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Towards a theory of Extended Development

James Griesemer
University of California, Davis, USA

Abstract
General evolutionary theories have not yet successfully included a general theory of 
units of development, nor reconciled functional characterizations of development with 
its formal and material conditions, mechanisms and operations. I characterize what it 
means to “extend development,” appealing to a key bridge concept of “developmental 
scaffolding,” as a prelude to developing an extended developmental theory that might 
be incorporated into an extended evolutionary synthesis (EES). I distinguish theory 
extension, domain expansion, and practice integration as three different modes of 
“synthesis.” I discuss how various “centrisms” biasing the perspectives and principles 
of development needed to fully articulate an EES – adultocentrism, genocentrism, and 
finalism – can be avoided.

Debates on the need (or not) to extend the Synthesis somewhat resem-
ble the question of whether the glass is half full or half empty. Both the 
Darwinian Revolution and the Modern Synthesis were built on huge black 
boxes. … As far as I can see, such debates can go on forever. If, as seems 
obvious to me, the Synthesis has no essence, its extensions are negotiable. 
I consider this a Good Thing. (Callebaut, 2010, pp. 457–458)

Perhaps, however, reality is different. (Minelli, 2009, p. 62)

Introduction
Whether the modern evolutionary synthesis (MES) needs extending in an ex-
tended evolutionary synthesis (EES) or can remain loyal to MES’s core “stan-
dard evolutionary theory” (SET), is probably not a decidable question, given 
Callebaut’s remark, quoted above (compare Laubichler, 2010 vs. Minelli, 2010; 
Laland et al., 2014 vs. Wray et al., 2014). This is partly due to the facts that:
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1. social change (including among scientists) is rarely understandable from the 
inside while it is happening, 

2. what counts as overcoming a substantial empirical or theoretical challenge 
worthy of labels such as “revised,” “extended,” or “revolutionary” depends 
on one’s perspective, agenda, training, tools, and resources, not merely on 
an objective “fact of the matter” (and there are many different perspectives 
and so forth among the sciences where the MES vs. EES debate takes place), 
and

3. semantically, terms used by the many debate parties, such as “supplement-
ed,” “modified,” “extended,” “integrated,” not to mention “theory” and “syn-
thesis,” are meant in a wide variety of sometimes incompatible ways.

In particular, whether extension aims at an expanded domain of phenomena or 
a modified, enhanced, or somehow different theory of evolution than SET is 
masked by describing ESS as involving extension, integration, expansion, or the 
like without regard to the substantial differences in claims regarding concepts, 
theories, domains, practices, specialties, or disciplines that can all fall under the 
heading of “kinds of things one might synthesize.” 

Talk of environmental engineering, niche construction, multiple levels of 
selection, beyond-gene inclusive inheritance, phenotypic plasticity, develop-
mental constraint, evolvability, novelty, innovation, or modularity is often am-
biguous between calls for change of theory, domain or practice because the 
terms themselves are so flexible in application and meaning. Not that theo-
ries, domains and practices aren’t intertwined. But claims (and counter-claims) 
should still be clear and clearly distinguished for the sake of not talking past one 
another (unless talking past others for the sake of rhetorical gain is the goal).

In this essay, I seek to do three things: (1) express a view of “extension” as 
a technical term to be applied to theory-revision and theory-building, (2) artic-
ulate a not very standard view of what theories are, and (3) push beyond the 
rhetorical contest over whether SET is too hot, too cold, or just right to sustain 
MES. What’s too hot, too cold, or just right is a subjective matter open to many 
different correct answers (Callebaut, 2010; Minelli, 2010). 

To try to make good on (3), I pursue a very abstract theory of development, 
one designed to connect to evolutionary theory (and evolutionary theory to it). 
This theory is so abstract that it will likely be as unsatisfying to nearly everyone 
as Darwin’s (1859) bare characterization of evolution as “descent with modifica-
tion” or its more principled modern expression by Lewontin (1970) as a process 
occurring whenever there is heritable variation in fitness among the members 
of a population. I offer it, not as an answer, but as an abstract principle from 
a specific theoretical perspective to prompt a fresh look at old models and to 
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entertain new and different styles of modeling that might be found in either the 
MES or EES “traditions” (if the latter can yet be called that).

