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Abstract

Lala et al.’s (2024) Evolution Evolving is an excellent book. It offers a compelling
case for the relevance of development to the study of evolution. It takes a pluralistic
stance on the forms of understanding that development can offer, endorsing both
structuralist and adaptationist insights, and gesturing to the links between them. It
also succeeds in articulating some striking exemplars for how to link the study of
development and evolution, in a way that may be able to overcome the limitations
of some earlier approaches in the same vein. The critical sections of this review
focus on the precise picture Lala et al. offer of how developmental processes con-
tribute to the generation of novel adaptation, and also on their causal interactionist
image of how selection and developmental are related.

Keywords Adaptation - Development - Extended evolutionary synthesis - Modern
synthesis - Salience

Understanding evolution

A ‘philosophical naturalist’, as Darwin (1859) understood that label, is not content
with a mere catalogue of the species found around the world, their makeup and hab-
its. Instead, the philosophical naturalist aims at an explanation of why the globe is
populated with one set of species rather than another, why those species have the
morphological and behavioural features they do, why they differ in some respects
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and are similar in others, and even why the organisms that we encounter can be clas-
sified into moderately well-delineated species at all. Darwin’s approach to evolution
was intended to offer just such a ‘philosophical’ response to these diverse questions
(Lewens 2007).

If one starts with such a capacious set of expectations for what a theory of evolu-
tion might achieve, it is by no means obvious why such a theory would end up being
defined as one that can account for fluctuating gene frequencies in populations. In
1942, Sewall Wright gave a clear rationale for taking such a gene-focused approach:

We need a means of considering all factors at once in a quantitative fashion.

For this we need a common measure for such diverse factors as mutation, cross-
breeding, natural selection and isolation. At first sight these seem to be incom-
mensurables but if we fix attention on their effects on populations, rather than
on their own natures, the situation is simplified. Such a measure may be found
in the effects on gene frequency in each series of alleles. (Wright 1942: 225)

If one thinks of evolution in terms of changes in gene frequencies in populations, then
it is possible to make a plurality of factors commensurable.

It is not built into such a perspective that genes have downstream developmental
effects all by themselves, without any need for additional genetic and environmental
contributions: in that respect, the approach recommended by Wright does not involve
any form of misguided genetic determinism (see Waters 2007). It is, however, built
into such a perspective that exactly #ow genes produce their effects is far less impor-
tant than the fact that they have some moderately stable effects across generations.

Of course, mainstream evolutionary models have long focused on the ways in
which genes interact with each other to modify these effects: frequency-dependent
selection shows how the fitness payoff associated with the possession of a given gen-
otype depends on the proportions of alternative genotypes in the population; attention
to epistasis captures the ways in which the effects of a given gene can change accord-
ing to the context of other genes present within the genome. Even so, these more
complicated models also assume some reasonably stable effect: a genotype that gives
rise to a behavioural strategy, even if it does not control the final fitness contribution
of that strategy; or an allele at one locus that masks the otherwise stable tendency to
produce a phenotypic trait of an allele at a different locus. In other words, this per-
spective does not deny that development occurs, but it does make its relevance for
understanding evolution hard to grasp.

In this exceptionally ambitious and impressive book, Lala and collaborators
simultaneously aim to show how an understanding of development is essential to an
understanding of evolution, while also showing how the very idea of what evolution
is needs to change when approached from a thoroughly developmental perspective.
This redefinition might seem like cheating: it is easier to make a case for how devel-
opment might be relevant to evolution if one also revises one’s account of what evo-
lution is. But there is no sleight of hand: I will try to show here that a re-conception of
what evolution is follows naturally from the reoriented perspective on evolutionary
processes that Lala et al. tenaciously, and to my mind successfully, defend.
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Developmental adaptationism

One distinctive feature of this book is a pluralist stance on the sorts of insights that
can derive from a developmentally-informed approach to evolution. The relevance
of development has sometimes been asserted from a broadly structuralist, rather than
adaptationist, stance (Amundson 2005). This strand of evolutionary developmental
biology has drawn attention away from adaptationist questions of the form ‘What is
the ecological rationale for building an organism this way?’, and instead towards a
series of questions that do not immediately concern differences in fitness (Lewens
2009a). Such questions might, for example, look to generic thermodynamic consid-
erations that make some organic structures more stable—and hence more robustly
instantiated across lineages—than others (see Newman and Miiller 2001). So rather
than asking why different traits, all of which are potentially available, have nonethe-
less fared differently in populations, one instead asks why the nature of developmen-
tal systems means that some traits are never available for selection in the first place
(Amundson 1994).

