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Animals … are usually surrounded by a much wider range of environmental conditions
than they are willing to inhabit. They live in a highly heterogeneous ‘ambience’, from
which they themselves select the particular habitat in which their life will be passed.
Thus the animal by its behaviour contributes in a most important way to determining
the nature and intensity of the selective pressures which will be exerted on it.

Waddington, 1959, Evolutionary Systems – Animal and Human. Nature

The exploitive system



The exploitive system

Biological evolution…is carried out by a mechanism which involves four major factors: a 
genetic system, an epigenetic system, an exploitive system, and a system of natural 
selection pressures.

Waddington, 1959, Evolutionary Systems – Animal and Human. Nature





Niche Construction: The process whereby organisms, through their metabolism, 
their activities, and their choices, modify their own and/or each other’s niches.

Odling-Smee et al. (2003)

Marc FeldmanJohn Odling-Smee



Contemporary treatments of niche construction:

(i) Ecological and demographic models (e.g. resource depletion)
(ii) Frequency- and density-dependent selection
(iii) Habitat selection 
(iv) Co-evolution
(v) Maternal inheritance and maternal effects
(vi) Epistasis and indirect genetic effects
(vii) Gene-culture co-evolution
(viii) Adaptive dynamics
(ix) Other approaches (e.g. the extended phenotype)



“Organisms do not adapt to their environments. They 
construct them out of the bits and pieces of their worlds.”

Richard Lewontin (1983)

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

George Williams (1992)



The beaver’s dam
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“These activities … modify nutrient cycling and decomposition 
dynamics, modify the structure and dynamics of the riparian 
zone, influence the character of water and materials transported 
downstream, and ultimately influence plant and community 
composition and diversity”

(Naiman et al., 1988).
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Odling-Smee et al (2013) Quarterly Review Biology



A traditional interpretation An alternative interpretation

Aspects of niche construction studied 
under different labels (e.g. extended 
phenotype).

Niche construction typically reduced to 
genetically controlled aspects of 
phenotypes, or adaptations.

Niche construction treated as a product 
of evolution, but not an evolutionary 
process.

Views evolutionary causation as 
reciprocal (e.g. organism-environment 
co-evolution).

Niche construction may also result 
from acquired characters, byproducts, 
and output of multiple species.

Niche construction treated as a 
process that directs evolution through 
nonrandom modification of 
environments.

Waddington’s position may be closer to the latter.



Niche construction books and papers







“The history of science refutes both Popper and Kuhn: on close inspection both
Popperian crucial experiments and Kuhnian revolutions turn out to be myths.”

(Lakatos, 1978, p6)

Imre Lakatos

Science and Conceptual Frameworks



We know of many cases in which the environment of a particular locality…will produce
in individuals from some other region non-hereditary modifications which are strikingly
similar to aberrant forms which in the local population have become genetically
determined. Are we to suppose that such parallelism is completely beside the point,
and that evolution of a local genetically fixed ecotype has been based on mutations
which have occurred at random and are thus quite unconnected with the direct
developmental effects of the environment?

Waddington, 1957, The Strategy of the Genes



Pfennig et al. (2010) TREE

Developmental plasticity and speciation

Wund et al. (2008) Am Nat

Benthic

Limnetic

Mary Jane West-
Eberhard



A traditional interpretation An alternative interpretation

Developmental plasticity conceptualized 
as a genetically specified feature of 
individuals (e.g. a reaction norm).

Primary role for plasticity is to adjust 
phenotypes to environment.

Plastic responses regarded as pre-filtered 
by past selection.

Many plastic responses viewed as 
reliant on open-ended (e.g. 
exploratory) developmental processes.

Plasticity initiates evolutionary 
responses, and enhances evolvability.

Plastic responses capable of 
introducing phenotypic novelty, which 
can then be stabilized by selection.

Waddington’s position may be closer to the latter.



The effect of a gene mutation on the phenotype is determined by the interaction of the
mutant gene with all the other genes and with the environment during epigenesis.
Thus, if the epigenetic system has certain stabilities and instabilities built into it – as is
obviously the case – the effect of random changes in genes will not be random by the
time they are worked out into phenotypes.

Waddington, 1969, Towards a Theoretical Biology, 2. Sketches



Brakefield (2006) TREE, based on Albertson & Kocher (2006).

Developmental bias and adaptive radiation



A traditional interpretation An alternative interpretation

Bias in the generation of phenotypic 
variation treated as phylogenetic or 
developmental constraints.

Recognized in evolutionary analyses e.g. 
components of optimality models, G 
matrix in quantitative genetics.

Explains absence of evolution or of 
adaptation.

Bias in the generation of phenotypic 
variation considered an evolutionary 
cause or process.

Recognized as a major source of 
evolvability, crucial to understanding 
evolutionary diversification.

Explains existence of evolution and 
of adaptation.

Waddington’s position is clearly closer to the latter.



Laland et al, 2015



“All of the directions, controls and constraints of the developmental
machinery are laid down in the blueprint of the DNA genotype as
instructions or potentialities” (Mayr, 1984, p.126, my italics).

“The genome is sometimes described as a program that directs the
creation and behaviour of all other biological processes in an
organism. But this is not a fact. It is a metaphor. It is also an unrealistic
and unhelpful one” (Noble, 2006, p51).

Two views of development.
a. Programmed development

b. Constructive development



a. Programmed development

b. Constructive development
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Programmed development Constructive development





The Extended Evolutionary Synthesis Project

Pat Bateson

Marc Feldman Kim SterelnyTobias Uller Gerd Mu ̈ller

John Odling-SmeeEva JablonkaArmin Moczek

With thanks to…

Mary Jane West-
EberhardDoug Erwin Scott Gilbert Marc KirschnerWallace Arthur





EES assumptions

Laland et al, 2015
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The exploitive system



EES Predictions

Laland et al, 2015



Putting the extended evolutionary synthesis to the test

The John Templeton Foundation has awarded a major grant (£5.7m) to an international 
team of leading researchers for a three-year research program comprising 22 interlinked 
projects to put the predictions of the extended evolutionary synthesis to the test.

The research program will involve 29 PIs, based at eight funded academic institutions, plus 
a further 20 ‘satellite’ researchers.

(A) University of St Andrews: Kevin Laland, Andy Gardner, Graeme Ruxton, Maria Dornelas, David Paterson, Susan 
Healy, Mat Holden
(B) University of Lund: Tobias Uller, Charlie Cornwallis, Per Lundberg, Erik Svensson, Nathalie Feiner
(C) Stanford University: Marcus Feldman
(D) Cambridge University: Tim Lewens, Nick Hopwood, Marta Halina, Patrick Bateson, Paul Brakefield, Rufus 
Johnstone
(E) Santa Fe Institute: Jessica Flack, David Krakauer, Doug Erwin, Michael Lachmann
(F) Indiana University: Armin Moczek, Michael Wade
(G) Clark University: Susan Foster, John Baker, John Gibbons
(H) Southampton University: Richard Watson

Satellite researchers: Jonathan Birch (LSE), Ellen Clarke (Oxford), William Cresko (Oregon), John Endler (Deakin), 
Heikki Helanterä (Helsinki), Mia Hoogenboom (James Cook), Eva Jablonka (Tel Aviv), Hilton Japyassu (Bahia), Bram 
Kuijper (Exeter), Joshua Madin (Macquarie), Juha Merilä (Helsinki), Gerd Müller (Vienna), Denis Noble (Oxford), John 
Odling-Smee (Oxford), Emilie Snell-Rood (Minnesota), Kim Sterelny (ANU), Sally Street (Hull), Gunter Wagner (Yale), 
Stefan Williams (Sydney), Matt Wund (New Jersey).



Conclusions

1. Current interest in the role that niche construction (and plasticity) play in evolution
can be traced back to Waddington’s seminal writings.

2. Waddington’s ideas have had a pervasive influence on the emerging Extended
Evolutionary Synthesis.

3. Waddington’s ideas are recognized to be of considerable interest and importance
within the wider evolutionary sciences, although their impact on evolutionary
genetics is, as of yet, modest.
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