A key to making an abstract principle less unsatisfying is to show where it 
affords the development of bridge concepts that might do the work of linking 
abstract theories of evolution, development, and ecology in a way that, even-
tually, might lead to better theoretical models, suggest new ways of looking at 
old phenomena, make sense of new phenomena, and guide exploration of new 
domains. I propose that “developmental scaffolding” is one such bridge concept 
linking evolutionary considerations of functional arrangements in the service of 
evolutionary adaptation beyond the body of a developing “unit” (for want of a 
better abstraction from “organism”) with form in the service of developmental 
construction, again beyond the body of some developing “unit.”

Decentering centrisms
My general assessment of the state of EES (reviewed in Müller, 2017) is that 
it has done a very good and interesting job of pointing to proposed or in-the-
works extensions – albeit ambiguous between theory, domain and practice – of, 
or beyond, or side-stepping SET to consider multiple levels of selection (group 
selection, gene selection, kin selection, species selection, community selec-
tion), ecology (ecological engineering, niche construction, phenotypic plastici-
ty), and inheritance (epigenetic, behavioral/neuronal, cultural). It has oddly not 
done that much to extend concepts of development. It is true that developmen-
tal thinking within evo-devo has expanded beyond initially narrower starting 
points, mechanisms, and research methods (classical embryology, morphology, 
developmental genetics), but one doesn’t have a sense of a general theory or 
principle of what development is beyond the slogans of decades or centuries 
past. This seems to me a lacuna in EES.

My plan is to offer one way of characterizing what “extended development” 
might mean and what the project of extending development might contribute 
to a version of EES. I advance ideas about extending development prompted by 
a perspective on development and evo-devo due in significant degree to Minelli 
(2003, 2009, 2010, 2011, 2014, and elsewhere). Minelli (2009, p. 65) urged that 
development is a science which explores “[…] the border between possible and 
impossible forms; on those laws or rules whose existence we begin to suspect 
when our expectations are so blatantly proved wrong.” It is a key insight of 
those who seek a dialogue or rapprochement of evolution and development that 
developmental biology is a science of what variations can be produced and thus 
what variation can be available to evolution. It is a science of both construction 
and constraint. But on what? What are the “units” of development that figure 
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in a theory of development which might connect with a theory of evolution?
A second feature of Minelli’s perspective is that developmental biology 

should follow evolutionary biology’s lead and rid itself of “finalism.” This prepa-
ratory step is needed for a coherent synthesis of evolutionary and developmen-
tal theories, domains, practices, disciplines (or whatever it is synthesis is to be 
about). Finalism in evolution took the form of a teleological tendency, carried 
over in the transformation of Paleyan design-based explanations of adaptation 
into Darwinian selection-based accounts. Although modern neo-Darwinism 
proclaimed itself free of teleology, it took a long time for biologists to stop ap-
pealing to “the good of the species” or to evolutionary outcomes as explanations 
of the causes of the evolution of adaptive traits. Popular expressions of evolu-
tionary ideas still have not all done so, and Gould and Lewontin (1979) were still 
complaining about. In developmental biology and even more so in embryology 
proper, finalism often takes the form of what Minelli calls “adultocentrism,” 
treating stages of development prior to the achievement of adulthood as merely 
preparatory rather than confronting “the developmental phenomena for what 
they are, hic et nunc, without unwarranted projections toward a future (the 
adult condition) […]” (Minelli, 2009, p. 90). 

A third feature of Minelli’s perspective is shared with many who endorse 
EES, a rejection of “genocentrism.” Although the history of evo-devo is as much 
anchored in comparative evolutionary morphology as it is in molecular devel-
opmental genetics (Love, 2003), the latter – conceptually – only shifted genocen-
trism circa the modern synthesis away from its emphasis on “structural genes” 
and point mutation as sole sources of variation with its placement of almost all 
causal weight on selection (modulo drift) for explaining the directionality of 
evolution, toward an emphasis on gene expression and regulation, but with no 
clear theoretical insight into how to construct a “source law” (Sober, 1984) for 
the “guided,” “facilitated,” “constrained” variation that emerges in development.