Lala et al. make use of this broadly structuralist style of question and answer,
although they prefer the language of developmental bias to developmental constraint.
This preference, it seems to me, is primarily a matter of emphasis: on their view,
developmental processes make it the case that some pathways for phenotypic change
are more likely to be followed than others. One can either place emphasis on how
such processes close off some areas of phenotypic space, or one can place empha-
sis on how those same processes encourage other areas to be explored. Indeed, the
basic notion of affecting the distribution of available evolutionary pathways contains
within it a comparison, and one can either frame a description of these facts in terms
of lowering the probabilities of one set of pathways, or raising the probability of a
contrasting set (Yang 2025). The notion of developmental ‘bias’ thereby captures
both the probability-raising and concomitant probability-lowering influence of devel-
opmental processes on subsequent evolutionary trajectories.

Although a matter of emphasis, this preference for ‘bias’ rather than ‘constraint’ is
worth insisting on: it would be a mistake to deny a positive role for development in
facilitating adaptation. Lala et al. go further along these lines, stressing more generic
roles for modular developmental organisation in the explanation of adaptation (2024:
72-3). Organisms cannot be so tightly integrated that cumulative adaptation will
always be sabotaged when the knock-on effects of minor improvements to one trait
are accompanied by deleterious knock-on effects on the rest of the organism. On the
other hand, they cannot be so loosely integrated that the organism falls apart (see
Lewontin 1978; Kauffman 1993; Walsh 2003; Lewens 2004, among many others).

I say that their approach is pluralist in spirit, because Lala et al. do not limit them-
selves to bias and modularity when they spell out how development and adaptation
are linked. They sometimes take a broadly adaptationist perspective on developmen-
tal processes. This adaptationism is not restricted to the obvious fact that develop-
mental pathways can make a difference to the organism’s fitness; they go further,
pointing to the adaptive evolution of inheritance systems, understood as processes
enabling repeated patterns of development. This approach is reminiscent of the infor-
mational approach to major transitions in evolution. Recall that one of the origi-
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nal features that Maynard Smith and Szathmary used to characterise evolutionary
transitions was the arrival of new modes of information-transfer across generations.
Hence they offered, as examples of such transitions, ‘the origin of the genetic code,
of sexual reproduction, of epigenetic inheritance and of human language’ (Szathmary
and Maynard Smith 1995: 227).

Maynard Smith and Szathmary could also have used the title Evolution Evolving
for their work. They, too, took it that informational evolutionary transitions affect the
character of evolutionary processes, while also being consequences of evolutionary
processes. Lala et al. move beyond that earlier view in a variety of respects. One is an
adaptationist approach to the prediction of environmental change at multiple times-
cales, and not merely to the cross-generational transmission of inherited information.
The question of how the organism should best anticipate a changing environment is
one that can itself be understood from an engineering perspective; that is, a perspec-
tive that asks what forms of; (i) monitoring of ecological change, and (ii) transfer
of information over time, are likely to be most effective. They put it like this: “We
envisage an evolutionary process in which genomes and robust parental effects (over
hundreds to thousands of generations), cultural knowledge (over tens of generations),
epigenetic modifications (over a handful of generations), other parental effects (over
a single generation), and phenotypic plasticity (in the current generation) collectively
contribute to adaptive evolution’ (Lala et al. 2024: 167).

Lala et al.’s adaptationist stance on the emergence of altered systems of inheritance
over time explains the title they chose for their book: evolution itself can evolve.
They could also have written in terms of development being subject to developmental
change: the developmental activities of organisms in one generation have knock-on
effects on the reformulated developmental processes of the organisms in subsequent
generation. This option is made attractive by another difference with respect to May-
nard Smith and Szathmary. Lala et al.’s championing of niche construction leads
them to place far more stress than their predecessors on the developmental role of
environmental resources. An organism’s developmental environment is in part con-
stituted by the legacies bequeathed by other organisms, giving rise to reciprocal rela-
tionships between development and evolution. Hence the developmental activities of
earlier generations influence how individuals in the next generation develop (what
Stotz [2017] has called ‘developmental niche construction’), while also influencing
the environmental challenges to which they must respond (roughly speaking this is
Stotz’s ‘selective niche construction’). Indeed, Lala et al. link the themes of inheri-
tance and environmental influence in ways that gesture (albeit briefly) towards the
payoff of regarding organisms as agents (Walsh 2015; Sultan et al. 2022). Organisms
do not merely affect their environments willy-nilly; they exert control over them in an
agent-like manner. This, in turn, means that the environment that will be encountered
by future generations is not merely something for the current generation to predict
on behalf of their offspring. Instead, its features come substantially within the earlier
generation’s control: ‘Organisms cannot know what they will encounter in time to
come, and are forced to wager that the future will be sufficiently like the past to make
inherited information valuable....Far from being only a matter of chance, the induc-
tive lottery is rigged by sly incumbents’ (Lala et al 2024: 129).
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So Lala et al. encourage both an adaptationist and a structuralist recognition of the
importance of development for evolution. There is no contradiction here because (as
I will explain in further detail at the end of the next section), a structuralist perspec-
tive is important in grounding a reasonable approach to adaptationist explanation
(Lewens 2004).

