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significant in evolution, even in principle , due to 
disanalogies with the genetic system (unstable 
states, high mutation rates , non-Mendelian, La

marckian). I argue for a role for relative signifi
cance arguments and reductionism in heuristic 
strategies for investment in epigenetics re
search. I argue that "biologists argue the way 
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they do" (Beatty, 1997) because of differing goals 
and commitments of distinct research special
ties or lines of work with overlapping domains. 
Possible mechanisms are key to the forward
looking, investment-oriented heuristic strate
gies that are the subject of current debates about 
relative significance. 

PHILOSOPHY FOR SCIENCE 

Prospects are limited for philosophical contribu
tions at the front line of rapidly advancing fields 
of biology such as epigenetic inheritance . The 
motivations, goals, and methods of biologists 
are as different from those of philosophers as 
are the motivations, goals, and methods of fruit 
flies in choosing mates from those of biologists 
studying flies and mate choice. Because biolo
gists, like philosophers but unlike fruit flies, 
sometimes find reflection valuable in their work, 
there are some ways in which philosophy might 
be of service to the advancement of biology. 

Three possible contributions with relevance 
to the field of epigenetic inheritance are (r) offer
ing new organizing descriptions of phenomena 
to help articulate the scientific research agenda, 
(2) desoibing theory structure in relevant spe
cialties to clarify differences in explanatory strat
egy and (3) clarifying heuristic research strate
gies, in particular the differing nature of 
reductionism in molecular epigenetics and in 
evolutionary dynamics. This chapter concerns 
the second and third points. Beyond offering 
new organizing descriptions of phenomena 
leading to proposals for new research programs 
that diverge from "business as usual," philoso
phers can make observations about conceptual 
differences among theoretical enterprises in are
nas involving disparate specialties. Epigenetic 
inheritance is such an arena. Molecular and cel
lular biologists have claimed for 20 years that 
epigenetic phenomena have significant implica
tions for evolution, not only as adaptations but 
also as inheritance systems that could fuel evolu
tion at a level above the genetic level (e.g., 

Jablonka and Lamb, 1989, 1995; see Holliday 
2006). Ecologists and evolutionists working on 

phenotypic plasticity, evo--devo, and phenotypic 
evolution have begun to respond (e.g., Van Spey
broeck et al., 2002; Pigliucci, 2007; Bossdorf et 
al., 2008 ; NESCent, 2009). Evolutionists some
times suppo1t and sometimes doubt the impli
cations claimed (Jablonka and Lamb, 1998; 
Maynard Smith, 1990; Maynard Smith and 

Szathmary, 1995; Jablonka and Szathrnary, 1995; 
Pigliucci, 2007" cf. Walsh, 1996; Hall, 1998 ; 
Wolpert, 1998; Pal and Hurst, 2004). Evolution
ary implications of epigenetic phenomena have 
been explored in most detail where connections 
to long-standing evolutionary problems are 
dearest , such as parent-offspring conflict in the 
case of parent-specific genomic imprinting ; but 
the results have not always promoted further or 
broader exploration because they seem to indi
cate only ve1y limited scope for adaptive evolu
tion based on epigenetic effects (Haig and 
Westoby, 1989; cf. Hurst and McVean, 1998) .1 

The epigenetic inhe1itance arena is now be
coming a meeting ground for scientists work
ing on molecular mechanisms and quantitative 
evolutionary dynamics. Molecular, cellular , and 
developmental biologists; developmental genet
icists; and evo- devo researchers are interested 
in a wide range of epigenetic phenomena
from bacterial immune responses to foreign 
DNA to chromatin remodeling, regulation of 
gene expression, imprinting and paramutation, 
and transmission of cortical structures , organ
elles, and metabolic steady states. Some ofth~m 
are beginning to meet up with epidemiologists, 
cancer biologists , ecologists, population geneti 
cists, quantitative geneticists, and evolutionists 
interested in disease propensities, heritable ma
ternal and environmental effects, phenotypic 
plasticity Baldwin effects, genetic assimilation , 

r. However, since imprints and in many cases meth
ylation marks are reestablished de novo in each generation 
rather than tran smi tted intact through multiple genera
tions, some authors argue that these do not qualify as 
tran sgenerational epigenetic inheritance phenomena 
(Rakyan and Whitelaw , 2003). In this narrow interp reta
tion of inheritance, only structures that persist unchanged 
through transmission count. 

HEURISTIC REDU C TIONISM AND INHERITANC E 15 



• 

phenotypic evolution, and speciation (see, e.g., 
Gilbert and Epel, 2009). 

Philosophers of science are interested in, 
and routinely observe, conceptual "mismatches" 
between fields attempting to interact within 
such arenas in their studies of conceptual vari
ety among the sciences; formal modeling of the 
structure of scientific laws, models, theories, and 
explanations; and attempts to articulate and cod
ify modes of scientific reasoning. They are some
times in a position to do philosophy for science 
(Griesemer 2008), i.e., to make observations 
about the state of the (conceptual) art that may 
help scientists think about proposals for new 
kinds of research in multidisciplinary arenas. 

Here, I offer two specific observations about 
theories and reductionism in the arena of epi
genetic inheritance. (r) Concepts of inheritance 
and evolution have different significance and 
implications in mechanistic molecular sciences 
(MMS) and quantitative dynamical evolutionary 
sciences (QDES) because these sciences con
struct models and theories in very different 
ways.2 Below I characterize these different 

2. This is not to say that molecular sciences cannot be 
quantitative-dynamical or that evolutionary sciences can
not be mechanistic. Biochemistry is both a quantitative 
and a mechanistic molecular science, although there are 
important distinctions to be mad e between nonquantita
tive molecular biology and quantitative biochemistry . 
Some philosopher s argue that natural selection is a mech
anism but that existing theories of mechanistic science are 
inadequate to account for it as such (see Skipper and Mill
stein, 2005). My contrast here is between the clockwork 
models of much of molecular biology (articulations of 
part s and sequences of changes in parts ' configurations, 
see Kauffman r97r) and the recursion equation and chang
ing quanti ties models of mathematical ecology, population 
and quantitative genetics. I also do not mean to suggest 
that dynamical models of changing phenotype or geno
type (or environment) frequencies are all there is to evolu
tionary theory (mathematical or otherwise). Evolutionary 
theory includes, in addition to accounts of gene, genotype, 
and phenotype frequency change, accounts of adaptation, 
distribution, and abundance; speciation and cladistic di
versification; and the evolution of form and novelty. I am 
here contrasting molecular epigenetics only with the quan
titative dynami cal theory of trait or gene frequency change. 
Other parts of evolutionary theory, e.g., phylogenetics, 
evo-devo, and evolutionary ecology, require different 
treatments from those the contrast here can illuminate. 

ways to show why it has proved difficult to coor
dinate research investments in epigenetic in
heritance from the molecular and evolutionary 
sides of the arena. (2) "Reductionism" comes in 
different styles, concordant with distinct ways 
of theory-making, that can pull in different di
rections in MMS and QDES. This divergence of 
explanatory strategies has been noted by biolo
gists. Haig (2002, 67) contrasts molecular and 
adaptive explanations, pointing out that MMS 
tends to explain the nature of the phenotype by 
appeal to molecular mechanisms while QDES 
tends to explain the presence of genotypes 
(DNA sequences) in populations by appeal to 
natural selection operating in ancestral genera
tions. These observations together suggest that 
the integration of molecular and evolutionary 
studies of epigenetic inheritance will not simply 
be a reductionistic molecular explanation of 
phenotypes from the underlying mechanisms 
of epigenetic heritability but a transformation 
with implications for theories on both sides. 
Understanding the conceptual tensions may be 
of use to biologists as they consider investing in 
specific new theoretical and empirical research 
programs aimed at articulating and evaluating 
the relative significance of epigenetic inheri
tance in evolutionary dynamics rather than only 
recognizing and claiming that transgenera
tional epigenetic inheritance mechanisms may 
be significant for evolution. 

The agenda for research in the arena of epi
genetic inheritance and evolution has begun to 
take shape recently in workshops designed to 
bring molecular and evolutionary biologists and 
even philosophers together (e.g., Van Spey
broeck et al., 2002; Gilbert and Epel, 2009). A 
recent NESCent (2009) workshop included the 
following questions: 

r. What is epigenetics? 

2 . What methodologies are available to in
vestigate epigenetic variation and inheri
tance in model systems? 

3. How can we assess the frequency of heri
table epigenetic processes in natural 
populations? 
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4. How do we go from studying epigenetic 
variation to assessing its ecological 

relevance? 

5. How can we separate genetic from epi
genetic effects in natural populations? 

6. How do we evaluate the relative impor

tance of epigenetic effects for phenotypic 

evolution? 

This agenda (see also Pal and Hurst 2004, 

Bossdorf et al., 2008) marks a departure from 

the majority of claims in the molecular epi
genetics literature since the 1980s in that it fo
cuses on specific questions for the evolutionary 
dynamics project and moves beyond the claim 
that epigenetic mechanisms which transmit 
variation in structures or information across 
cell or organism generations might or must 

have such implications. 3 

NEW DESCRIPTIONS, NEW PROPOSALS 

I mention here the first way philosophers may 
contribute to the advancement of the study of 

epigenetic inheritance. In subsequent sections, 
I focus on issues of theory structure in molecu
lar and evolutionary sciences and on their diver
gent strategies of reductionism. The first, and 
best, way philosophers can contribute to fast
moving empirical sciences in multidisciplinary 
arenas like epigenetic inheritance is to organize 
descriptions of empirical phenomena and theo

retical accounts in the scientific literature in 
order to draw attention to them in new and dif
ferent ways. Variety of conceptualizations in a 
field fuels thoughtful development of perspec

tives and results that are robust to the idealiza
tions that are inevitably introduced for practical 
reasons into modeling and empirical studies 
(Van der Weele, 1999; Griesemer, 20026; 

Wimsatt, 2007). 

3. In biological science, as in the biological world, 
there are always exceptions. Jablonka and Lamb have, 
since 1989, argued for considering the kinds of questions 
posed by the NESCent workshop. See. e.g., Jablonka and 
Lamb (1995, chaps. 7-9). 