Expanding domains, extending theories, integrating practices
Entertaining a role for developmental biology in an EES faces the immediate 
challenge that words commonly used to describe extension and synthesis and 
why an extended synthesis is needed (Müller, 2017) mean such a wide variety 
of things to authors with such a wide variety of goals and perspectives, that it is 
hard to pin down the project(s). As with the architects and proponents of MES, 
from Dobzhansky, to Mayr, to Simpson, to Stebbins, (not to mention Huxley, 
Haldane, Wright, Fisher, Hogben, Chetverikov, Krementsov, Rensch, Schmal-
hausen – see Callebaut, 2010, p. 453; Wray et al., 2014), it is not at all clear that 
proponents of EES, any more than those who support continued allegiance to 
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MES, march under the same programmatic orders even if they fly the same flag. 
I will use the term “extending” for theories, “expanding” for domains of phe-
nomena or subjects of study, and “integrating” for practices. Theory extension 
works by building out from (and maybe modifying) a core theory to incorporate 
new theoretical principles (perhaps from another theory). Domain expansion 
adds phenomena to the scope of a field of study, altering the subject matter of 
a line of work, specialty, or discipline. Practice integration incorporates a prac-
tice into a workflow from other lines of work, specialties, disciplines, possibly 
changing what work is produced or changing interpretations.

I think one challenge to EES is to not think of theories strictly or solely in 
terms of the mathematical equations of population/quantitative genetics. Al-
though mathematical equations are often labeled “theory,” it may be more ap-
propriate to treat the math as models of/for a theory (see Griesemer, 2013). A 
somewhat more eclectic notion of “theory” as: (1) a set of principles expressed 
in terms of core concepts, together with (2) a family of models and (3) a perspec-
tive (that shapes model-building, phenomenon identification or construction, 
and delimits a domain of study) can also describe the mathematized theories 
familiar from textbooks. A virtue of this looser, distributed view of “theory” as 
comprising these three kinds of components that together do the work of theo-
ries traditionally conceived as “laws of nature,” is that theory extension can be 
seen to occur via a variety of modes (addition, subtraction, modification, recom-
bination) of operation on concepts, principles, models, or the perspectives that 
coordinate activities relating models to phenomena. To make a claim of theory 
extension clear, the mode (addition, subtraction, modification, recombination) 
and target (concept, principle, model, perspective) must be specified.

It is not part of theory change, on this picture of theories, to expand (or 
contract) the domain of study. Noting that celestial mechanics also applies to 
terrestrial motions is not theory change in that the equations of motions are 
not altered, but if it is part of the perspective of the mechanics that guides ap-
plication only to extremely massive objects, the discovery that the very same 
equations of motion explain smaller terrestrial object motions involves not only 
a change of domain, but a change of perspective, which is a form of theory 
change on the present account of theories. Some EES proponents seem to call 
for theory change on the grounds that they think the domain of evolutionary 
theory should include the so-called extended phenomena but only assume this 
would entail or demand a change of perspective (on how to build models, on 
what aspects of phenomena are relevant to extended evolutionary explanation, 
and so forth). Some MES defenders regard these phenomena as “covered” al-
ready by SET, so that no change of perspective or perhaps even any significant 
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change of models is required to “accommodate” such phenomena as part of a 
domain expansion, but not as a theory extension. This seems to mark one differ-
ence, for example, between Laland et al. (2014) and Wray et al. (2014). 

Extended synthesis can thus mean three kinds of things: (1) theory exten-
sion from some starting theoretical core to incorporate or accommodate other 
theories (or components of theories), (2) domain expansion to include other phe-
nomena to study under the umbrella of a theory and guidance of its perspec-
tive, or (3) practice integration to include methods, protocols, procedures (with 
their tools, instruments, and funding streams) within a workflow. Each of these 
modes of synthesis can proceed independently of the others, though more often 
they involve mutual adjustment and inter- or multi-disciplinary conversation 
and negotiation to succeed.

A fuller treatment of these distinctions would fit well the “population genet-
ics synthesis” (Provine, 1971) preceding the MES, extending Mendelian trans-
mission genetics to phenotype change by “reconciliation” of Mendelism and 
Darwinian selection theory. It would also fit well the various ways in which 
“inclusive inheritance” theories from group selection to Price covariance equa-
tions to epigenetic inheritance to generalized transmissible inheritance extend 
beyond SET by adapting the well-established framework of quantitative evolu-
tionary genetics (Wade, 2016, Price, 1970, Frank, 1995, Tal et al., 2010, Danchin 
et al., 2011). But that is a story for another essay.

Extended evolutionary synthesis
Extended evolutionary synthesis extends core neo-Darwinian principles – Dar-
win’s Principles of variation, heritability, and fitness differences – interpreted 
through the lens of population genetics (Lewontin 1970) – to multiple levels of 
compositional organization (multi-level selection theory, Wade, 2016), to en-
vironments (niche construction theory, Odling-Smee et al., 2003), to multiple 
levels of inheritance (group and community as well as individual and fami-
ly heritability, Goodnight, 1990; reviewed in Wade, 2016), to multiple inheri-
tance systems or modes (epigenetic, behavioral, and cultural, as well as genetic, 
Jablonka and Lamb, 2005) (see Pigliucci and Müller, 2010; Laland et al., 2015; 
Müller, 2017). 

As I interpret “extended synthesis,” the open theoretical question is to what 
extent and in what ways the core of neo-Darwinian theory must be modified 
to accommodate various theory extension(s). We have seen various theory ex-
tensions that involved changes to the core population genetics theory: from 
simple allele frequency change to include trait change, from additive to in-
clude non-additive phenotypic effects of alleles, from single level (organism) 
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to multi-level selection and heredity, from fixed fitness to frequency, density, 
and environment-dependency. What about more radical changes, such as to 
the concept of the genotype-phenotype map itself (Wagner and Altenberg, 
1996; Wagner, 2014)? What about changing the assumption of simple random-
ness: in the generation of variation beyond simple random point mutation or 
simple probabilities of chromatin rearrangements (recombination, inversions, 
deletions, translocations)? What about changing assumptions of uncontrolled, 
unregulated generation of variation from “above” (by the cell, by the organism, 
by the environment)? A different question, typically debated in the literature, 
concerns whether core neo-Darwinism can be applied without modification to 
phenomena outside its classically understood domain (Minelli, 2010; Wray et 
al., 2014) or not (Laubichler, 2010, Laland et al., 2014). Often these questions 
are conflated. Surely the latter is true, as traditionalists point out, because in 
a sense the equations of population genetics are analytic truths: all manner of 
un-tracked, non-additive causal factors are “included” in the “error” or “envi-
ronment” terms of population genetic equations. The question really is what 
we learn from such claims of “extension.” If all the action is in the non-additive 
terms, or indeed, if the values of the additive terms change as a function of the 
non-additive ones, then while “applicable,” the traditional equations don’t tell 
us much.

While evo-devo and eco-evo seem to extend evolutionary theory to devel-
opment and ecology, at least in the former case, the theory of development still 
seems tethered to a traditional notion of ontogeny from egg or seed to adult 
organism. This is not only incongruous, it is theoretically limiting. The units 
of investigation in an extended evolutionary synthesis should include many 
sorts of biological “systems” that are not “organisms” in the traditional sense. 
Holobionts, for example, are living systems comprised of “macrobes” (the host 
macro-organism) together with their symbiotic microbes (e.g. Gilbert, 2019 this 
volume) and practitioners take these to be units of investigation (Lloyd, 2017). 
Whether holobionts have a “development” of their own should be an askable 
question within an extended evolutionary framework. While this emerging line 
of work or specialty seems intent on including ecological and genetic inter-
actions of microbes and “macrobes” in the development of each, the question 
of collective development of holobionts is barely asked (but see e.g. Griesemer, 
2017).

Extending development
Here’s a principle of development that extends development in space, time and 
functional role beyond their traditional scopes of the organism (life trajectory 



326 James Griesemer

from egg/seed to adult) and production of “adult” form. “Development is the 
recursive acquisition (over a compositional hierarchy of parts and wholes) of 
a capacity to reproduce. Recursion bottoms out in ‘null development’ in which 
progenerated [component] entities are born ‘ready-made’ with a capacity to 
develop, rather than having to acquire a capacity to develop” (Griesemer, 2014, 
p. 187). An entity is progenerated (propagule generated) if it is made from ma-
terial parts of a pre-existing entity (“parent”) and (at least some of) the material 
parts convey developmental capacities to the new entity (“offspring”) via the 
transfer of parts.

The materiality of the parts anchors the account as a spatial, compositional 
concept and differentiates it from views that permit development to be driven 
by transmission/propagation of purely formal information rather than transfer 
of material parts. But unlike traditional views of development as an unfolding, 
or growth/maturation, or differentiation of parts, or even an informing upon 
parts to produce adult form, the spatial extent of development is not limited 
to cellular units nor their multi-cellular compositions: the spatial extent of de-
velopment can be smaller in spatial scale – non-cellular entities such as mole-
cules can develop – and so can supra-organismal entities such as (some) groups 
of organisms and possibly even more inclusive (social) entities (see Griesemer, 
2000, 2013, 2014). Because development on this view is recursive, it envisions 
development at multiple levels of compositional organization, not necessarily at 
a single level, such that, say, only cell-based organisms develop. The view does 
not suppose a cell-centrism about its “units.”

The view envisions development as a process of acquiring a capacity (to 
reproduce). The realization of the capacity to reproduce is perhaps necessary 
for the fulfillment of the developmental process, but not necessarily for its in-
stantiation, so developmental processes can be completed on a shorter time 
scale than some traditional views of what it takes to achieve “adult form” (e.g., 
including sexual maturation). While this may appear to narrow the concept of 
development, by tying it to reproduction, the way reproduction is handled by 
the account suggests this is not so: any process that provides a path to propa-
gule generation, whether or not progeneration occurs, can count as a “develop-
ment.” And the recursion can be rather shallow: cell division is a developmental 
process leading to the progeneration of two daughter cells from an ancestral 
one. The “null development” in cell division is simply the autocatalytic produc-
tion of the molecules necessary for cell growth and division. 

Moreover, some developmental processes (in complex life cycles) may take 
more than a single “organism” generation to be fulfilled, so the time scale of 
development may be longer than traditionally conceived within-generation life 
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trajectories and involve more temporally extensive developmental lineages (see 
Griesemer, 2016). While it is more standard to consider that some (multigener-
ational) life cycles include more than one individual (and individual develop-
ment) (see Minelli and Fusco, 2010; DiFrisco, 2019 this volume; Fusco 2019 this 
volume; Fusco and Minelli, in press), here I allow development to be “stretched” 
beyond organism life trajectories to acknowledge that some developments of 
groups or complexes of organisms (as well as “multi-generational” parasite life 
cycles within single host life trajectories). (Thanks to Giuseppe Fusco for em-
phasizing this contrast.)

The view envisions the function of development in terms of reproduction 
rather than in terms of a specific morphology or form to be achieved, while the 
materiality of the process insures that some form or other may be a typical or 
evolved form that achieves a developmental outcome. The functional character-
ization permits development to range over functional forms much broader than 
current or traditional concepts of development anchored in exemplary study or 
model organisms. The concept of development is abstracted from any particular 
cellular or mechanistic mode or form of outcome, so one can imagine modeling 
development in non-cellular processes such as proto-cell evolution, non-biolog-
ical processes of cultural development resulting from social interactions among 
biological (and other) constituents, and can even envision inorganic systems 
of artifacts as developmental entities (see Griesemer, 2014 for discussion; also 
Wimsatt and Griesemer, 2007).

As a principle of development, the account on offer can be considered a 
component of a theory of development, which would need a family of models 
and a perspective to round out the theory. That is a task for a different essay. 
But it is important to note that this principle of development is embedded in 
a more inclusive account of reproduction (Griesemer, 2000, 2013, 2014, 2016, 
and elsewhere). Reproduction is a central concept and process in all of biology 
and in evolutionary biology in particular. Darwin’s background Malthusianism 
driving his view of evolution as a fundamentally competitive process has at 
its heart a concept of multiplication or “increase” which can be grounded in 
reproduction. So the principle of development offered here can be linked to 
evolutionary theory through an account of reproduction.

A key idea that makes these extensions in space, time and function more 
concrete is the concept of a developmental scaffold – an entity involved in facil-
itating a developmental process but which is typically conceived as part of the 
environment of a developing entity, yet must be in intimate contact and inter-
action with a scaffolded entity to play a scaffolding role. An example of devel-
opment that can be interpreted as scaffolded is reported in Rampho et al. (2011). 
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It concerns the green sea slug, Elysia chlorotica, which feeds on the filamentous 
alga Vaucheria litorea. Sultan (2015, pp. 32-33) describes it as a case of “co-con-
struction” of the organism and its environment, which it certainly is. The larval 
sea slugs feed on the alga, sucking out the contents, and in the process acquire 
intact chloroplasts from their prey which become incorporated intracellularly 
in the digestive diverticula cells of the sea slug. The sea slug becomes photosyn-
thetic for the rest of its 10 month life span. Although this incorporation marks 
a change in developmental trajectory for the sea slug (from heterotroph to fac-
ultative autotroph), it can also be understood as a case of scaffolded develop-
ment in which a developmental transition is facilitated by the alga. According 
to Rampho et al. (2011, p. 306), in their artificial seawater culture studies. 

Successful planktotrophic development was recorded for all developing lar-
vae that were fed a unicellular algal diet of Isochrysis galbana. Metamorphosis 
of larvae to the juvenile stage requires the presence of V. litorea filaments. Im-
mediately following metamorphosis, the juveniles begin feeding on the fila-
mentous alga, engulfing plastids and turning green. A transient nature to the 
plastid symbiotic association is observed in recently metamorphosed juvenile 
sea slugs if removed from the presence of V. litorea too soon (less than ~6 days); 
this also results in cessation of their morphological development. Plastid uptake 
until the establishment of irreversible kleptoplasty appears to be required for 
full adult development and survival, although one report of ‘albino ghost’ E. 
chlorotica was documented in 1986 (Gibson et al., 1986). Establishment of the 
kleptoplastic association involves specific recognition processes that comprise 
at least two steps: (1) planktonic larvae require V. litorea filaments to be present 
for settlement and metamorphosis to the juvenile stage, and (2) adult devel-
opment requires uptake and retention of V. litorea plastids by cells lining the 
digestive diverticula. 

Thus, although it appears early developmental stages of the sea slug can 
subsist on other algal species (I. galbana), feeding on V. litorea not only provides 
food, but also facilitates metamorphosis. Although Rampho et al.’s studies show 
this scaffolding interaction necessary for metamorpohsis, one can imagine that 
early in the evolution of this symbiosis, the alga aided/facilitated metamorpho-
sis and subsequently evolved into an obligate symbiosis.

Expanding form and function
Maps (Winther, in press), models (van Fraassen, 2006; Giere, 2007) and scaffolds 
(Bickhard, 1992) are all characterized functionally – in terms of what they do 
and what they are for, e.g. for representation/navigation, representation/exem-
plification, or construction/facilitation – rather than in terms of what they are 
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made of or how they are put together. The maddening thing about functionally 
characterized concepts is that anything can be one – provided they are used in 
a way appropriate to fulfilling the role. Salt and pepper shakers may not be very 
good models of Sun and Earth to demonstrate planetary motion, but they can 
be used as such. A puddle in the driveway may not be a very good habitat for a 
tadpole to develop in, but it can serve the purpose. The realizers have structures 
(forms, organizations), of course, and some structures are more suited to play 
the functional role than others, given the particularities of target, context, pur-
pose of use, and audience for any material realizer of a map, model or scaffold. 

We pick out the salient structure/form/organization of a map, model, or 
scaffold once the function(ing) has been identified. Form follows function, one 
might say, in terms of the order of discovery – we see how the arrangement of 
parts serves the function. When it appears otherwise, it is likely that the observ-
er is already familiar with the characteristic forms used to fulfill a function or 
perform a functional activity. That said, a designer of a map, model or scaffold 
likely has a function already in mind and goes straight to organizing materials 
into a suitable structure so as to serve the function. Function follows form, one 
might say, in terms of the order of construction.

Eco-devo (Gilbert, 2001; Gilbert and Epel, 2009; Sultan, 2015), ecological de-
velopmental biology, recognizes that environments are critical and substantial 
players in development. In addition to providing mates, competitors, predators, 
prey, habitat and all the usual “services” described by ecologists, environments 
provide triggers, scaffolds and prostheses as aides, facilitators and enhancers 
of developmental processes (Griesemer, 2014, p. 186). Light may trigger, a sub-
strate may orient, or an abandoned shell may enhance development.

Developmental scaffolds are facilitators of development. Developing enti-
ties often depend on order provided by their environments to organize aspects 
of their development. Developmental scaffolds can be anything from a mineral 
substrate to an abandoned nest hole to a parent organism to a peer teacher to 
a member of another species in symbiotic or mutualistic interaction, so long as 
the functional role affects development. “Scaffolding refers to facilitation of a 
process that would other-wise be more difficult or costly without it, and which 
tends to be temporary – an element of a maintenance-, growth-, development-, 
or construction process that fades away, is removed, or becomes “invisible” 
even if it remains structurally integral to the product” (Griesemer, 2014b, p. 26; 
following Bickhard, 1992).

These ideas suggest an expansion of the domain of developmental phenom-
ena, as has already been suggested by eco-devo and evo-devo: to consider phe-
nomena in the environment as potential aspects and causes of development, 
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to consider entities above and below organism level as possible units of devel-
opment, and to consider processes shorter and longer in time scale than life 
trajectories from egg/seed to adult. The view of development offered here also 
suggests extending the concept of development, and thus the principle of de-
velopment, and thus (one kind of) theory of development beyond traditional 
notions as well. 

The unit of development suggested by my account that is relevant for evo-
lution may be a strange hybrid entity: the developer plus scaffold. Although 
often a rather temporary “group,” a developer and scaffold form intimate bonds 
(as intimate as those between human parent(s) and children, or infecting para-
site and host, see Griesemer, 2014b and 2014a, respectively). Because, as argued 
elsewhere, following Bickhard (1992 and elsewhere), developmental scaffolds 
can have fitness consequences, they can be directly connected to Darwinian, 
neo-Darwinian, modern synthetic, and extended synthetic theories of evolu-
tion, though the argument is far beyond the scope and limits of this brief essay 
(see Griesemer, 2014a, 2014b, 2016).

‘Scaffold’ is thus a bridging concept for a possible extension of evolution-
ary theory and expansion of evolutionary biology’s domain. It extends SET by 
characterizing a functional, fitness-altering role for parts of environments that 
become (temporarily) parts of developing units but which are not recognized as 
parents in the usual genetic sense of cellular entities like gametes or buds car-
rying genomes to offspring. Scaffolds play a role in the constructional processes 
generating and changing form and ultimately, if successful, in generating in the 
developing unit a capacity to reproduce.

It remains to be seen if new forms of mathematical model can be built along 
lines of the principle of development and concept of developmental scaffold 
described here. Previous work has articulated a “reproducer perspective” that 
might help guide such work. It seems plausible that models mimicking some as-
pects of the form of niche construction models might be appropriate for devel-
opmental scaffolding. Both involve feedback from environments that alter se-
lection coefficients and fitness functions, both involve active roles of developing 
entities in shaping the environments that provide the feedback. In the case of 
scaffolding, this active construction involves whatever developers do to enroll, 
engage, or recruit scaffolds. Scaffolds appear “ephemeral” compared to genomes 
(though I have argued that genomes themselves may, in effect, be viewed as 
“internalized” scaffolds incorporated into cell dynamics over the time scale of 
evolution from proto-cells to fully cellular life, see Szathmáry and Griesemer, 
2009). In that respect, scaffolding dynamics may be more like epigenetic inheri-
tance systems than genomic systems. In any case, a full theory of development 
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relying on the principle of development and concept of developmental scaffold-
ing require a family of novel, distinctive models.

Extension of SET along these lines should lead to an “etho-eco-devo-evo,” 
since behaviors of developer and scaffold, as well as their ecological interactions 
and impacts on the trajectory and fitness consequences of development, are 
central to their functional roles in scaffolding interactions.

Conclusion
I offered a principle of development and concept of developmental scaffolding 
to indicate one path to a full theory of development. I argued that a theory of 
development is needed if SET is to be extended to include development, given 
my use of ‘extension’ as a technical concept applying to theory development 
rather than to domain expansion or practice integration. 

Perhaps the proposed path is radical, in that it accommodates a kind of hy-
brid entity or unit – developer plus scaffold – that biological scientists would 
perhaps not consider even worthy of exploration and certainly not worth com-
mitting valuable and limited time, money or effort to develop. I would point 
out, however, that domain expansion to include such hybrids is compatible with 
treating the narrower domain of traditional biology covered by SET as a spe-
cial case. Given the present state of theory in biology, the main tension is with 
the perspectives that have guided the development and applications of SET. It 
remains to be seen whether models of transmission and expression for such hy-
brid systems, analogous to genetic models of Mendelian transmission and mo-
lecular gene expression, would be compatible with SET models as special cases. 
It is hard to envision a “genetics” with such radical violations of Mendelism as 
are implied by the notion that a “parent” could be an artifact or a stone on a 
river bank. On the other hand, Johannsen wasn’t sure that genes were material 
objects at all when he coined the term “genotype” (see Johannsen, 1911), nor 
was Darwin (1859) sure of the “laws of life” when he based his selection account 
of “modification” on a completely black-boxed assumption of laws of inheri-
tance. So a theory of development that is open to non-cellular, non-adultocen-
tric, non-finalistic accounts of developing entities as developer-scaffold hybrids 
and their role in an extended evolutionary theory may not be so radical after all.
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