Who denied development’s relevance?

Lala et al. are in the business of offering a corrective to what they take to be the
modern synthesis approach to evolution: ‘The founders of the modern evolution-
ary synthesis laid great emphasis on the distinction between the lifetime of an indi-
vidual organism from conception to death (its “development”) and the biological
history of the species (its “evolution”)’ (2024: 44). No one—including proponents
of the Extended Evolutionary Synthesis (EES)—advocates abandoning this distinc-
tion altogether. The evolution of a lineage really does need to be distinguished from
the development of an individual, even if the evolution of a lineage is nothing more
than the developmental histories of many individuals, stretching across time (Dupré
2001: 94).

While the development/evolution distinction is one that everyone should retain,
keeping hold of it should not lead to a denial of the relevance of development for
understanding evolution. For example, Lala et al. assert that ‘Development brings
regularity, or order, to the production of fitness differences, which derives from
potentially knowable, and increasingly known, mechanisms that determine which
characters will reliably be associated with fitness’ (2024: 134). Phenotypic changes
can only be brought about by modifications to developmental systems. These systems
resist some changes while being open to others. To the extent that developmental sys-
tems are shared across taxa their properties can explain—and even potentially allow
the prediction of—shared evolutionary responses.

In the opening section I mentioned that traditional modern synthesis approaches
do not deny the reality of development, nor do they deny its dependence on environ-
mental features. In combination with the obvious relevance of developmental pro-
cesses to an understanding of at least some evolutionary questions, one might worry
that Lala et al. are attacking a straw man: it seems undeniable that an enriched under-
standing of the processes by which organisms develop will contribute to an enriched
understanding of the channels that are open to evolution to follow. It is salutary,
then, that Lala et al. give evidence of influential evolutionists who have denied the
relevance of developmental work.

Ernst Mayr’s really did once write that, ‘...the clarification of the biochemical
mechanism by which the genetic program is translated into the phenotype tells us
absolutely nothing about the steps by which natural selection has built up the par-
ticular genetic program’ (Mayr 1980: 9—10). Lala et al (2024: 31) quote these words
from Mayr early in their book to show that their target is real, but they do not give
further detail about the context for Mayr’s claim. It came in the long prologue he
wrote to the collection he edited with Provine on The Evolutionary Synthesis. Mayr
was not writing to dismiss the relevance of development as a supplement to selection-
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based explanations: on the contrary, the context for his remarks was a response to
T. H. Morgan. In 1932, Morgan had tried to suggest that a proper understanding of
developmental explanations in the context of sexual dimorphism made any appeal to
selection redundant.

What Mayr saw as Morgan’s ‘caustic’ scepticism was directed at appeals to sexual
selection. Morgan recommended that attention be turned away from untrammelled
speculation and towards ‘the role that certain internal secretions or hormones play in
the development of the secondary sexual characters’ (Morgan 1932: 156). So, Mayr’s
zeal in pushing development away was the result of his wanting to defend selection
from those who denied it had any relevance at all. This was a very different context
for debate from that presupposed by Lala et al., who instead aim at an integration of
development into a culture where the relevance of selection is taken for granted.

In spite of these very different contexts, Lala et al. are justified in their use of Mayr
as an example of what they are against. In a continuation of that passage from 1980,
not quoted by Lala et al., Mayr announced in response to Morgan that, ‘It [the study
of biochemical mechanism] does not tell us why one species has sexual dimorphism
and another species does not, nor does it tell us anything about the function of the
sexual dimorphism in the life history of the species’ (1980: 10). Even if attention to
the dispute Mayr was engaged in explains something about why he felt the need to
minimize the relevance of development, Lala et al. provide resources within their
book that show why the specifics of Mayr’s response were too strong.

The study of development can contribute to the study of function, because it
ensures that any question asked about function has the right presuppositions in terms
of the nature of the trait under discussion. One might wonder, for example, about
the function of floppy ears in domesticated species. That question itself is shown
to be badly posed once one understands that floppy ears are part of a package of
traits all linked to tameness (Lala et al 2024: 83). If the breeder selects for tameness,
then the other elements of the syndrome—include a squashed muzzle, a curly tail,
and so forth—come along for free. And one cannot understand why these traits are
found together unless one understands a robust series of developmental processes
found across multiple related species. Importantly for Mayr’s argument with Mor-
gan, diminished sexual dimorphism appears to be another element of the tameness
syndrome (Lala et al 2024: 86). Lala et al. do not merely make the claim that this
developmental syndrome exists; they also explain why the elements of the tameness
syndrome are found together. In particular, they point to shared reliance on neural
crest cells as the underlying explanation for the strong association between these
apparently unconnected traits (2024: 85). So here is just one compelling example
of the understanding of evolution brought by development, precisely where it is an
explanation of function that is at stake.

Echoing the past
As 1 read it, Evolution Evolving is not a sustained effort to develop a single novel

idea; instead, it aims to summarise a whole series of ways in which a proper under-
standing of evolution demands a proper understanding of development (and vice-
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versa). Lala et al. are open about the intellectual debts they owe to the work of others:
the book is dedicated to Waddington, Lewontin and West-Eberhard, and the ideas of
all three are woven throughout their treatment.

Not only have some of the elemental ideas that Lala et al. draw on been articu-
lated before; it is striking to note the similarities between Lala et al.’s overall case
and some far earlier voices. For example, in a 1966 review of Lancelot Law Whyte’s
Internal Factors in Evolution, the Cambridge ethologist W. H. Thorpe gave a presen-
tation of the field of evolutionary biology remarkably in tune with the case made in
Evolution Evolving:

There has been an undercurrent of thought in the minds of scores, perhaps hun-
dreds, of biologists, including many geneticists, over the past 25 years, suggest-
ing that the picture drawn by modern genetical studies is insufficiently adequate
and comprehensive. Such doubts have crystallized around the problem of the
randomness of mutation, the directiveness imposed by the persistence of cul-
tural preferential trends over many generations and latterly by the rise of molec-
ular biology with its evidence for highly complex organization at a subsidiary
level. (Thorpe 1966: 663)

Attention to the insides of organisms is necessary for a proper understanding of evo-
lution, wrote Thorpe, because (just as Lala et al. have now argued nearly sixty years
on): (i) phenotypic changes are anything but random, because how the phenotype
can change is a function of the organism’s developmental organisation; (ii) social
learning in many non-human species can influence processes such as habitat choice,
and social learning brings its own knock-on effects on genetic evolution; and (iii)
genetic networks have forms of organisation, which means that they are buffered
against some genetic mutational changes, but not against others; just as developing
organisms are buffered against some environmental influences but not against others.
Attention to the history of developmentalist thinking shows that it is not straight-
forward to assign a thoroughly sceptical view of the relevance of development to
something called ‘the modern synthesis’, while regarding the champions of devel-
opment as heterodox outsiders (Radick 2017, 2024). Thorpe himself, in the remark
quoted above, portrays a whole discipline dissatisfied since the early 1940s with a
particular set of genetic simplifications. Even in the supposedly defining volume Evo-
lution: The Modern Synthesis, Julian Huxley noted in his opening remarks that:

Fisher has radically transformed our outlook on the subject, notably by point-
ing out how the effect of a mutation can be altered by new combinations and
mutations of other genes. Any originality which this book may possess lies
partly in its attempting to generalise this idea still further, by stressing the fact
that a study of the effects of genes during development is as essential for an
understanding of evolution as are the study of mutation and that of selection...
Equally obvious is my debt to the Morgan school and to Goldschmidt; but
clearly this would apply to any modern book dealing with evolution. (1942: 8)
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Huxley reminds the reader that to understand the effects of genes during development
is to understand how the context of developmental systems influences what genes
can, and cannot bring about. Later in that same book, Huxley places considerable
stress on the importance of learning for evolution, especially in the guise of the Bald-
win effect (Radick 2024). And it is also worth noting that Huxley thinks it obvious
that ‘any modern book’ would have a debt to Goldschmidt. Looking back, Dietrich
has described Goldschmidt’s view as one in which: ‘developmental processes were
active—they were not passive background conditions mediating genotype and phe-
notype. In this sense, Goldschmidt was attempting a synthesis of evolutionary and
developmental biology similar to the synthesis that has been emerging during the past
15 years’ (2003: 73). Dietrich himself, writing in 2003, thus dated the beginning of an
evo-devo integration at around the late 1980s. There is, in other words, a considerable
pedigree stretching right back from the present day through to the synthesis period
and beyond for the sort of developmentally informed approach to evolution that Lala
et al. advocate.

Evolutionary salience

In laying out this historical pedigree, my aim is not to dismiss Lala et al.’s posi-
tion as containing nothing new, even though I do think that the role of development
in evolution in mid-century biology is not a simple one of wholesale exclusion or
black-boxing. That is because even though the message advocated by Lala et al. (and
also by Thorpe) is irresistible, it has been resisted by some (if not all) distinguished
evolutionists. I have already mentioned Mayr. John Maynard Smith also offers an
illuminating example. As I explained earlier, Maynard Smith’s later work with Szath-
mary—especially the strand of work that understands major evolutionary transitions
in terms of modified forms of information transfer—can be thought of as a precursor
of Lala et al.’s engineering stance on the advantages of having multiple systems,
working at many different timescales, that can sense, respond to, and control envi-
ronmental change. But much earlier, Maynard Smith also reviewed Whyte’s Internal
Factors in Evolution. While Thorpe’s review was engaging and full of praise, May-
nard Smith’s was short, and dismissive: ‘...has he [Whyte], in fact, put his finger on
a major deficiency of evolutionary theory? I do not think so. All he is saying is that
many mutations are lethal or deleterious, and that the kinds of variation possible to
a species depend on the nature of the species. This is true but not very illuminating’
(1969: 418).

Maynard Smith does not deny that there are truths to be had by attending to devel-
opmental processes: he denies only that these truths are ‘illuminating’. For Lala et
al., the fact that the kinds of variation possible to a species depend on its nature
is highly illuminating; particularly so when one considers that species have shared
‘natures’ that can act as shared biases, thereby explaining evolutionary trends that
extend across multiple taxa.

These different reactions from Maynard Smith on the one hand, and Lala et al.
and Thorpe on the other, raise the question of why the call for a developmentally-
informed approach to evolution elicits such different responses. Parties agree on the
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facts while disagreeing on their significance. And that evaluation, in turn, is affected
by prior forms of training, and enculturation in practices of theorizing and explana-
tion, that lead them to see some phenomena as more salient than others. I owe the
application of salience in this context to Gregory Radick, but Lala et al. also write in
a way that suggests the analogy of perceptual salience in their own account of why,
for some evolutionists, relevant developmental facts seem invisible:

...plasticity and niche construction are underpinned by taxonomically shared
developmental mechanisms, and their effects often aggregate across a popula-
tion to generate statistical regularities. Those patterns are easy to miss because
the developmental causes of fitness differences are not currently central to the
study of evolution. Instead, multiple distinct causes are subsumed under the
label “natural selection” in a manner that obscures regularities whose analysis
could generate richer explanations and more powerful predictions. (2024: 128).

Radick’s (2023) study of the effects on teaching biology of a dominant Mendelian
framework is consonant with this. He notes that, ‘On the genetics section of [national
school] exams, it is a safe bet that...there will be Punnett squares. Elementary Pun-
nett square reasoning is, of course, as unit-character determinist as it gets.” The Men-
delian framework does not say that all evolution can be understood through simple
Mendelian ratios, and in this sense it does not deny that there are complexities that are
difficult to frame in terms of simple patterns of dominance and recessiveness. Note,
also, that the framework need not even claim that traits can usually, or typically, be
approached in this way: the point, instead, is that central exemplary cases can be eas-
ily and productively extended to others. In this respect, the teacher of simple Mende-
lian ratios is not committed to a bet about relative frequency of the phenomenon (see
Kovaka 2021). But this also explains why the framework is so resistant to change. It
gives a recipe that is valuable and striking, and therefore highly teachable and ‘sticky’
in the classroom. That recipe is entirely compatible with the existence of more com-
plex phenomena whose existence is not denied, simply marginalized as peripheral in
the light of these exemplars. Similarly, for someone whose training has tuned them
in to explanations of the changing fluctuations of traits in populations—fluctuations
that might be understood in terms of departures from Hardy—Weinberg equilibrium,
or heterozygote superiority, or frequency-dependent selection—it becomes hard to
see developmental processes as salient, or illuminating, even if one is in no doubt that
there is plenty that remains to be learned about them.

Extendible exemplars

One of the great strengths of Evolution Evolving is that it gives exemplars of devel-
opmentally-informed elucidation that can easily be extended by new researchers to
new cases, and which have just the sort of ‘stickiness’ that Radick draws attention to
in the context of the more traditional Mendelian approach. I have indicated above that
Lala et al. stress the importance of understanding what one might call the right ‘grain’
of adaptation. It is simply not possible to understand the widespread appearance of
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floppy ears unless one understands that they are found together with other traits asso-
ciated with domestication. And one cannot understand this unless one understands
the developmental mechanism that explains why these traits co-occur. When, in their
‘Spandrels’ paper, Gould and Lewontin pointed to the importance of asking the ques-
tion ‘What is a trait?’, they thereby gestured towards the explanatory power of a
developmentally-informed approach to evolution (Gould and Lewontin 1979: 585).
An anchorless attempt to ask functional questions cannot begin from the right place
(Lewens 2009b).

To see how this kind of reasoning can be extended to new questions not explicitly
mapped out in their book, consider the case of cultural evolution in humans. Lala
himself has written extensively on this topic, and one of Evolution Evolving’s other
co-authors—Marcus Feldman—is a founder of the discipline of cultural evolution
along with Cavalli-Sforza (e.g. Cavalli-Sforza and Feldman 1981 inter alia). One
important strand of work in this domain has aimed to understand the evolution of
‘learning biases’ in our own species and others. The basic rationale begins from the
observation that in information-rich environments, there are better and worse strate-
gies when it comes to learning from others. Henrich puts it like this: ‘Individuals
whose genes have endowed them with the brains and developmental processes that
permit them to most effectively acquire, store, and organize cultural information will
be the most likely to survive, find mates, and leave progeny’ (2016: 64). In a paper
that is typical of this genre, and which focuses on ‘prestige bias’, Brand et al (2021:
1) explain that ‘““bias” is meant in the statistical sense of a systematic departure
from randomly choosing another person from whom to learn’. Prestige bias, on this
view, is the disposition to attend preferentially to those who are accorded prestige,
as opposed to attending to randomly chosen individuals, when learning from others.

This notion—that an individual who learns from those who are accorded pres-
tige is likely to learn more effectively than an individual who picks their models at
random—has overwhelming plausibility. If someone wants to learn how to bake, it
makes sense to attend to the YouTube videos of baking influencers, rather than using
arandom lottery system to figure out whose skills to copy. In their early discussion of
prestige bias, Henrich and Gil-White (2001) go further than this. An obvious alterna-
tive to learning from the prestigious would be the more direct route of learning from
those who are the most skilful: why not copy the best baker, rather than copying the
person who is merely blessed with lots of subscribers? The reason is that ascertaining
prestige is often easier than ascertaining skill. It is difficult to ascertain who is the best
hunter, they say, partly because a skilled individual may not demonstrate their talents
in the short window of time open to a casual observer, partly because good hunters
cannot afford to be trailed on a long-term basis by hangers-on who are attempting to
assess their prowess more thoroughly.

Learning from the prestigious can be a highly effective strategy. The problem is
that, once again, it is hard to determine the evolutionary significance of this insight
unless developmental attention is paid to the correct grain of analysis when it comes
to characterising what prestige bias is (Chellappoo 2020; Lewens 2024). Suppose
I am trying to learn evolutionary theory. It makes more sense to attend to Kevin
Lala than to an individual chosen at random; so Lala-bias is a good strategy. One
might reasonably point out that this is just a special case of learning from respected
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evolutionists; so respected-evolutionist-bias is another good strategy. This, too, is
just an instance of another more general strategy, namely learning from credentialled
experts, which in turn is an instance of learning from those who are accorded pres-
tige. But, crucially, learning from those who are accorded prestige is itself an instance
of a yet more general strategy; namely, learning from the relevant.

One cannot figure out which grain of analysis is the right one to focus on for
the purposes of coming to an evolutionary understanding of how this disposition
emerged, unless one pays attention to how the disposition itself develops. For exam-
ple, it is obvious to a moderately intelligent agent that it usually makes sense to pay
attention to those who are accorded respect, rather than paying attention to randomly
chosen individuals. For this reason, one might wonder whether individuals simply
figure out for themselves, over the course of their lives, that this is the right strategy.
If so, it would be misleading to imply that natural selection, acting to favour those
with prestige bias, helps to explain the emergence of this disposition. Instead, the
disposition can develop ‘for free’ in those with a more general ability to reflect on
how best to direct their learning.

Alternatively, it might be that even if individuals do not consciously reflect on how
best to learn from others, there is nonetheless a consistent reward over the course of
their lives for attending to those who are accorded prestige. Here, again, the disposi-
tion would develop ‘for free’ in those equipped with forms of associationist learn-
ing. These hypotheses are different, both can potentially explain the existence of
widespread tendencies to learn from those accorded prestige, and neither necessitates
any form of selection (whether acting on genetic or cultural variation). Discovering
whether either story is the right one requires an understanding of how learning dispo-
sitions develop (Heyes 2016). If this kind of developmentally-informed evolutionary
vignette works in this context, it can work as an extendible exemplar in many other
areas, t00.

Developmental darwinism

Let me close this review with two more critical sets of comments. First, it seems to
me that Lala et al. are undecided about precisely how to describe the developmental-
ist contribution to adaptation itself. I have stressed one comparatively obvious way
in which development sheds light on the study of adaptation: it can explain why
lineages travel down one adaptative pathway rather than another, simply because the
former is more accessible than the latter. Developmental processes—forms of plas-
ticity, forms of learning—also have their own influences on an organism’s capacity
to survive and reproduce, hence they can be at one and the same time subject to adap-
tive explanation while also shifting potential adaptive trajectories for the lineage in
question. (Consider the most obvious case, whereby learning biases affect individual
fitness, while also opening up new possibilities for responses to environmental chal-
lenges by harnessing available social information.)

So far, neither of these roles for a developmentally-informed understanding offers
a new process that might account for the origination of adaptation: instead, biasing
developmental processes explain why selection favours one pathway over another,
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and developmental processes also act as targets that can be favoured by selection.
Even so, Lala et al. are clear that adaptation can occur during developmental time, in
a manner that does not simply fall back on adaptation accumulated across earlier gen-
erations of reproducing organisms. But here, it seems to me, their stance is awkward.

Sometimes they point to the possibility of forms of Darwinian selection going on
within the organism. Here, a fairly traditional form of natural selection is at work,
albeit on a far shorter timescale than in traditional organic evolution, and without
the need for genetic variation: °...the capacity for adaptive developmental change
would be limited if it were not for the employment of clever—and remarkably Dar-
winian—processes that operate through iteratively generating variation, testing the
performance of variants, and regenerating or retaining valuable functions’ (2024: 67).
This is how they characterise adaptation realised through various ‘exploratory’ pro-
cesses, including those involving neuronal change, the immune system, vascularisa-
tion and so forth.

At other times, they suggest that the mechanism by which organisms acquire adap-
tive fit during development is quite different to standard trans-generational selection:

...developmental processes are responsible for some of the creativity manifest
in adaptive evolution, but while ‘natural selection displays the creativity of the
curator,” in contrast ‘development has the creativity of the artist’. These claims,
together with their implications for evolutionary biology, are spelled out in the
remainder of this book. (2024: 46)

Unfortunately, I was not able to see where these claims were spelled out: if develop-
mental processes are adaptive because they are Darwinian, then the creativity of the
curator and the creativity of the artist are fundamentally the same. If the creativity of
development and the creativity of selection really are different, then more needs to
be said about how development brings about adaptation in a non-Darwinian manner.

Reciprocal causation

As I have just explained, Lala et al. stop short of casting developmental processes as
offering an alternative engine of adaptation compared with selection. This is because
Lala et al. see Darwinian selection processes going on within developing organisms,
as well as across the generations of populations. It is also because of the ‘reciprocal’
manner in which they understand how development and selection interact: ‘evolu-
tionary causation is inherently reciprocal, with development processes and natural
selection codetermining adaptation and diversification’ (2024: 240).

Looking backwards across the history of a lineage, Lala et al. say, natural selection
is only able to choose from the options made available by developmental systems.
Those developmental systems—and hence the options they offer up to subsequent
selection—are the products of earlier rounds of natural selection. Lala et al. point out
that this is no argument for the primacy of selection—understood both as the cause
of developmental bias, and as the arbiter of subsequent evolutionary trajectories—
because one can simply shift further back and point to the role of earlier developmen-
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tal systems in establishing even earlier forms of developmental bias. Neither process
can claim primacy; both are important.

One sort of case that encourages this interactionist interpretation considers devel-
opmental facts to consist in (for example) facts about how moths come to acquire
light or dark pigmentation as they mature, while facts of selection instead consist
in whether it is the light or dark moths that get eaten by birds: the final populational
outcome depends on both. True enough, there is an interaction here between facts
about bird perception and facts about the development of moth pigmentation. But
this is not a good general model for how to distinguish development from selec-
tion. For example, an organism that reaches sexual maturity more quickly—a fact
about development—is consequently more likely to have a longer reproductive life,
and hence greater reproductive success, than an organism that is slower to mature.
Under these circumstances, one cannot point to one set of facts about selection caus-
ally interacting with a different set of facts about development. The swifter arrival
at reproductive maturity (a developmental process) does not engage with a distinct
selection process; instead, this developmental process is part of what makes it the
case that these organisms have more babies than others in the population. In other
words, developmental differences constitute a selection process. Lala et al. explain
that on their view, ‘Developmental bias and natural selection are not alternatives:
generative and selective processes jointly determine phenotypic evolution’ (2024:
89); but ‘joint determination’ is not the most perspicuous way to explain the relation-
ship between development and selection.

Lala et al. agree with many aspects of Denis Walsh’s (2015) case for the need to
understand development if one is to understand adaptive evolution. For example,
they make positive use of his argument that the misleading ‘fractionation’ of evolu-
tion (into the supposedly independent sub-processes of inheritance, development,
adaptive change and evolutionary novelty) can occlude development’s broad evo-
lutionary significance (Walsh 2015: 79). However, when it comes to how selection
and development are related, Lala et al.’s interactionist language of ‘joint determina-
tion’—which suggests two causal processes interacting with each other to produce an
outcome—is at odds with Walsh’s compositional view. As Walsh puts it, ‘Selection,
at the population level, is composed of development (broadly construed) at the indi-
vidual level’ (2015: 143; see also Walsh 2003).

The key question for evolutionists is how best to understand change and stasis,
including adaptive changes, in lineages over time. There are facts relevant to evolu-
tion—for example, facts about developmental bias—that one ascertains by looking
at typical developmental trajectories of individual organisms. There are also facts
relevant to evolution—exemplified in fields like life-history theory by the compli-
cated populational consequences of the timing of maturation and reproduction in
changing environments—that only become clear as one steps back to study the com-
bined effects of developmental trajectories using statistical tools. A training in the
techniques of population genetics encourages attention to the second type of case, at
the expense of the first, but all are important (Walsh 2003).

It seems to me that the salient points Lala et al. wish to make about the relevance
of development for evolution can be expressed in a way that is consonant with a more
Walshian stance on how development and selection are related. Such an approach still
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allows Lala et al. to stress that: (i) Reciprocal causal relationships between develop-
mental changes and environmental changes can have multi-generational significance;
(ii) Shared biases in how the individuals within taxa (including very broad taxa)
develop can influence the trajectories that those lineages can follow; (iii) Exploratory
developmental processes can respond in creative ways to novel environmental chal-
lenges, with significant knock-on effects for later generations’ own developmental
pathways; and (iv) Individuals need to be equipped with mechanisms that can sense
and respond to environmental changes at multiple timescales, and this requirement
can help to explain the existence of multiple systems that all contribute to parent/
offspring similarity.

As things stand, a sceptic might object to Lala et al., arguing that development
only appears to be important for evolution against a background that (unlike Walsh)
mis-construes development as a causal process that interacts with selection. The
sceptic might go on to say that, in truth, any interesting features of developmental
processes can be incorporated into evolutionary explanation using the statistical tools
the modern synthesis has already developed. For example, in the toy cases of swift
reproductive maturation mentioned above, selection explanations can encompass the
populational impact of this developmental change.

This sceptical response is misguided, but its weaknesses might be more obvious
if the relation between selection and development were initially expressed within a
more Walshian framework. An understanding of change and stasis in lineages needs
to draw on information about how the processes going on within organisms facili-
tate change over time, no less than it needs to draw on information about how such
changes combine to form populational patterns. And, of course, these populational
patterns partly constitute the environments in which individuals of a new generation
find themselves. As Stotz (2017) has stressed before, these environments make up
both the resources influencing how individual organismic lives unfold and vary (the
‘Developmental niche’, in her parlance), and they also make up the relations that
influence relative success in terms of reproduction (the ‘Selective niche’). However,
it is important not to lean too heavily on this distinction between developmental and
selective niches, for ultimately reproductive differences can be reflective of develop-
mental differences.

Over time, developmental processes change in ways whose understanding requires
an ability to shift between individual and populational perspectives (Walsh 2003). If
one focuses solely on populational interactions, then the predictable opportunities for
change offered up by the developmental processes that constitute the lives of indi-
vidual organisms will be missed. But the population level is important, too: for the
population is both an object of study and a structured entity whose properties feed
back onto its own parts. This is why, as Lala et al. argue, a proper understanding of
the evolutionary significance of development brings with it a reconception of what
evolution is. Evolution is nothing more than the aggregated consequence of many
developmental processes, each of which runs from the origination to the death of an
individual organism.
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