Jablonka and Lamb (e.g., 1989, 1995, 1998, 
2005) have perhaps done the most to organize 
descriptions of epigenetic phenomena and ar
ticulate the implications for evolution in ways 
that call for new specific programs of research 
that diverge from and challenge traditional 
thinking embodied in neo-Darwinism and the 
modern evolutionary synthesis. It is noteworthy 

that Jablonka, whose career started in cytology 
and genetics, had to develop expertise in evolu

tionary biology and, indeed, in the history and 

philosophy of science in order to press their 
case that the evolutionary implications of the 
full range of epigenetic inheritance mecha
nisms must be taken seriously and not only for 
cases like imprinting, where the connection to 
specific dynamical problems was easily made to 

fit preexisting theoretical puzzles (see Pal and 
Hurst, 2004). They called attention to the need 
to understand how epigenetic inheritance may 
play a "Lamarckian" role as a family of mecha

nisms through which inheritance systems are 
responsive to environments, such that varia
tions originate nonrandornly with respect to fit

ness consequences. This is perhaps the most 
radical implication of epigenetic inheritance for 
evolutionary theory, which was founded on the 
notion that genetic variation originates at ran
dom with respect to fitness or the "direction" of 

adaptation (see Lamm and Jablonka, 2008, on 
additional relevant senses of randomness in 
neo-Darwinian theory that are violated by epi

genetic inheritance). Early work on epigenetic 
inheritance, such as paramutation in plants 

(e.g., Brink 1956, 1960), identified the directed 
nature of such non-Mendelian mechanisms but 
focused on the somatic consequences of epimu
tations and, thus, their implications for develop
ment rather than for transgenerational inheri

tance and evolution. 

Jablonka and Lamb (1995, 2005) also ex
plored a variety of evolutionary implications for 
adaptation, speciation, and the coevolution of 
genetic and epigenetic inheritance systems, 

mainly in verbal models. A key project for the 
integration of molecular epigenetic inheritance 
into quantitative dynamical evolutionary theory 
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will be to develop mathematical models for evo
lutionary response to selection involving epi
genetic as well as genetic mechanisms for heri

tability (Maynard Smith, 1990; Jablonka et al., 
1992 , 1995; Lachmann and Jablonka, 1996). 

Jablonka and Lamb's work has been impor
tant in the arena of epigenetic inheritance not 
so much for contributions to new empirical 
knowledge of specific molecular epigenetic 

mechanisms but as organizers of key descrip
tions of these mechanisms and as promoters of 
evolutionary modeling in a way that prepares 
the path for an "expanded evolutionary synthe
sis" (Pigliucci, 2007). Whether that synthesis is 
indeed an "expansion" or something more radi
cal is a topic I will return to in the context of a 
discussion ofreductionism in MMS and QDES. 
It is an important and unresolved question 
whether epigenetic inheritance systems can be 
integrated into existing quantitative dynamical 

evolutionary theory as merely more molecular 
mechanisms realizing the quantity of heritabil
ity (and others) or whether, because ofLamarck
ian or at least non-Mendelian properties, epi
genetic inheritance mechanisms require the 
transformation of quantitative dynamical evolu
tionary theory into a new and different kind of 
theory. 4 

I frame the question of the evolutionary sig
nificance of epigenetic inheritance in terms of 

theory structure and styles of reductionism in
volving assessment of the potential costs, risks, 
and benefits of investment in novel research 
programs. This has several dimensions: (1) as
sessment of the potential significance of epi
genetic inheritance for evolution relative to 
other inheritance mechanisms; (2) the differ
ent nature of theories and models in molecular 
and evolutionary biology· (3) the level of risk of 
investing in research into mechanisms (mo
lecular biology) and quantities (evolutionary 

4. Consideration of parallels to the transformation of 
evolutionary theory effected by models of niche construc
tion (Odling-Smee et al. 2003) would be instructive but are 
beyond the scope of this chapter. 

dynamics) that may not exist, may not be com
petent even if they exist, and may not be re

sponsible in nature even if they are competent 
in laboratory or simulation studies ; (4) heuris
tic strategies of reductionism in molecular and 
evolutionary biology· and (S) the ways in which 
molecular and evolutionary biologists may mis
understand what is at stake for the other side in 
a program of research that seeks to integrate 
the two. 

EPIGENETIC INHERITANCE MECHANISMS 

AND EVOLUTION 

Some epigenetic mechanisms involve covalent 
chemical modification of DNA, posttransla
tional modification of chromatin proteins, or 
DNA-binding proteins. Because chromosomes 
are replicated and pass through cell division, 
epigenetic "marks" such as cytosine methyla

tion, histone acetylation, and bound transcrip
tion factors might be transmitted as well. There 
is a correlation between degree of DNA methyl
ation and transcription activity-more methyla
tion, less transcription. Moreover, methyltrans
ferase enzymes recognize the hemimethylated 
state of recently replicated DNA and complete 
the replication of methylation patterns at CpG 
or CNG pairs (Jablonka and Lamb, 1995, fig. 
4.12, Turner, 2001, fig. ro.r). Thus , methylation 
patterns can track the semiconservative replica

tion of DNA. Acetylation of nucleosomal his
tone protein tails relaxes highly compacted 
chromatin, which increases access of transcrip
tion factors that regulate gene expression. DNA
binding protein complexes like Polycomb and 
Trithorax in Drosophila regulate homeotic gene 
expression . Their epigenetic effects on the tran
scriptional potential of genes can be stably 
transmitted through many cell generations and 
through female meiosis (see Turner, 2001, 

234-5). Since patterns of epigenetic marks 
can in principle vary at least quasi-indepen
dently of associated DNA sequences, these pat
terns, if transmitted, could constitute inheri

tance systems parallel to the genetic inheritance 
system. 
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There are other kinds of epigenetic mecha
nisms that can pass through cell division be
sides those that interact directly with chromatin, 
e.g., metabolic steady-state systems which main
tain the relative concentrations of metabolites 
in autocatalytic cycles such that variation can 
be transmitted to daughter cells (Novick and 

Weiner , 1957" discussed in Jablonka and Lamb, 

1995; Pal and Hurst , 2004, see also Keller, 
1995). There are also structural inheritance sys
tems in which naturally varying patterns of cell 
organelles such as cortical structures in ciliates 
can be maintained through membrane growth 
and stably transmitted through cell division for 

many generations (e.g., Nanney, 1968). More
over, there seem to be behavioral and symbolic 

inheritance systems which can propagate infor
mational state variations through social learn

ing or linguistic communication between or
ganisms (see reviews by Jablonka and Lamb, 

1995, 2005). 5 

The possibility of an evolutionary role in vir
tue of trans-cell or trans-organism transmis

sion is a far cry from the full prospect of an 
inheritance system that rivals the genetic in
heritance system in scope and capacity Here, I 
examine the possibility of an evolutionary role 
for this kind of developmental phenomenon, 
presuppositions of strategies for deciding 
whether to invest research effort in epigenetic 

phenomena , and the role of possible mecha
nisms in differing evaluations of relative signifi
cance of epigenetic versus genetic inheritance 
and investment risk by molecular epigeneticists 

and evolutionists. My goal is not to offer a 

5. There are also contemporary views of epigenesis be
yond the scope of this chapter distinct from what might be 
ca.lled "molecular epigenetics." Epigenesis is a much 
broader category than molecular epigenetics and deals 
with processes through which character variation among 
organisms can arise through developmental interactions 
at any level, though typically studied at the cell or tissue 
level, without being supported by genetic variation. Devel
opmental interactions are then "assimi lated" into heritabl e 
pattern s, whether by Waddington's mechanism or some
thing else (e.g., Newman and Miiller, 2000; discussed in 
Griesemer, 2002a). 

detailed historical reconstruction of epigenetics 
or a theory of inheritance that generalizes evo
lutionary theory but, rather , to capture a sense 
of the grounds for controversy in a very dy
namic and rapidly changing empirical and the

oretical landscape. 

THE POSSIBILITY OF AN EVOLUTIONARY 

ROLE FOR EPIGENETIC MECHANISMS 

Objections to a significant evolutionary role for 

epigenetic mechanisms frame considerations 
of investment in research and heuristic strate 
gies of theory construction but, as I discuss 
below, not in the same way for molecular epi

geneticists as for evolutionists. It is unknown 
whether any of the known epigenetic mecha
nisms supports a sufficient set of combinatorial 
possibilities to sustain effectively unlimited he 

redity (Maynard Smith and Szathmary, 1999). 
Without it, there could be epigenetic inheri

tance of a sort but only modest prospects for 
adaptive evolution because in limited systems 

of heredity the global optimal phenotype is 
quickly found and then all remaining or new 
variation eliminated by purifying selection. 

It has often been asserted that epigenetic 
marks may be transmitted through mitosis in 
the development of multicellular organisms but 
not through meiosis. Hence, due to the discon
tinuity of soma and the continuity of the germ 

line , according to Weismann's doctrine (Figure 

3-1; see also Griesemer and Wimsatt 1989) , epi
genetic mechanisms may play a role in develop
ment but not in transgenerational inheritance. 

It has also been pointed out frequently that 
early germ-soma differentiation is characteris
tic of only some animals and not of most oflife 

(e.g., Buss, 1987); but the relevant issue of rela
tive significance comes down to which taxa are 
the "important" ones, and this obviously differs 

for those molecular biologists focused on 
human disease, or metazoan model organisms, 
and for those evolutionary biologists interested 
in the distribution of epigenetic mechanisms 

across the whole tree of life. Although one can 
parse this particular debate in terms of the 
kinds of generalizations biologists seek, whether 
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FIGURE 3.1 E. B. Wilson 's dia

gram ofWeismann's doctrin e. G G 

causal regularities within a given taxon or distri
butions among taxa or over space and time (Wa
ters, 1998), I suggest it is fruitful to consider 
the issue with respect to forward-looking re
search strategies rather than (or in addition to) 
reflections on explanations and the nature of 
biological generalizations. 

Even if epigenetic marks pass through meio
sis, they are (or were recently believed to be) 
completely "reset" or "erased" in embryogenesis 
each generation in order to restore totipotency 
to germ-line cells, as is the case with chromo
somal imprinting to inactivate maternal or pa
ternal chromosomes. Reset epigenetic states 
must be reestablished de novo in the daughter 
cells or offspring organisms . Whitelaw and col
leagues have shown (e.g., Rakyan et al., 2001) 

that in mammal s (mice, humans) marks often 
are not reset after passage through meiosis, al
though some of their cases concern disease eti
ology (kinky tail) rather than adaptive pheno
types. Some taxa, such as Drosophila species , 
exhibit little or only localized activity of a given 
epigenetic mechanism while displaying a sub
stantial amount of another: Drosophila species 
were thought not to methylate DNA at all (until 
about 1999, see Lyko, 2001) but are known to 
make extensive use of chromatin remodeling 
mechanisms for gene regulation that can pass 
through mitosis and (female) meiosis (Cavalli 
and Paro, 1998). Because the methylation sys
tem's tight coupling of epigenetic marks to 
DNA make it a strong candidate for an epigen
etic inheritance system , its lack in some taxa 
that rely instead on epigenetic systems with 
seemingly less evolutionary potential is reason 
enough for skepticism of a general , significant 

G G G 

role in transgenerational inheritance. However, 
as empirical knowledge of epigenetic mecha
nisms rapidly advances, assessments of the rel
ative significance of possible mechanisms of 
epigenetic inheritance seem to be shifting, so 
there could be a downside to a conservative in
vestment strategy of assuming the sufficiency 
of genetic inheritance for evolution until there 
is overwhelming evidence of abundant trans
generational epigenetic inheritance. 

Moreover, the de novo synthesis of epige
netic marks at high, variable rates compared to 
genetic sequence mutation rates suggests a 
level of instability which some regard as an un
likely basis for adaptive evolution . Epigenetic 
transmission can occur, but failure to reset 
marks is interpreted as an aberrant, pathologi
cal condition rather than a reliable and regular 
inheritance system. Another source of skepti
cism derives from the observation that epimuta
tion may be limited to genes that happen to be 
close to retrotransposons because it evolved 
from an ancestral bacterial immune system for 
silencing foreign DNA (Bestor, 1990) . Increas
ing evidence that epigenetic regulatory states in 
humans due to the nut ritional environment can 
be stably transmitted for multiple generations 
suggests that, although there may be a link to 
pathologies like diabetes, there may be (posi
tive) adaptive significance as well, e.g., for lon
gevity (Kaati et al., 2002 ; GaI!ou-Kabani and 
Junien , 2005; Jablonka, 2004). An epigenetic 
mechanism in mammals that may have evolved 
in bacteria to silence viral retrotransposons 
hardly sounds like a plausible basis for a reliable 
mechanism for adaptive epigeneti c inheritance 
in mammals until it is pointed out that as much 
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as 42% of mammalian genomes are of retrovi
ral origin (see Rakyan et al., 2001). 

Finally, the enzymes that cause chromatin 
marking states are themselves gene-encoded, 
so there is the in-principle possibility that expla
nations of patterns of epigenetic states can be 
"reduced to" (i.e., explained in terms of mecha
nisms for determining) the states of genes, ei
ther in the present or in a previous generation, 
via maternally acting genetic effects. One gen
eration' s development is the next generation's 
evolutionary effect if genotype x environment 
interaction in one generation has transmissible 
fitness consequences in the offspring . The pos
sibility to explain effects in offspring on the 
basis of causes operating in the parents is part 
and parcel of conservative evolutionary explana
tion, but it is also the root of a particular kind of 
parsimonious significance assessment: If a 
novel mechanism is not necessary to explain a 
phenomenon , then it is not significant. Mater
nal effects can in principle explain epigenetic 
effects as developmental consequences of gene 
action, so epigenetic inheritance need not be 
postulated . The problem is that in the biological 
world of evolved mechanisms, no particular 
mechanism is necessary and all are contingent 

(Beatty 1995, 1997), so the apparent lack oflaw
like necessity of biological generalizations un
dermines the conservative explanatory strategy 
when it appeals to "standard" theory as though 
it were standard because it had discovered a bio
logical "law." In biology, need may be the mother 
of adaptive invention, but necessity is not the 
meas ure of significance. 

RELATIVE SIGNIFICANCE ARGUMENTS 

AND THEORY STRUCTURE IN BIOLOGY 

The foregoing desoiption of the issues around 
epigenetic inheritance contains man y modal 
qualifiers and conditional statements : Epige
netic marks might be transmitted; and if they 
are, they might serve as an inheritance system ; 
and if they do, they might contribute to adaptive 
evolution. For at least some epigenetic phenom-

ena, there is little doubt that they exist and in
deed are regulators of gene expression ; but 
whether they are also competent to pass through 
mitosis or meiosis and are in fact responsible 
for any cases of adaptive evolution is in ques
tion . In this section , I introduce the notion of 
relative significance arguments and then con
sider the character of theory in evolutionary bi
ology and molecular epigenetics. In subsequent 
sections , I suggest that relative significance ar
guments are shaped by the structure of theories 
and heuristic strategies for theory construction 
in disparate lines of scientific work. I also con
sider the role of risk strategies for research in
vestment in light of theoretical differences be
tween molecular epigenetics and quantitative 
dynamical evolutionary theory. 

RELATIVE SIGNIFICANCE 

John Beatty describes certain arguments in biol
ogy about the extent of applicability of a given 
model or theory within a domain as relative sig
nificance argument s, e.g., the extent to which 
gene regulation is correctly explained by Jacob 
and Monod's model of negative regulation (Be
atty 1995).6 Jacob and Monod famously claimed 
that what is true for the colon bacillus is true 
for the elephant (quoted in Beatty, 1995). They 
imply that their model is correct for effectively 
all taxa in the domain of gene regulation and, 
therefore, that negative regulation is highly or 
exclusively significant. Put differently the claim 
is that their theory of negative regulation is suffi
cient to explain all (or nearly all) gene-regulation 
phenomena in the domain. The truth of their 
claim of significance relative to other possible 
regulation mechanisms depends on empirical 
facts about what other mechani sms can and 
(regularly) do cause the same kind of phenom
enon , but it also depends on assumptions 
about the domain in question: that the domain 

6. Mitchell (!99 2, 200 3) examin es another kind : dis
putes about the relative contribution of different kinds of 
causes to a given effect , e.g., genes vs. environment or se
lection vs. drift in evolution . 
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includes all mechanisms or modes of gene reg
ulation and all tax.a that exhibit the phenome
non of gene regulation. If the domain were 
taken to include only Escherichia coli and ele
phants, their claim might be true; but it would 
be significant only for an odd, gerrymandered 
domain covering one bacterium and one meta
zoan clade with two extant species rather than 
the domain of all taxa that exhibit gene regula
tion.7 Treating the domain as all (extant) life 
makes the truth of their claim much more em
pirically significant but false. Other mecha
nisms in addition to negative regulation are re
quired to cover that domain, and Beatty's point 
is that no one generalization, hence no one 
theory, is likely to cover any important domain 
because evolution tends to diversify the proper
ties of biological mechanisms. 8 

Claims that he1itable traits can be due to epi
genetic, rather than genetic, mechanisms assert 
that the supposed (near) universal significance 
of genetic inheritance mechanisms for the do
main of inheritance phenomena is open to 
challenge. Claims that molecular epigenetic 
mechanisms are more widespread than previ
ously thought and that there is mounting evi
dence of epigenetic inheritance in a wide variety 
of tax.a for an increasing number of traits shifts 
the balance of relative significance among those 
inheritance mechanisms that exist, assuming 

7. Waters (1998) argues that many of Beatty's cases 
really concern distribution generalizations rather than 
claims about law-like generalities governing a phenome
non. I believe that their disagreement cannot be settled 
without establishing the extent to which "conservative" 
explanations in biology appeal to the tacit assumption that 
biological generalities are intended to express law-like gen
eralizations, regardless of which philosopher is correct 
about what the correct assumptions should be. 

8. Of course, interest and importance are in the eye of 
the beholder. The domain Homo sapiens is important bio
logically for all sorts of reasons, but many philosophers of 
biology assume that species are individuals and, therefore, 
that generalizations cannot be about them per se. Phe
nomena exhibited by members of a given species are li.kely 
to be exhibited by members of other species as well due to 
genealogical relatedness; hence, (most) biological general
izations of any significance are unlikely to concern only 
member s of a single species. 

they are competent to cause transgenerational 
heritability whether across cell divisions or mi
totic or meiotic generations. Empirical studies 
of epigenetic inheritance further purport to 
show that epigenetic, rather than (or in addi
tion to) genetic, mechanisms have actually 
been responsible for trait heritabilities in 
nature. 

Beatty argues that biology tends to be theo
retically pluralistic, with different theories in
voked to account for different kinds of phe
nomena within a domain , because of a special 
feature of the biological realm. The properties 
of biological systems, including the deepest 
ones such as the behavior of the genetic system 
itself, are evolved properties; and therefore, any 
generalizations about them are evolutionarily 
contingent. They could have been otherwise, if 
evolution had run differently and, indeed , they 
could become different in the future. Evolution 
is a chancy process, and contingency runs deep 
in biology. Mendel's "laws" do not hold in the 
same way or to the same universal extent as the 
fundamental laws of physics. Because of this 
disanalogy due to the deep contingency of bio
logical generalizations, Beatty argues that there 
are no laws in biology. 

Beatty's argument focuses on the relative ex
planatory significance of the plurality of correct 
theories needed to account for the variety of evo
lutionarily contingent phenomena comprising 
a domain. He did not address, however, an ad
ditional important feature of many relative sig
nificance arguments: They are not always di
rectly about the need for multiple theories to 
correctly explain all the phenomena of a given 
kind in a domain (e.g., gene regulation or trans
generational inheritance). Rather, they are ar
guments about the potential for scientific prog
ress due to research investments that could be 
made in order to explore possible alternative 
mechanisms to those currently deemed signifi
cant. Science is a risky business, and investing 
limited research time and money to find out 
whether a mechanism for an uncertain phe
nomenon exists, is competent to produce the 
phenomenon, or is in fact responsible for it 
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cannot be taken lightly. Some scientists are 
risk-averse and others risk-tolerant, so it would 
not be surprising to find different judgments 
about the value of exploring domain extensions 
that would add mechanisms. More important 
here, however, is the fact that relative signifi
cance claims in arenas where different special
ties or lines of work meet, such as epigenetic 
inheritance in evolution, also depend on per
ceived risk. Specialties, like individual scien
tists, can differ in their risk assessments, which 
means that evaluations of relative significance, 
taken as claims about the potential benefits of 
research investment, can also differ. 

Considerations of the disparate ways of 
theory-making in molecular and evolutionary 
biology (see Winther, 2006) lead to differing as
sessments of the implications of research into 
what a possible epigenetic mechanism can or 
might do, what it is competent to do, and what 
it is actually responsible for. These differences 
in turn affect how relative significance argu
ments between specialties transition from de
bates about research investment when phe
nomena are novel or poorly understood to 
debates about the extent of applicability of a 
given causal mechanism (relative to others) 
when the phenomena are known to exist but 
their distribution and extent of applicability are 
unclear to debates about the relative contribu
tions of different causes to a given effect in 
combined accounts of a single theory for a do
main when the phenomena are well established 
and mechanisms are known to be competent to 
produce them. 

In sum, arguments about relative signifi
cance range across a continuum of cases from 
issues of investing in future research , evaluat
ing which cases are correctly covered by models 
and theories of which mechanisms, and evalu
ating relative contributions of causal mecha
nisms to produce complex phenomena such as 
regulated genes or heritable traits in any given 
instance. Moreover, and centrally to the case of 
epigenetic inheritance, when specialties with 
different ways of theory-making engage in 
questions of relative significance, risk-benefit 

assessments can differ as well, leading to a situ
ation where something that is patently and ob
viously novel and important from the perspec
tive of specialty A can seem just as obviously 
unlikely to be significant and unworthy of seri
ous investment from the perspective of spe
cialty B. The question of the relative signifi
cance of epigenetic inheritance in evolution has 
been like this for roughly the last 20 years. 
Mechanistic studies of molecular epigenetic 
phenomena have claimed a potentially signifi
cant role in evolution for epigenetic mecha
nisms that can cause transgenerational epigen
etic heritability across cell division, mitosis, 
and meiosis in a variety of taxa across the tree 
of life. However, few evolutionary theorists 
have invested in examining the implications, 
and of those who have, it has mainly been to 
express skepticism of the prospects for research 
investment. 

Questions about the importance of epige
netic inheritance in evolution are at present 
more aptly characterized as questions about po
tential research investment risks and benefits 
than as questions of the extent of applicability of 
any given model, although what evidence there 
is about the extent of applicability of models of 
epigenetic inheritance has a direct bearing on 
arguments concerning the value of research in
vestment in both molecular mechanistic and 
theoretical evolutionary research. Consider
ations of relative causal contributions of genetic 
and epigenetic mechanisms to trait heritability 
to gene-regulatory networks that affect develop
mental dynamics, or to the list of nonrandom 
"biasing forces" (generalizing from natural se
lection) within a single, quantitative, dynamical 
evolutionary theory will sur ely be important to 
an eventual "extended evolutiona1y synthesis" 
(Pigliucci, 2007), especially one that articulates 
evidence about molecular epigenetic mecha
nisms with quantitative dynamics of evolution
ary theory. However, the very different qualities 
of theories in mechanistic molecular biology 
and quantitative dynamical evolutionary biology 
result in different assessments of the risks and 
potential benefits of research investment. To the 
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extent that those assessments guide research 
investment, they influence the prospects for an
swering questions about extent of applicability 
and causal contribution as a kind of "ascertain
ment bias."9 

THEORIES AND REDUCTION ISMS 

Theories are collections of models together with 
their robust consequences (Levins, 1968). The
ories in molecular biology insofar as anyone 
formulates theories in this field rather than indi
vidual models of particular mechanisms (see 
Bechtel, 2006) within a domain (pace Monod), 
typically have the form of lists of mechanisms 
from which to choose the elements of causal 
narrative explanations of phenomena. (Think of 
the Watson-Crick explanation of protein se
quence structure in terms of a concatenation of 
sequentially operating mechanisms of DNA 
transcription and RNA translation.) The grail of 
highest significance in mechanistic biology 
(molecular or not) goes to models of universally 
distributed mechanisms that are so deeply en
trenched that they are evolutionarily highly con
served (e.g., the genetic code). Even if they are 
evolutionarily contingent, once evolved they are 
very hard to change (on generative entrench
ment in evolution, see Wimsatt , 2007) . That is 
as close to necessity as biological mechanisms 
ever get, yet it is not the same sense of signifi
cance as in evolutionary biology. 

Quantitative dynamical theories of evolu
tion, building on Darwin's principles of herita
ble variation in fitness (Darwin, 1859; Lewon
tin, 1970), generally have the form of recursion 
equations specifying mathematical relations 
among quantities changing over time. Quanti
ties are properties of causal capacities, repre
sented by variables (and sometimes parameters) 
in models. When a causal capacity is realized by 
a mechanism , it can be represented by a vari
able taking on a (range of) value(s). The model 

9. I use "bias" here as a term expressing a heuristic 
research strategy rather than something morally or epi
stemically flawed (see Wimsatt, 2007). 

in tum represents the fulfillment of a function. 
The quantity heritability represents a capacity of 
a population in an environment for a trait cor
relation among relatives; and when it takes a 
value as a consequence of the operation of age
netic inheritance mechanism, it fulfills the 
function of transmitting trait values from par
ents to offspring, e.g., as represented in a re
sponse to selection equation. The "opportunity 
for selection" in quantitative evolutionary ge
netics (Arnold and Wade, 1984) is a quantity 
represented by a variable for the variance in 
relative fitness and takes a value as a conse
quence of the operation of natural selection so 
as to fulfiJl, in joint operation with inheritance, 
an evolutionary response to selection . 

The disparate nature of theories in the are
nas of mechanistic molecular biology and evo
lutionary dynamics leads to different strategies 
of reduction, which in turn fuels not only rela
tive significance debates, as mechanisms and 
quantities are added to existing theories, but 
also contrasting senses of what kinds of re
search investments are judged to be conserva
tive or transformative and therefore less or 
more risky. Research is conservative if it involves 
empirical work to support the specification of 
current theory (adding mechanisms to the list 
in the case of mechanistic molecular theories, 
filling in values for variables and parameters or 
gaining insights into detailed mathematical 
consequences through mathematical derivation 
or computer simulation in the case of quantita
tive dynamical evolutionary theories). Research 
is transformative if it forces change in what we 
already understand, e.g., in MMS adding mech
anisms to a molecular theory that necessitate 
alteration of models of other mechanisms al
ready on the list or forcing accounts of interac
tions among mechanisms that themselves con
stitute second-order mechanisms which must 
be added to the list. In QDES, transformative 
research involves adding quantities to dynami
cal theories that require changing the form of 
the equations rather than only increasing the 
number of terms, e.g., in recognition that fit
ness is frequency-dependent or that heritability 
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depends on epistatic interactions of genes me
diated by epigenetic mechanisms that consti
tute a parallel system of inheritance. 10 

To see relative significance debates as con
cerning research investment and not only as 
questions of extent of applicability or causal 
contribution of a cause already modeled or em
pirically established, it is helpful to view reduc
tionism itself as a heuristic research strategy for 
theory construction (Griesemer , 2002b) rather 
than , as philosophers usually do, as an account 
of explanation by derivation of less from more 
general theories or, as scientists usually do, as 
an account ofhigher-level phenomena explained 
in terms of lower-level mechanisms (see 
Wimsatt, 2007 on reductionism in science). 
However, different ways of theory-making lead 
to different concepts of heuristic reductionism 
and different assessments of whether research 
investment need only be conservative or will re
quire transformative efforts. Asserting the po
tential significance of a novel epigenetic inheri
tance mechanism as a call for research 
investment reverses the usual logic of justifica
tion and discovery-justification (to a sponsor, 
in peer review or as an appeal for research by 
specialists in another field) is what you do in 
order to be enabled to make the discovery that 
the mechanism exists, that it is competent to 
produce heritable effects, or that it is in fact re-

ro . My terms conservative and transformative are simi
lar in some ways to Kuhn's (1970) normal science and revo
lutionary science, respectively. However, in Kuhn's account, 
the practice of nonnal science leads to revolution in the 
face of anomalies that build to a crisis. My focus is on sci
entists' forward-looking assessment of the need for trans
formative research in order to account for a phenomenon 
modeled by a mechanism from another specialty very 
likely produced in that other specialty by conservative re
search in my sense. Transformative research need not be 
revolutionary either. It can easily be the case that all the 
mathematic s necessary to change the form of an equation 
is known to the scientists involved or that the empirical 
tools and technologies are available to molecular biologists 
who want to study an interaction among known mecha
nisms. The issue is not "normal " vs. "revolutionary" but 
rather risk. Transformative research requires a change to 
"busine ss as usual," so scientists must assess in advance 
whether the benefit is likely to be worth the risk. 

sponsible for adaptive evolution in empirical 
cases. 11 That order switches back to the usual 
one, with justification following discovery, after 
the discoveries are made and questions of rela
tive significance tur ning to applicability across 
the domain or to causal contribution relative to 
other causes acting in any particular instance. 12 

DARWINIAN THEORY 

The great nineteenth-century philosophical de
bate between John Herschel and William 
Whewell, on the proper conduct of scientific in
vestigation into causes of natural phenomena, 
is instructive for current controversies over the 
nature and power of epigenetic causes to con
tribute to evolutionary change. Herschel's views 
followed Newton's rules of reasoning and fu
eled an "empiricist" philosophy of science in 
which proper causal explanation should appeal 
only to actual causes and requires demonstra
tion that alleged causes (r) actually exist (by 
which Herschel meant they could be observed 
acting), (2) are competent to produce the effects 
observed, and (3) are actually responsible for the 
effects in the cases observed. Whewell worried 
that Herschel's approach would preclude the 
discovery of any genuinely new kind of cause, 
the discovery of any known kind of cause acting 
in degrees unwitnessed by scientific observers, 
or the discovery of any causes responsible for 
shaping our world not now acting. Whewell of
fered a methodology of "consilience," in which 
the jumping together of many different kinds of 
disparate facts could be used to go beyond the 
facts to suggest new kinds of causes, acting in 
degrees and ways not (yet) observed, to produce 
effects otherwise inexplicable. 

Herschel's philosophy of science and Charles 
Lyell's uniformitarian Principles of Geology were 

n. I thank Chris di Teresi and Elihu Gerson for this 
astute observation . 

12. Thanks to the audience at Pittsburgh 's Center for 
Philosophy of Science for pressing me to relate the re
search investment sense of relative significance argu
ments with claims about objective relations between 
causal contributions to an effect (Mitchell, 2003) and 
claims about extent of applicability (Beatty, 1995, r997). 

HEURISTIC REDUCTIONISM AND INH ERITANCE 25 



influential in shaping Darwin's argument for 
evolution by natural selection (Ruse, 1971; 

Hodge, 1977). Darwin's early chapters of On the 
Origin of Species establish the actual existence of 
selection as a cause through his examination of 
breeding under domestication. The middle 
chapters argue for the competence of natural 
selection to cause the greater evolutionary 

changes required to produce new species rather 
than only new varieties under domestic breed

ing (see Hodge, 1977). Darwin also borrowed 
something of Whewell's method of consilience 
in the third part of his book, arguing that selec
tion has actually been responsible in nature for 

the adaptations and divergence of character 
naturalists observe through his appeal to facts 
of geographic and geological distribution, mor
phology, embryology and systematics. Selec
tion was, after all, a kind of cause new to science 

in the nineteenth century· and it acted with a 

power greater than any breeder had previously 
suspected or observed and with a tempo, Dar
win thought, so gradual that it would be hard, if 
not impossible, to observe, like the elevation of 

the Andes by many successive earthquakes of 
2-10 feet each. 

The question of whether there are systems 
of inheritance beyond the genes recalls the kind 
of debate that engaged Herschel and Whewell 
and subsequently Darwin and his critics. Does 
the production of "epigenetic" effects reduce to 

the operation of genetic causes? Can any epi
genetic causes be significant, compared to well
understood, powerful genetic causes? Are epi
genetic causes and effects frequent enough or 

powerful enough to bother incorporating into 
theory and day-to-day empirical practice? At bot
tom, all these philosophical frames for the ques
tion of whether there are significant, frequent, 

nongenetic causes of trait heritabilities that can 
fuel evolutionary change come down to the 
same kind of problem nineteenth-century scien
tists faced: Do there exist heretofore unknown 
kinds of causes acting now or in the past that are 

competent to fuel evolution and which were or 
are responsible for the adaptations and diver
gences of character that we can observe, either 

in experimental results or in natural history 
comparisons? 

Darwin framed his dynamic evolutionary 
theory of trait change over time in terms of an 
abstract principle of natural selection, accord
ing to which, whenever there is heritable varia
tion in fitness in a population, the population 
evolves by means of natural selection. In On the 
Origin of Species, Darwin did not specify mech
anisms for the origin of variation or heritabil

ity. Subsequently, Mendelian transmission and 

population genetics supplied a mechanism of 
heredity to what is now known as the neo
Darwinian theory of evolution. The history of 
genetics from the late nineteenth century 
through most of the twentieth century lent the 
impression that the genetic inheritance system 
is sufficient for Darwinian evolution and 

uniquely supplies the molecular mechanisms 
of inheritance. Although selection might operate 
at multiple levels and heritability may be de
scribed at multiple phenotypic levels, inheri
tance mechanisms reside at a single level-the 
Watson-Crick molecular basis for DNA replica
tion, transcription, and translation. Crick's cen

tral dogma of molecular geneticism (Figure 3.2, 

Crick, 1958, 1970) has more or less stood as the 
central theoretical principle that specifies at the 
molecular level the core theoretical distinction 
of developmental processes within the organ
ism from the inheritance processes between 

them that has dominated genetics since its 
foundational distinctions between factor and 
character, germ and soma, genotype and phe
notype were articulated by Mendel, Weismann, 

and Johannsen. 
The openness of Darwinian theory to differ

ent possible instantiating mechanisms of he
redity and selection was perhaps a necessity for 
Darwin, when so little was known about the 

molecular and cellular levels, not to mention 
the ecological; and by the same token, modern 
mathematical models of neo-Darwinism are 
made powerful as abstract, dynamical descrip

tions of changing genotype and phenotype fre
quencies over time. In The Descent of Man, Dar
win recognized that he could substitute groups 
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FIGURE 3.2 Crick's "central dogma " of molecular genetics. 

for organisms in order to explain the selection 
of traits at the level of social groups and that he 
could substitute mates for "Nature" as the agent 
of selection in order to formulate his theory of 
sexual selection. This "substitutability" of in
stantiating mechanisms is a powerful feature of 
the dynamical theory of evolution which frees 
it from particular levels of organization and 
gives it the capacity to unify many areas of biol
ogy. In consequence, however, proposals that 
threaten to undermine the structure of that the
ory as opposed to merely identifying additional 
mechanisms, would require major research in
vestments and theory transformation. In the 
twentieth century quantitative genetics de
scribed evolution by natural selection in terms 
of phenotypic models involving the product of 
quantities representing heritability and selec
tion differential. Any mechanisms that instanti
ate those quantities count as instantiated mod
els of evolution by natural selection. One 
stunning demonstration of the power of the 
mathematical theory of selection is that if one 
takes the quantity for a phenotypic trait to repre
sent allele frequency within a genotype, the 
standard equations of population genetics can 
be derived from the Price equation, a phenotypic 
model of selection (Wade, 1985). 

For the evolutionary theorist, any mecha
nism that possibly instantiates a quantity in the 

mathematical theory is of potential theoretical 
significance. Since there is potentially more 
than one such mechanism, a relative signifi
cance dispute can arise in the way Beatty envi
sioned: over the extent of applicability of differ
ent mechanisms-only in evolutionary theory 
the issue is often over the potential of mecha
nisms whose responsibility and causal capaci
ties in nature are unknown and whose very exis
tence is in question . These are rarely plausible 
grounds for debates about relative significance 
of causal mechanisms within molecular 
biology. 

A question remains about what "potential" 
means here. I suggest that potentiality is judged 
by the terms of Darwin's use of ideas from Her
schel, Whewell, and Lyell and means, roughly 
"possible but not yet demonstrated" according 
to their standards of demonstration. This fram
ing in terms of the "not yet demonstrated" cap
tures the fo1ward-looking, strategic sense in 
which biologists are focused on questions of 
demonstration, explanation, and prediction as 
incorporated into a conception of research yet to 
be done, of investment in observations, inter
ventions, and theories to be made . Full demon
stration requires establishing the existence, 
competence, and responsibility of a cause in 
producing an effect in a particular instance. 

The crux of relative significance arguments 
over epigenetic inheritance in evolution , I pro
pose, rests on differing presuppositions about 
theory structure and explanation in differing 
lines of work. While evolutionary theorists 
(sometimes) offer explanations in the tradi
tional sense of derivation of statements of em
pirical phenomena (or one generalization based 
on another) from the dynamical theory molecu 
lar epigeneticists do something quite different. 
A mechanism that potentially instantiates a 
quantity can be significant for evolutionary the
ory if it exists; it need not be demonstrated to be 
competent or responsible . The reason is that if 
it exists as a possible instantiator of a quantity in 
the theory, then it is important to know whether 
the operation of the mechanism-the realiza
tion of a capacity it carries that is represented by 
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a quantity of the theory~is competent to cause 
evolutionary change. If it is competent in this 
theoretical sense, then it is a potentially respon
sible cause in nature. 

Thus, the discovery by molecular biologists 
of epigenetic inheritance mechanisms, as they 
have pointed out for 20 years, is significant for 
evolutionary theory just by the fact of the exis
tence of such mechanisms . Whether such 
mechanisms are significant relative to genetic 
inheritance mechanisms for evolution depends 
on more than just whether they exist. It depends 
on whether epigenetic mechanisms can be 
shown to be competent to cause (adaptive) evo
lution. However, if that means competent to 
serve as an inheritance system, it may well re
quire transforming evolutionary theory and not 
merely adding a new instantiating mechanism 
of heritability. In contrast, to be significant rela
tive to other molecular mechanisms for molecu
lar biology, an epigenetic mechanism only has to 
be shown to be competent to produce epigene
tic effects in order to belong on the list of mech
anisms. Thus, relatively conservative, low-risk 
theoretical consequences in molecular biology 
may coincide with relatively transformative, 
high-risk theoretical consequences in evolu
tionary biology. 

Considering relative significance arguments 
as a question of research investment in this case 
brings out the asymmetrical impact on different 
specialties of the assessment that epigenetic in
heritance is significant for evolution: Should a 
theorist invest time and effort in exploring the 
mathematical consequences of instantiating an 
evolutionary model with an epigenetic mecha
nism for heritability given that the mechanism 
does not follow Mendelian rules and may ex
hibit high (and highly variable) epimutation 
rates and that epimutation may be directly in
duced by the environment and therefore not 
random with respect to fitness? Putting epige
netic mechanisms "on the list" of instantiators 
of heritability requires more than just noting 
it-it (probably) requires changing the mathe
matical representation of the quantity. It is also 

important to note here that if an epigenetic 
mechanism for heritability exists that is shown 
to be theoretically competent through mathe
matical modeling, then it becomes an empirical 
obligation to test for it. The reason is evolution
ary contingency. If a mechanism exists but is 
demonstrably not responsible for a given effect 
(of a relevant type) or even competent to pro
duce the effect in a particular instance, it could 
well be because evolution attenuated its effects 
through countervailing mechanisms. Retrovi
ruses may not be competent to cause disease 
under normal cell conditions because the meth
ylation system evolved to suppress them. So
matic mutations in animals may not be trans
missible because development evolved to 
restrict germ-line access to only one or a few cell 

lines (Buss, 1987" Michod, 1999). 
I have argued elsewhere (Griesemer and 

Wade, 1988; Griesemer, 2002a) that laboratory 
studies of group selection aimed to demonstrate 
that group selection can occur and is competent 
to cause evolutionary change . Whether it occurs 
in nature and is both competent and actually re
sponsible for measurable evolutionary change 
in traits of interest is a problem of extrapolation 
or inference from the laboratory together with 
empirical investigation guided by research pro
tocols designed in accordance with an under
standing of the capacities of the mechanism 
and ecological conditions. It has been argued 
since 1960 (Lewontin and Dunn, 1960) that ig
noring population structure (which is a key con
dition for the operation of group selection) can 
lead to dynamically insufficient models (see 
Lewontin 1974) and empirically incorrect infer
ences about mechanisms operating in selection 
processes (Wade 1978). Similarly, it can be ex
pected that if transgenerational epigenetic in
heritance mechanisms operate but are not rep
resented in the models, dynamically insufficient 
and empirically incorrect results may ensue if 
scientists infer from a lack of demonstrated re
sponsibility that the mechanism does not exist 
or is not competent. Whether to invest in com
plicating the models or empirically investigating 
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phenomena that may or may not occur, may or 
may not be competent , and may or may not be 
responsible is a major question for scientists ac
tively engaged in research. 

MOLECULAR EPIGENETIC$ 

Molecular epigeneticists have rather different 
concerns about the potentiality of epigenetic in
heritance mechanisms. Their theories, for one 
thing, are so unlike neo-Darwinian dynamical 
equations that molecular biology is often treated 
as theory-less, but a more accurate characteriza 
tion is that molecular theories are kinetic rather 

than dynamic: They describe the structural 
transformation of inputs to outputs in molecu
lar processes, but they do not consider the time 
rate of change or energetics of transformations. 
Thus, molecular explanation s can often be tem
poral narratives without the need for quantita
tive mathematical forms to express change. 
This is, of course, very crude and not intended 

to offend biochemists or molecular dynami
cists . Watson and Crick's model of the mecha
nism of DNA replication is a good exemplar. It 
describes the structure of the DNA molecule 
and outlines how the strands go through a se
quence of steps, including some details of inter
actions with proteins, but in a schema tic way. 
Time is cons idered only in the sense of order
ing the steps in the process . 

To expand the model of theory structure in 
molecular biology previously sketched, a molec
ular theory consists of a list of molecular mecha
nism descriptions or representations (e.g., in 
diagrams) that can be used singly or in comb i

nation to narrate causal processes producing 
outcomes (effects) which can be observed, mea
sured, or otherwise taken as data in empirical 
studies. A more detailed theory might include 
more items on the list or a list of interactions 
between mechanisms , comprising a sublist of 
second- (or higher -) order mechanisms. Theo
ries in molecular biology are open so long as 
biologists continue to search for mechanisms to 
go on the list. Pragmatic explanatory goals de
limit what counts toward the coherence of a 

given theory: Something is permitted on the list 
if it is useful, in combination, to narrate a causal 
process of interest. 

CONSERVATIVE AND TRANSFORMATIVE 
RESEARCH 

Research can be conservative or transformative, 
as mentioned above. In terms of the distinction 
between ways of theory-making that I attributed 
to mo lecular epigenetics and to evolutionary 

theory , conservative theory-making in molecu
lar biology involves either specifying details of 
an existing mechanism or adding a mechanism 
to "the list" that comprises a theory. A step 
along the way toward molecular theory-making 
involves modeling. Modeling a molecular mech
anism involves taking note that a phenomenon 
exists (usually as the result of experiments that 
establish conditions for reliably producing it in 

the lab, i.e., establishing a causal relationship 
between an outcome or effect and the set of ex
perimental conditions taken as causal). Demon
stration of the existence of a phenomenon, P 

license s incorporating its description into a 
model of a mechanism, M, a representation of 
the mechanism (typically in a diagram or narra
tive description). By virtue of P' s incorporation 
into M, M is potentially competent to produce 
the outcome it is hypothesized to be "for." 
Whether P in M is causally competent and 

whether P is actually responsible for some part 
of M's behavior in any actual circumstances 
are separate questions requiring independent 
research. 

An examp le from the molecular epigenetics 
literatur e is a pair of models for how the incom
plete erasure and stochastic reestablishment of 
epigenetic marks in offspring could generate 
the variably expressive phenotypes observed 
in crosses of agouti- and yellow-colored mice 

(Rakyan et al. 2001). One model assumes that 
epigenetic marks are reestablished in the pre
implantation embryo (rather than in the pri 
mordial germ cells of the parent s). To justify 
this model of the erasure and reestablishment 
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FIGURE 3.3 Maynard Smith's 
diagram showing the isomor
phism of Crick's central dogma 
and Weismannism. 

mechanism, the authors cite evidence (Mayer 
et al. 2000) that maternal and paternal ge
nomes are demethylated at different times in 
zygotic DNA, "so parent-of-origin-specific era
sure does exist" (Rakyan et al. 2001, 7). The ex
istence of the phenomenon of parent-of-origin
specific erasure licenses using it in a model of a 
mechanism which could generate the incom
plete erasure pattern , provided the mechanism 
is "inefficient. " 

Transformative theory-making in molecular 
biology occurs when additions or specifications 
involve claims of interaction with other mecha
nisms already on the list that necessitate revi
sion or elimination of mechanisms previously 
understood. 

In molecular epigenetics, working out the 
details of how a methyltransferase enzyme 
causes DNA methylation is specification work. 
Adding histone acetylation to the list of epige
netic mechanisms for gene regulation (via chro
matin remodeling rather than DNA alteration) 
is "addition work," i.e., theory- as opposed to 
mechanism-specification work. Resolving the 
way in which histone acetylation interacts with 
DNA methylation and the possibility that only 
the two acting in concert are competent to regu
late genes is potentially transformative in the 
sense that all those causal explanations of how 
DNA methylation silences genes and even what 
methylation is for must be rethought. We can 
see the transformative effect of discovering new 
kinds of interactions among mechanisms in 
that causal narratives, which string mecha
nisms together , have to be "restrung" if the in
teractions dictate different "assembly rules" for 

narratives; e.g., in classical genetics, discover
ing that DNA is the carrier of genetic informa
tion dictates that inheritance narratives assem
ble mechanisms to follow the paths described 
by Crick's central dogma (DNA to RNA to pro
tein; see Figure 3.3). 

EXAMPLE OF CONSERVATIVE MODELING 

STRATEGIES IN GENETICS AND EPIGENETIC$ 

Experiments in genetics revealing variable "ex
pressivity" or "penetrance" of traits were puz
zling to classical geneticists who expected Men
delian mechanisms to yield clean, mathematically 
explicable results . The fur color of mice that are 
genetically identical and raised in similar envi
ronments should be the same, but it is not al
ways so. Studies through the 1970s and 1980s , 
using classical genetic crossing techniques , 
e.g., reciprocal crosses between heterozygotes 
and wild-type outbred mice, attributed the vari
ability to "unlinked modifier genes" (see Rakyan 
et al. 2001, 5). This is a conservative strategy in 
the sense that the ways modifier genes work 
had been investigated empirically and mathe
matically (by population and evolutionary ge
neticists) so the explanation merely applied a 
known kind of interaction, already on the list 
and already accounted for in evolutionary dy
namics, to new cases. Jablonka and Lamb 
(1995), in their argument for the significance of 
epigenetic inheritance in evolution, reviewed 
many cases of variable expression from classical 
genetics experiments and argued that the con
servative strategy swept the epigenetic phenom
ena under the rug rather than faced up to the 
need to transform genetic theory. 
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Emma Whitelaw and colleagues conducted 
experiments on the same traits (agouti fur color 
and kinked tail shape) in mice using inbred 
strains so that it would be unlikely that modifier 
gene differences could explain the variations 
among offspring (Rakyan et al. 2001). They 
found correlations in fur color between parents 
and offspring (though not as strong as would be 
expected if the traits were determined by Men
delian genes). They also did transplant experi
ments to rule out metabolic differences in intra
uterine environments of mothers with different 
fur color as the cause of the variable offspring 
traits. They found that transplanting fertilized 
eggs of yellow females into black females did 
not alter the proportion of fur colors among off
spring compared to those gestated by yellow 
mothers (Rakyan et al. 2001, 5). Although envi
ronmental causes prior to transplantation could 
not be ruled out, they concluded the inheritance 
pattern "is likely to be due to an epigenetic mod
ification" (Rakyan et al. 2001, 6). The work is 
conservative in the sense described above, in 
that it was aimed to show that additional mech
anisms to transmission through the genetic sys
tem can be involved in trait heritability but no 
special interaction requiring modified under
standing of genetic transmission resulted. 

One other interesting conservative feature of 
the Rakyan et al. work is their denial that their 
models are Lamarckian . They suppose that epi
genetic marks in the parents are erased either 
in the formation of germ cells or in the preim
plantation zygote. Marks are then, according to 
the models, randomly reestablished at either 
gamete maturation or early embryogenesis. This 
occurs either because the erasure mechanism is 
not roo% effective at erasing all epigenetic 
marks (model 1 for "silent" traits) or, for genes 
that are unmarked (model 2 for "penetra nt" 
traits) in the parent, the reestablishment mech
anism is not roo% effective. This incomplete 
erasure or reestablishment explains the degree 
of heritability of the trait (Rakyan et al. 2001, 7). 
The randomness of reestablishment is inter
preted to mean not that the environment directs 
the production of heritable variation but rather 

that variation arises as a result of "random fail
ure to completely erase marks at certain alleles 
during development" (Rakyan et al. 2001, 8). 
The speculation that the mechanism is stochas
tic is plausible, given that biomolecular mecha
nisms are generally less than roo% efficient; 
but it introduces a measure of conservatism 
into evolutionary considerations about what 
sort of investment in theoretical research would 
be needed to accommodate epigenetic inheri
tance mechanisms. If the molecular epigenetic 
mechanism generates random variation, as 
does the genetic system , then there would seem 
to be "no need" to consider radical, nonrandom, 
Lamarckian alternatives . Rakyan et al. do cite 
one source indicating that an environmental 
change might induce a shift in phenotype in the 
advantageous direction, so they do not close the 
door on Lamarckian epigenetic inheritance; but 
in molecular biology citing a single work serves 
to leave the existence of the phenomenon in 
doubt , thus leaving the licensing of modeling 
efforts uncertain as well. 

I focused on this article from 2001 because 
it seems to be a pivotal time in the history of 
molecular epigen etics. The basic phenomena of 
molecular epigenetics are discoveries of the late 
1970s and 1980s; their a1ticulation into a theory 
is more or less a product of the 1990s, espe
cially with the development ofbisulfite sequenc
ing methods and a broadening survey of taxa for 
meth ylation (and other epigenetic) mechanisms 
by application of bioinformatics tools to the 
growing list of sequenced taxa. In the early 
2000s, it appears that epigenetic mechanisms 
for gene regulation and especially for the main
tenance of differentiated cell types in develop
ment became widely accepted in the molecular 
community (e.g., included in textbooks such as 
Turner, 2001). The potential evolutionary sig
nificance of epigenetic inheritance dawned on 
many in the molecular epigenetics community 
as the evidence for transmission through meio
sis mounted, particularly in Drosophila, yeast, 
mice, and humans (Klar, 1998). In 2001, it 
made sense to be a bit conservative about evolu
tionary implications, particularly because the 
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molecular mechanisms are still being specified; 
but from the molecular point of view epigenetic 
inheritance phenomena are fully demonstrated, 
so evolutionary modeling is now licensed. 

I will not go into detail here about the history 
of population and evolutionary genetics model
ing or the connection of this history with that of 
evolutionary biology. In brief, conservative re
search in quantitative dynamical evolutionary 
biology instantiates quantities in the established 
dynamical theory by appealing to mechanisms 
whose theoretical competence as well as exis
tence are demonstrated. Often, new empirical 
research (either experimental field or laboratory 
work or observational studies) is required to 
measure or estimate parameter and variable val
ues over a field of changing environments and 
breeding patterns. Fundamentally this is speci
fication work. Transformative research in quan
titative dynamical evolutionary theory recog
nizes new quantities and interactions or new 
kinds of potentially instantiating mechanisms 
that require different dynamical equations to 
adequately describe their behavior. As in the 
molecular style of theory-making , conservative 
research fills in existing theory while transfor
mative research forces changes to existing the
ory that alter our understanding of what we "al
ready knew" 

RISKY RESEARCH INVESTMENT 

AND HEURISTIC REDUGIONISM 

Another dimension of treating relative signifi
cance arguments as problems of investment 
strategy is risk. This dimension cross-cuts that 
of conservative versus transformative research. 
My aim is to formulate the idea of risk-tolerant, 
transformative research in evolutionary theory 
in terms of heuristic strategies for reduction
ism, which I take to be strategies for theory con
struction. Calls for evolutionary theory to in
clude epigenetic inheritance systems, which 
leads to non-Darwinian or Lamarckian theories, 
express risk-tolerant strategies aimed at trans
formative research in just this way though one 
should note that statements to this effect in the 

literature really only put investment tasks on a 
line of work's agenda or attempt to justify quar
terly report style, recent investments made by 
investigators; they are not in themselves com
mitments in the sense of expenditures of new 
resources. What makes these strategies risky is 
that they are likely to fail. They are transforma
tive because, if successful, they would change 
theory in the transformative ways described 
above rather than merely specify existing the
ory. I describe in the subsequent section how 
perspectives on relative significance from mo

lecular epigenetics interact with this kind of 
strategy in evolutionary biology again drawing 
on the work of Whitelaw and colleagues as re
ported in Rakyan et al. (2oor). 

RISK STRATEGIES FOR INVESTMENT 

IN RESEARCH 

Business manager s and firms seeking to make 
a profit face trade-offs between investment in 
new plant and equipment, exploration and de
velopment of new markets, and research, on the 
one hand , against expanding production in es
tablished markets using existing assets , on the 
other hand. Scientists and research groups 
seeking to produce new knowledge face analo
gous trade-offs between investment in new 
instruments and technologies, exploration and 
development of new phenomena, and construc
tion of new theories , on the one hand , against 
describing, explaining , and predicting more 
phenomena using existing material and con
ceptual assets, on the other hand. Resources 
(including time, money skill, and sentiment; 
see Gerson, 1976) are always limited , so every
thing cannot be pursued and expanded at once, 
let alone maximized , without regard for the 
constraints. 

The "risk-averse" strategy of sticking to the 
status quo, business as usual, the "received 
view" "normal science," favors investing in ef
ficiencies of current production methods and 
explanatory strategies to produce greater re
turns and increased output over risky moves 
into new markets, new methods, new phenom
ena, new theories, new paradigms. In business, 
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the risk-averse strategy is parsimonious-trying 
to make do with what you have-and reduction
ist-trying to conform the market (e.g., through 
advertising) so as to sell whatever it is you make 
to ever more customers. Likewise, science is 
parsimonious and reductionist when it at
tempts to explain new sometimes higher-, 
sometimes lower-level phenomena in terms of 
old theories and understood mechanisms from 
familiar , worked-out perspectives. As Waters 
(1998, 28) remarked about classical genetics, 
"rich explanatory contexts and practical utility 
do not come cheaply. " Kuhn (1970) was 
right that in normal science flourishing re
search programs are hard won , so it is prudent 
to be cautious about investing in risky new 
business . 

The risk-tolerant strategy of seeking out the 
new-new markets , new products, new phe
nomena, new theories-favors adding or chang
ing tools, instrnments, methods, infrastructure, 
and concepts, even if such moves tempo rarily 
destabilize and interrupt the workflow and even
tually transform the science, in the hope of 
gains in profits or knowledge that could not eas
ily be achieved by current production methods 
.or with current theories (see Star and Gerson, 
1986, on anomalies as interruptions of work
flow). It is parsimonious in a different way from 
the risk-averse. The risk-tolerant entrepreneur , 
manager, or scientist asks, Why do with less 
when more is available (or seemingly just out of 
reach)? The troubl e is that you have to invest in 
order to find out if it is really available. 

The risk-tolerant strategy is reductionist in a 
different , heuristic way as well: Let us see if we 
can consb.uct a new theory using the old one as 
a guide, so as to subsume the old theory without 
outright rejecting it. In the case of epigenetic 
inheritance, the idea would be to construct an 
inheritance theory that accounts for epigenetic 
as well as genetic inheritance, e.g., by general 
izing the notion of genetic factors invariant to 
passage through hybrids (the germ of Mendel's 
theory) to includ e invariance of other informa
tion-bearing structures through hybrid states 
(Griesemer, 2006, 2007). I call this risk-tolerant 

theory-construction strategy "heuristic" reduc
tionism because it draws on the structure of an 
older theory (the gene as a developmental in
variant) as a (fallible) guide to construct a new 
one from which the old one can be deduced. If 
we fail at the task, however, the heuristic reduc
tionist expects we will probably learn something 
from how the attempt at reduction breaks down, 
so it is a win-win scenario whether we wind up 
returning to normal science chastened and 
wiser or fomenting scientific revolution . 

This view of parsimony and reductionism as 
heuristic tools relies on a concept of heuristic 
strategies in scientific research developed and 
explained by Wimsatt (2007). The heuristic 
risk-taker expects to fail at the task of reduction 
but treats failure as an opportunity to learn. 
False models are means to truer theories (Wim
satt , 1987), and a heuristic breakdown of our 
risky strategies is the most efficient means of 
finding a path to improved practices and prod
ucts, whether widgets or knowledge. Principled 
risk-avoiders try to do everything they can with 
what they already have and to bring the world 
(or the market) into conformity but in avoiding 
risk, they may thereby miss opportunities to 
learn new tricks. 

The discovery of epigenetic mechanisms of 
gene, cell, and organism regulation presents in
vestment trade-offs for molecular biologists and 
for evolutiona1y biologists-but not necessarily 
the same trade-offs-a situation which leads to 
differing assessments of relative significance of 
epigenetic phenomena even among researchers 
who agree on all of the facts. 

More important than the fact that scientists 
from different lines of work can disagree about 
relative significance is that, because the dis
agreement is built around phenomena of shared 
interest and interdependent lines of work, ll rel

ative significance claims and investments in 

13. Thi s is us ually asymmet.tical, with evolutionists re
lying on mole cular biologists to work out mechanistic de
tails but the molecular biologi s ts rarely needi ng to pay at
tention to evolutionary implications. 
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one line of work can have a bearing on the eval
uation of relative significance in the other. i 4 For 

example , adding a mechanism for transmission 
of epigenetic marks through meiosis to the mo
lecular theory can be conservative, risk-averse 
work, while it could provoke transformative re
search in evolutionary biology to specify how 
epigenetic inheritance changes heritability 
rather than merely instantiates it. Conversely 
evaluations of evolutionary models showing 
that epigenetic inheritance is unlikely to be ef
fective in adaptive evolution (Pal and Hurst, 
2004) may have little impact on molecular in
vestigations of transgenerational epigenetic in
heritance since such mechanisms can still be 
deemed significant for evolution by molecular 
biologists on their standard of demonstration 
of transmission through meiosis or "maternal" 
effects. 

What one line of work sees as risky another 
may not, so the actions of risk-averse parsimo
nists and risk-tolerant heuristic reductionists 
can induce patterns of research investment 
in other lines of work due to differing relative 
significance assessments. Reconciliation of this 
kind of"entangled" disagreement between lines 
of work may be central to scientific arenas such 
as evo-devo and epigenetic inheritance, but rec
onciliation is a process beyond the scope of this 
chapter. 

It may be that the continued operation of 
"laws" of biology undermines the stability of the 
very properties we appeal to in biological expla
nation (Beatty 1995). Nevertheless, relative sig
nificance debates even here depend on there 

being differences of investment in research 
strategies because of the ascertainment "biases" 
that affect claims about extent of applicability . 

14. The thought here is that evolutionists can see a par
ticular epigenetic mechanism as potentially significant so 
long as there is no evidence that it cannot be tran sgenera
tionally inherited. Since potential significance calls for in
vestment in evolutionary biology but not so much in mo
lecular biology, lack of investment in molecular biology can 
drive investment decisions in theoretical evolutionary biol
ogy and shifts in investment patterns in mole cular biology 
could lead to investm ent in evolutionary biology drying up. 

Jacob and Monod got away with their signifi
cance claim at a time when investments had not 
been made to discover alternative mechanisms. 
Such differences are likely to arise between any 
two research specializations that have overlap
ping domains of interest. I agree with Mitchell 

(2003) that the relative significance of causes, 
phenomena, and mechanisms is a pragmatic 
matter. As a matter of investment strategy, rela
tive significance will almost certainly be specific 
to lines of work , specialties, and disciplines. 

From an investment point of view, the ques
tion is, Should a molecular lab conduct empiri
cal research on epigenetic effects , incorporate 
epigenetics results of other labs into its explana
tions, or include nongenetic mechanisms of in
heritance in its theories; or should it stick to 
better-understood mechanisms of gene regula
tion and expression in development and rely on 
traditional models of transgenerational inheri

tance through the genetic inheritance system? 
Should evolutionary biologist s add new vari
ables or build new state spaces in their theoreti

cal work and redesign experiment s and field 
protocols to accommodate possible novel evolu
tionary forces due to epimutation, environ
ment-inducible epigenetic variation, and non
genetic transmission; or should they stick to 
better-understood accounts and mechanisms of 
DNA sequence change, genetic variation, phe
notypic variation, environmental variation, and 
Mendelian patterns of genetic transmission? 

Consider two kinds of investment in new 
phenomena: (r) the exploration of new mecha
nisms and quantities from the perspective of 
established research programs and (2) the trans
formation of established research programs into 
substantially new ones in light of the discovery 
of new mechanisms. For molecular biologists, 
the key issue has been how epigenetic mecha
nisms can be added to established research on 
gene expression in regard to direct or indirect 
interactions "vith DNA, a nexus of genetic in
heritance and development. Whether epigenetic 
mechanisms also constitute new nongenetic 
inheritance systems might be a transformative 
question for established molecular research 
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programs , but only if it is understood to chal
lenge the underlying assumption that inheri
tance is exclusively genetic and grounded in 
mechanism s of nucle ic acid sequence variation, 
replication , transcription, and transmission. 
The idea that there are inheritance systems be
yond the genes would thus place epigenetic 
mechanisms in the context of a new and quite 
different research program only if genetic in
heritance mechanisms had to be revised in light 
of epigenetic discoveries. 

These two kinds of investment, putting new 
epigenetic mechanisms in old theoretical bottles 
and fashioning new research programs in light 
of new mechanisms, result in quite a different 
risk trade-off for evolutionary biologists. The 
question of whether epigenetic mechanisms are 
nongenetic inheritance systems calls conserva
tively for putting the new mechanisms, as heri
tability instantiators, into the framework of Dar
winian theory. 

The crux of the difference with molecular 
biology over the significance of new epigenetic 
phenomena and how to put them in old theo
retical bottles is how much and in what ways to 
invest in possibilities. Above, I characterized 
causal possibilities in terms of Darwin's argu
ment for evolution by natural selection. For the 
evolutionist, if a mechanism exists, it is poten
tially significant because if it can be shown in 
theory to be competent , then it is important to 
test for its responsibility in nature. Thus, estab
lishment of a mechanism in a molecular line of 
work in a risk-averse, conservative way can re
sult in investment in risk-tolerant, transforma
tive theoretical research in evolutionary theory 
prior to establishing the molecular competence 
of the mechanism to produce evolutionary ef
fects. What is mere phenomenon in molecular 
biology is potentially transformative for evolu
tionary theory. 

Turning to the second kind of investment, 
epigenetics describes a variety of regulato ry 
states and effects-phenotypes. These have 
rather different properti es from the sorts of 
states treated by classical Darwinian biology, 
ones which cannot be adequately formaliz ed 

while keeping the "black box" of development 
closed. From the evolutionary perspective, this 
has meant treating the mapping from genotype 
to phenotype purely abstractly and mathemati
cally rather than in terms of detailed empirical 
evidence of the operation of molecular mecha
nisms. If gene regulation by epigenetic net
works operates essentially through interaction 
with environments (a Lamarckian dimension in 
which changing environments cause changes 
in organism "needs"), it may require transfor
mation of the Darwinian program of evolution
ary research in so far as epigenetic variations 
may be neither "random" with respect to fitness 
consequences nor stable on the time scale that 
sequence variations are. 

For molecular biology, epigenetic mecha
nism s are just more items to be considered for 
the list of regulators of gene expression, even if 
they are nonrandomly influenced by environ
ment s. Eco-devo (Gilbert, 2001; Sultan, 2007) 

need not be eco-evo-devo . On the other hand , 
the idea of transgenerational epigenetic inheri
tance may challenge the core theory (or dogma) 
that inheritance is exclusively genetic. For evo
lutionary biology epigenetic inheritance could 
be just one more kind of mechanism potentially 
on the lists of producers of variability and in
stantiators of heritability (if the hemistic reduc
tion strategy worked), while the idea that epi
genetic states are, by their nature, produced 
adaptively in response to changing environ
ments challenges the core neo-Darwinian as
sumption that inheritable variation is random 
and stable. 

Skepticism of the existence, competence, 
and responsibility of epigenetic inheritance 
from within QDES amounts to an assumption 
that epigenetic inheritan ce either does not occur 
or is, in principle, reducible to genetic theory; 
hence, there is no justification for research in
vestment. For molecular epigeneticists, only 
mechanisms that are not only demonstrated to 
exist but shown to be empirically competent to 
produce effects are significant enough to put on 
the theory list. This difference in where poten
tial significance gets a purchase-existence and 
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theoretical competence (for QDES) versus em
pirical competence (for MMS)-is at the root of 
an asymmetry between molecular and evolu
tionary lines of work, making relative signifi
cance arguments between them complex. 

Moreover, investment strategies for theory 
construction in the two lines of work depend on 
rather different conceptions of theory and roles 
for mechanisms in theory structure . Reduction

ism and parsimony lead scientists in many 
lines of work to explain the new in terms of the 
old-it is a conservative strategy However, the 
concept of reductionism has too often been 
framed retrospectively, in terms of the logical, 
explanatory relations between theories and data 
or between more and less general or higher
and lower-level theories. Science, like business, 
is forward-looking and therefore much more 
concerned with investment strategies and con
ditions that facilitate or inhibit the work yet to 
be done. Reductionism in science is better 
viewed as a heuristic strategy than a logic of 
explanation (Griesemer 2000, 2002b), and it 
should not be confused with mechanistic re
search per se (see Brandon, 1996, chap. n). Sci
entific controversies around issues of reduc
tionism are therefore better viewed as strategic 
rather than reflective. 

The challenge of heuristic reduction of 
inheritance phenomena for quantitative dy
namical evolutionary theory is to construct a 
version of evolutionary theory that admits 
epigenetic inheritance as a mechanism for 
heritability which could reduce the classical, 
exclusively genetic inheritance evolutionary 
theory. It is heuristic in so far as the construction 
relies on features of the genetic inheritance 
system to search heuristically for those features 
of epigenetic phenomena that provide a possible 
mechanism for epigenetic heritability. If the 
theory is successful, a new wave of reductionist 
research with a new, more powerful theo1y of 
inheritance would result. But if it fails, we 
might better learn how to go about transforming 
evolutionary theory into something quite new 
and different. 

CONCLUSION • The Irony of the 
Relative Significance of Epigenetic 
Inheritance in Evolution 

The foregoing considerations of theory struc 
ture , investment strategy and heuristic reduc
tion suggest that relative significance argu
ments about the potential role of epigenetic 
inheritance in evolution are arguments across 
lines of work about whether to invest in re
search and in what type of research effort to in
vest. There is an irony in the case I have used to 
illush·ate these ideas, but I think it makes my 
point in the end . At this moment in the history 
of research into epigenetic inheritance, evolu
tionary theorists are mostly skeptical or uninter
ested . Only a few have paid much attention to 
what is going on in molecular epigenetics. On 
the other hand, the discoveries of molecular epi
geneticists like Holliday, Klar, Jablonka and 
Lamb, and Whitelaw and colleagues suggest po
tential evolutionary significance for transgener
ational epigenetic inheritance. 

However, I have been arguing for just the 
opposite, in that we would expect, in my ac
count , that evolutionary theorists would argue 
for the potential theoretical significance of epi
genetic inheritance, as a justification of invest
ment of research effort, on the grounds that if 
the phenomena exist, we need to find out if in 

principle epigenetic inheritance could be com
petent to cause evolutionary change . Yet evolu
tionists resist. Molecular epigeneticists are the 
ones who are supposed to resist putting mecha
nisms on their theory lists unless empirical 
competence for the effects is already demon
strated, yet they have been pushing the idea that 
epigenetic mechanisms could be inheritance 
systems with each step toward recognizing 
transmission of epigenetic marks through mei
osis in an ever wider array of taxa and circum
stances. What gives? 

One answer is that it is easy to be 1isk
tolerant with respect to the heuristic reduction 
of traditional genetics-based evolutionary the
ory by some sort of generalized inheritance 
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theory if you are a molecular epigeneticist ex

pecting only to be a consumer of evolutionary 
theory who does not have to sweep up the bro
ken equations after it fails. To study the frag
ments of failed conservative attempts to articu
late epigenetic mechanisms within the structure 
of existing theory or to pursue the transforma
tive consequences of constructing alternatives 
to the standard model would take a major in

vestment. Only risk-tolerant theorists looking 
for a transformative theory would find it worth 

the risk. (Or maybe only philosophers oblivious 
to risk would since their line of work protects 

them from abject failure.) 
Likewise, it is easy to be risk-tolerant with 

respect to the heuristic reduction of traditional 
genetics-based molecular theory if you are an 
evolutionary biologist expecting only to be a 
consumer of molecular theory who does not 

have to sweep up the broken glass after a failed 
empirical program. To study the fragments of 
failed conservative attempts to specify molecular 

theory by adding mechanisms and interactions 
without upsetting current understanding of how 
known mechanisms work would take a major 
investment. Only a risk-tolerant molecular biol
ogist looking for a transformative theory would 
find it worth the risk, and there are no philoso
phers willing to do the lab work; thus, it seems 
that molecular biologists are immune to the di

rectives of evolutionary theorists who call for 
this or that possible, but yet to be demonstrated, 
mechanism to be investigated. That ease, of urg

ing risk tolerance in the other research program 
and risk aversion in one's own, is, I believe, the 
basis for relative significance arguments about 
research investment. You know better not only 
how hard the specification work is but also what 
the consequences of heuristic reduction failures 
are like in your line of work. 

Risk-averse, conservative epigenetics re

search aims to fill in details of molecular epi
genetic mechanisms, exploring how different 
mechanisms may interact to produce the kinds 
of phenomena already familiar to the field: 

maintenance of differentiated cell types through 

cell division, silencing of foreign DNA, chromo
somal imprinting, role in disease etiology. Risk
averse, transformative research could be called 
"accidental" or "serendipitous." Making a mis
take in the lab and noticing it so as to see that an 
unexpected phenomenon results from the mis
take, if it leads to addition of a mechanism that 
forces reconsideration of existing ones, can be 

transformative, although the aim of the re
search investment was to avoid taking on risk by 
doing things "as usual." The best "normal sci

ence" is conservative but risk-tolerant. This is 
the kind of science that Wimsatt (2007) de

scribes in detail as following an elaborate set of 
heuristic research strategies. Heuristics are 
rules of thumb that can guide action but, unlike 
an algorithm or deductive procedure, do not 
guarantee a correct result or even a result at all. 
More importantly, Wimsatt (1987) emphasizes 
that in scientific research following heuristic 

strategies in the risk-tolerant sense means using 
"false models" as a means to "truer theories." 

That is, the researcher expects the hypothesis, 

model, theory or experiment to fail in a literal 
sense and the main payoff is that heuristic fail
ure tends to be systematic rather than random. 
The particular pattern of systematic failure is a 
fruitful failure-one that can guide research to 
a better understanding. It is the ethos of the en
gineer who works in exemplars and concrete 

structures rather than the physicist who works 
in universal laws of nature. However, the con

sideration of whether epigenetic inheritance is 

causally significant in evolution seems to de
mand risk-tolerant, transformative research. It 

seems to require consideration of new kinds of 
mechanisms which would disrupt the rules by 
which the dynamical theory of neo-Darwinian 
evolution was put together. Although the most 
sensible approach would be heuristic reduction
ism-seeking to use as much of the structure of 

current theory to guide construction of a theory 
that can accommodate epigenetic inheritance 
and reduce (in a traditional sense) genetic neo
Darwinism-both require such major invest
ments that few evolutionists are ready to try. 
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Thus, despite the irony of molecular biolo
gists arguing for evolutionary significance and 
evolutionists resisting, I think the main conclu
sion still stands. Because Darwinian evolution
ary theory is framed in terms of a requirement 
for a capacity or disposition of heritability it 
leaves open questions of which inheritance 
mechanisms realize heritability in nature and 
the possibility that different mechanisms are 
involved in different instances . Because molec
ular biology is concerned with mechanisms that 
frequently or generally operate in gene regula
tion and development (though not without in
terest in variation) , it leaves open questions of 
which mechanisms are significant in evolution 
and in what ways. Evolutionary biology is con
cerned with both the distribution of traits (in
cluding the presence of mechani sms) among 
taxa and the dynamical role of mechanisms in 
evolutionary processes of change within and 
among lineages . Thus, in asking questions 
about reductionism and relative significance of 
epigenetic phenomena in relation to well-estab
lished theories of genetic inherit ance, we have 
to ask, "Reduction for whose purpose(s)?" and 
"Significance relative to whose problem(s)? " 
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