresponding
DNA variation, and such direct proximate responses may entail
epigenetic or individual learning mechanisms.

X

Non-genetic inheritance, in contrast, occurs when variable
information that is unrelated to DNA sequence variation is
transmitted across successive generations of individuals, such
as occurs with epigenetic inheritance and cultural
transmission/social learning.
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Is Non-genetic Inheritance Just a Proximate Mechanism?
Mesoudi et al 2013

If the function of phenotypic plasticity is to track
environmental change that cannot be anticipated by
genes, then there simply must be a partial decoupling
between genes and phenotypic plasticity, otherwise
the latter would never have evolved. This applies even
more to transgenerational non-genetic inheritance.
Once information can be inherited non-genetically, it
can significantly transform evolutionary dynamics
through reciprocal feedback between the different
inheritance systems. This goes far beyond mere
proximate ‘‘calibration.’’ Gene-culture coevolution is
the best-understood example.

Is Non-genetic Inheritance Just a Proximate Mechanism?
Mesoudi et al 2013

A Corroboration of the
Extended Evolutionary Synthesis

The existence and scope of non-genetic inheritance
systems, including epigenetic inheritance, niche
construction/ecological inheritance, and cultural
inheritance -alongside certain other theory revisions -
necessitates an extension to the neo-Darwinian
Modern Synthesis (MS) in the form of an Extended
Evolutionary Synthesis (EES).
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The extended evolutionary synthesis
Laland et al 2015

EES: an extension of the Modern Synthesis 
or a different framework?

EES retains the fundaments of evolutionary theory, but differs
in its emphasis on the role of constructive processes in
development and evolution, and reciprocal portrayals of
causation.

The extended evolutionary synthesis
Laland et al 2015

Programmed x Constructive development
Reciprocal causation
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The extended evolutionary synthesis
Laland et al 2015

Evolutionary
developmental
biology

Developmental
Plasticity

Inclusive 
inheritance

Niche
Construction
theory

The extended evolutionary synthesis
Laland et al 2015

Classical MS assumptions EES core assumptions
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The extended evolutionary synthesis
Laland et al 2015

Classical MS assumptions EES core assumptions

The extended evolutionary synthesis
Laland et al 2015
Phenomena such as 
developmental bias 
or niche construction 
do not directly 
change gene 
frequencies (as 
selection, drift, gene 
flow and mutation), 
and hence are not 
viewed as causes of 
evolutionary 
processes.
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The extended evolutionary synthesis
Laland et al 2015

EES is not just an 
extension of the 
MS but a 
distinctively 
different 
framework
for understanding 
evolution.

The extended evolutionary synthesis
Laland et al 2015
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Nature, Oct. 2014

The extended evolutionary synthesis

http://extendedevolutionarysynthesis.com/
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Pastoralism and adults’ lactose 
absorption
Aoki 1986

Agriculture, malaria
and Sickle-Cell Disease  
Jackson 1996

Cultural Niche Construction and
Gene-Culture Coevolution

Cultural Niche Construction and
Gene-Culture Coevolution

Agriculture, malaria
and sickle-cell disease
Jackson 1996

Yam cultivators in West Africa: clearings increased the amount of
standing water, breeding grounds for mosquitoes, increased the
prevalence of malaria.
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Cultural Niche Construction and
Gene-Culture Coevolution

Agriculture, malaria
and sickle-cell disease 
Jackson 1996

Natural selection pressures in favor of an increase in the
frequency of the sickle-cell S allele because, in the
heterozygous condition, the S allele confers protection against
malaria.

Cultural Niche Construction and
Gene-Culture Coevolution

Agriculture, malaria
and sickle-cell disease
Jackson 1996
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Cultural Niche Construction and
Gene-Culture Coevolution

Aoki 1986
Pastoralism and lactose tolerance by adult humans

Pastoralism and lactose tolerance by adults

Lactase genes' silencing and sibling competition

x Mutation ~10ky, Turkey → Eurasia, to Great Britain,
Scandinavia, the Mediterranean, India (stopping only at the
Himalayas)

Other independent mutations for lactose tolerance:
1 in Middle East, 3 in Africa (Tishkoff et al 2007)
[not in the Americas, Australia, or the Far East].

Extremely fast spread; 80-100% (European populations)

BUT fermentation → lactose-free yogurt → → → hard cheese

Eurasia and parts of Africa: humans fermenting the lactose out
of dairy for thousands of years before lactose tolerance was
widespread. Why was milk consumption so beneficial?
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Pastoralism and lactose tolerance by adults

Less varied/healthy diet → disease
(first Neolithic farmers: tooth decay, anemia, low bone-density)

Civilization → Cities → rapid spread of infectious diseases.
Lactose tolerance → vitamin D and calcium deficiencies?
Pardis Sabeti: milk boosted women's fat stores & fertility?
Milk = fresh drinking water (pathogen-free)?
Tishkoff et al 2007: 4 different mutations (1 in Eurasia, 3 in Africa)

Everywhere that agriculture and
civilization went,  lactose tolerance 

came along. ´”Agriculture was 
worst mistake in human history”.

Jared Diamond (1997)

Gene-Culture Coevolution (cont.)

Next lecture:




