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1 Evolutionary Psychology and its Critics

1.1 Convenient Enemies

The Narrow Evolutionary Psychology Movement represents itsalf as amgjor

reorientation of the socia/behaviord sciences, a group of sciences previousy dominated
by something called the * Standard Socid Science Modd’ (SSSM; Cosmides, Tooby, and
Barkow, 1992). Narrow Evolutionary Psychology aleges that the SSSM treated the mind,
and particularly those aspects of the mind that exhibit cultura variation, as devoid of any
marks of its evolutionary history. Adherents of Narrow Evolutionary Psychology often
suggest that the SSSM owed more to ideology than to evidence. It was the child of the
1960s, representing a paliticaly motivated ing stence on the possibility of changing socia
arrangements such as gender roles:

‘Not so long ago jedlousy was considered a pointless, archaic ingtitution in need
of reform. But like other denids of human nature from the 1960s, this bromide
has not aged well.” (Stephen Pinker, endorsement for Buss, 2000))

Thisview of history does not ring true to those, like the authors, who have worked in
traditions of evolutionary theorizing about the mind that have a continuous history

through the 1960s and beyond: traditions such as evolutionary epistemology (Stotz, 1996;
Callebaut and Stotz, 1998) and psychoevolutionary research into emaotion (Griffiths,
1990,1997).

The two research traditions that |ooks most like the supposedly dominant SSSM are
behavior anadysisin psychology and socia congtructionism across the socid and
behaviord sciences generdly. Behaviorism was indeed a dominant paradigm in the
classic sense until the late 1950s, but it has been in continuous retrest ever snce. Socid
congtructionism has excited widespread interest ever snceits originsin the work of Peter
Berger and Thomas Luckmann (Berger and Luckmann, 1967), but it has only ever been
the received view in sub-fields of certain disciplines, such as cultura anthropology. In



experimenta psychology and cognitive science, the two fidldsthat Narrow Evolutionary
Psychology is most concerned to reform, socia congiructionism has never achieved any
kind of dominance. Furthermore, contrary to the impression given by Narrow
Evolutionary Psychology, the tradition of psychoevolutionary research in the socid and
behaviora sciencesisamore or less continuous one leading back through the
sociobiology and Darwinian anthropology of the 1970s to the longstanding program of
human ethology whose approach was laid down by Konrad Lorenz and Niko Tinbergen
and whose best known representative is perhaps Irenaus Eibl Eibesfeldt. Thus, what
Narrow Evolutionary Psychology represents as monalithic ‘old” and ‘new’ approachesto
the mind are better seen as longstanding oppositions between and within various
disciplines and sub-disciplinesin the human sciences. The central festure of the SSSM,
the idea that most psychologica mechanisms are ‘generd-purpose’ or ‘content-
independent’, is something many earlier theorists have criticized. Contrary to its
publicity, Narrow Evolutionary Psychology is not ‘the new science of the mind': the
inevitable result of findly putting Darwinism to work in the relm of humen effars.
Insteed, it is the conjunction of two longstanding research traditions, neither of whichis
the only viable option inits own field. These traditions are the classcd, representationa
program in cognitive science (Marr, 1982; Fodor, 1983) and the adaptationist form of
neo-Dawiniam that informed ‘ 70s sociobiology and was popularized by Richard
Dawkins (Dawkins, 1976).

In this paper we argue that Narrow Evolutionary Psychology inherits the worst failings of
both of its condtituent programs. Its methodology is unsuitable either for making heuristic
predictions about mental structure that can guide psychological research or for providing
deep, naturdigtic explanations of menta structure. On amore optimigtic note, we offer a
more workable dternative way to garner the heuristic benefits of a biologica perspective
for psychologica research and sketch some of the elements that will have to be added to
the verson of evolutionary theory favored by Narrow Evolutionary Psychology in order
to congruct fully naturaistic explanations of menta structure.



1.2 The Evolution of Cognition: A Commitment to Darwinism

Oneresult of the historicd story that accompanies Narrow Evolutionary Psychology isan
unfortunate tendency to treet dl critics of the movement as opponents of evolutionary
psychology in generd, or even of the theory of evolution itsdf. We want to make it clear
that we are neither. We are committed to seeking a naturalistic account of cognition, one
that makes mental processes part of the naturd world and their investigation part of

natura science. Thisimplies that cognition must have evolved like any festure of living
systems. A fully naturdistic perspective, however, requires more that mere consistency
with some modd of evolution. Naturaism requires that both the modd of cognition and
the modd of evolution are themsdalves devoid of any essentid commitments that cannot

be given anaturd explanation. The models must be:

1. Mechanistic

The entities and processes postulated by the models must be either processes that feature
inlower-level (‘physicd’) theories, or emergent, syslem-level properties whose
emergence can be causdly explained in terms of lower-level processes. A good example
of this second sort of explanation is the emergence of structure, such as attractors and
bifurcations, in the dynamics of complex systems. This dructure is emergent in the sense
that it cannot be predicted from or reduced to regularities governing the activity of the
systems components. The fact that an unpredictable dynamica structure emerges,
however, can be fully explained in terms of regularities governing the system

components. No mysterious extraingredient is required. In the present context, akey
implication of mechaniam is that functiona and design language must be able to be
exhaudtively ‘discharged’ in mechanidtic terms. That is, the fact that biologica systems
can be discussed in those terms must be mechanigticaly explained in much the same way
that system dynamics can be mechanistically explained.

In the context of biology and cognition, it isaso critica to notice that the quest for
explanatory continuity does not imply the traditiond *‘reduction’ of the socid to the
individud and theindividud to its parts. The contextua conditions under which systems



operate are as legitimate a source of explanation asthe intringc properties of system
components. The tendency of an asexud speciesto remain in one region of phenotypic
gpace, for example, can be explained in terms of the candized developmenta structure of
individuad organisms or, equdly legitimately, in terms of the congraints imposad on the
species by sdection. The more ‘internd’ explanation is not intrinscaly preferable to the
more contextua explanation. In the same way, human development proceedsin arich,
‘developmenta niche’ congtructed by previous generations, and the congtraints imposed
by this niche are alegitimate source of explanation of species-typicd traits.

2. Historical

Naturdistic models of cognition and other festures of biologica form must be consstent
with the historical emergence of these features over time. Historical explanations that
depend on the presence of unique sets of conditions presented in the correct sequences
are not less satisfactory than explanations using generd laws that apply acrossawide
range of initid conditions. In fact, the nature of biologica systems provides reasonsto
expect higtorica explanations to be prevaent. Biological species are historicd lineages
cgpable of unlimited evolutionary change, not natura kinds of organisms, and so do not
feature in traditiond, universd laws of nature (Hull, 1984; Griffiths, 1999). The best
candidates for traditiond laws in evolutionary theory are ecological generdizationsin
which species and populations figure only as instances of ecologica kinds, such as
‘primary producer’ or ‘current occupant of patch’ (Hull, 1987). But the output of
processes governed by these ecological laws and generdizations is typicadly sengtive to
the initia conditions of the process, so the resultant explanations are likely to be
higoricd in nature (O'Hara, 1988).

3. Developmental

A naturdistic model of an evolved trait must dlow amechanigtic understanding of the
development of thet trait both in ontogeny and in its origind occurrence asan
‘evolutionary novelty’. It has been recognized since Darwin himsdlf thet the theory of
natura selection requires atheory of heredity and variation. We argue below that a mere



reference to gene trandfer and random mutation fails to discharge this explanatory
obligation. Reference to genetic information and a genetic program are fill less
satisfactory, since the literd genetic code is only concerned with protein structure and the
broader uses of these terms are nothing more than a promissory note to be paid later with
afull, mechanistic account of developmentd biology. That iswhy molecular genetics and
molecular developmenta biology are important to contemporary evolutionary theory:
they supply elements of the evolutionary process that have previoudy had to be assumed.
Aswadl asfilling agap in our understanding of evolution, the particular way in which the
gap isfilled will have implications for evolutionary theory, asis manifest in the upsurge

of interest in ‘evolutionary developmenta biology'.

A dominant theme of the rest of this paper will be the need to consder organisms as
Stuated in anaturd environment. In different ways, thisis the key to meeting al three of
the obligations we have outlined. Mechanigtic explanations of complex sysemstypicaly
require as much attention to the congtraints imposed on those systems by their context as
to the condraints imposed by their congtituents. The sorts of historicized evolutionary
explanations that we have described above are contextua in thisway: they attend to the
historical conditionsin which the organism evolved. Findly, the explanatory srategy in
developmenta biology most likdly to leave promissory notes scattered about is one that
localizes control of development in asingle materid resource. Single causesin
development derive their specific effects from the context in which they operate. While it
can be auseful experimentd tactic to treat this context as given, this tactic achieves
experimentd tractability precisely by sacrificing explanatory completeness.

In the next section we outline the problem that Narrow Evolutionary Psychologists
uggest isthe primary impediment to progress in cognitive science and the solution that
they offer to this problem. In section three we argue that this solution is unlikely to work
and that amore promiang dternative is readily available. In section four we turn to the
account of evolution presupposed by Narrow Evolutionary Psychology and argue that it
needs to be enriched in various respects before genuingly naturdistic explanations of

mental processes are possible.



2. Cognitive Sciencein the Dark?

But in many branches of the psychologica and behaviora sciencesit istoday quite
usua to devise, out of hand, some sort of experimental procedure, apply it to a highly
complicated system about which next to nothing is known, and then record the results.
Of course, information can be, and has been gathered by this method... However...we
prefer to have results before the present interglacial period comesto an end. That is
why ethology emphatically keeps to well-tried Darwinian procedures. (Lorenz, 1966,

p. 274)

Practitioners [of anthropology, economics, and sociology have to] redize that theories
about the evolved architecture of the human mind play anecessary and centra rolein
any causal account of human affairs. ...Cognitive scientists will make far more rapid
progress in mapping this evolved architecture if they begin to serioudy incorporate
knowledge from evolutionary biology and its rdlaed disciplines ... into their

repertoire of theoreticd tools, and use theories of adaptive function to guide their
empiricd investigations. (Tooby and Cosmides, 1998, p. 195)

In essence, the critique of current cognitive science offered by Narrow Evolutionary
Psychology isthe same as Konrad Lorenz' s earlier complaint againgt what he liked to cdll
'‘the American behaviorigts. A complex device like the human brain exhibits an
extraordinary number of regularities, but only some of these can properly be construed as
facts about how the mind works. The vast mgority of regularities are mere side effects
and are not useful entry points to a systematic understanding of the principles according
to which the system operates. Without an evolutionary perspective, psychologicd science
isgroping in the dark. It does not know what it islooking for and when it finds something
it does not know what it islooking at. To Lorenz, the |aboratory-based search for laws of
behavior seemed as misguided as dropping automobiles from buildings under controlled

conditionsin order to ‘discover the principles governing their operation’. In the same



vein, advocates of Narrow Evolutionary Psychology argue that empirica psychology
without an evolutionary perspective has no way to determine whether it is studying
meaningful units of behavior or menta functioning. The fundamenta idea behind Narrow
Evolutionary Psychology is thet the natural way to classfy behavior and the cognitive
functioning that underlies behavior isin terms of adaptive design:

Theintelectud payoff of coupling theories of adaptive function to the methods and
descriptive language of cognitive science is potentialy enormous. By homing in on

the right categories -- ultimately adaptationist categories --an immensdly intricate,
functiondly organized, species-typical architecture can gppear ... Just asone canflip
open Gray's Anatomy to any page and find anintricately detailed description of some
part of our evolved species-typica morphology, we anticipate that in 50 or 100 years
one will be able to pick up an equivalent reference work for psychology and find in it
detailed information processing descriptions of the multitude of evolved species-
typica adagptations of the human mind, including how they are mapped onto the
corresponding neuroanatomy and how they are constructed by developmental
programs. (Tooby and Cosmides, 1992, p. 68-69)

2.1 Narrow Evolutionary Psychology: The Past and the Present

The form of evolutionary theory that figuresin Narrow Evolutionary Psychology is
continuous with that which gave rise to sociobiology, but the emphasis on cognitive
mechanisms, as opposed to behavior, is new. In fact, sociobiologists criticized the earlier
ethologicd tradition for explaining human behavior as the result of evolved mechanisms
rather than focusing on the direct predictions of evolutionary theory about behavior itsdlf.
The latter gpproach had been adopted with considerable success by behaviora ecology
during the 1960s, just as the ethologists 'hydraulic modd' of mental mechanisms was
fdling into disrepute. In behaviord ecology, behaviors were interpreted as evolutionarily
stable strategies in competition between and within species. Modds of these competitive
interactions between organisms could be constructed using the new techniques of
evolutionary game theory and the predictions of these models tested againgt actua
behavior. Sociobiology smply sought to extend this successful gpproach to humans. It



was argued that sociobiology was superior to ethology because it made predictions about
behavior and tested them rather than merely describing behavior and explaining it. This
led to the hope that evolutionary models could guide psychologica research and point it
towards important phenomena that would otherwise be misunderstood or overlooked.
The advocates of this new approach and proponents of these arguments included leading
figuresin today’ s Narrow Evolutionary Psychology, such as Jerome Barkow (Barkow
1979). Narrow Evolutionary Psychology has retained the idea that evolutionary theory
can make predictionsto assist the process of psychologica discovery, but has become
grongly critica of the sociobiological emphasis on behavior. According to Narrow
Evolutionary Psychology, the current human environment is so different from that in
which humans evolved that current behavior is unlikely ether to be the same asthe
behavior produced in the past or to have the same effects on biologica fitness. For these
reasons, Narrow Evolutionary Psychology does not use evolutionary theory to predict
which behaviors will be observed today or which behaviors will be adaptive today.
Instead, evolutionary theory is used to predict which behaviors would have been selected
in postulated ancestral environments'. Current human behavior isto be explained as the
output of the mechanisms that evolved to produce those ancestral behaviors when these
mechanisms operate under modern conditions. Narrow Evolutionary Psychology aso
adopts the idea that apparently very diverse behaviors may be the manifestations of a
sngle, evolved rule under arange of loca conditions, an ideawhich originated in
‘Darwinian anthropology’ (Alexander 1979; Alexander 1987). Refocusing research on
the ‘ Darwinian dgorithms' that underlie observed behavior, rather than the behavior
itsdf lets the evolutionary psychologist ‘ see through’ the interfering effects of

environmental change and cultura differences to an underlying human nature (Figure 1).

Insert Figure 1. about here.

! The simple contrast between earlier sociobiology and today’ s evolutionary psychology suggested hereisa
caricature that does not do justice to the earlier researchers, who were often very well aware of the point
about environmental change. For an account of the historical development of sociobiological methods, see
chapter 13 of Sterelny & Griffiths (1999).



Narrow Evolutionary Psychology argues that psychological mechanisms must be
described using the representational, information- processing language of classica
cognitive science. Behaviord descriptions cannot be used, for the reasons described
above. Neurophysiological descriptions are an obvious dternative, as they correspond to
the morphologica descriptions given to other, evolved features of human anatomy; but
the form of evolutionary theory preferred by Narrow Evolutionary Psychology will not
predict anything about ‘mechanisms' in thislitera sense. The models used in behaviora
ecology predict which behaviors will be selected but do not predict anything about how
those behaviors will be produced. If we accept the conventional view in cognitive science
that indefinitdly many different neurologica mechanisms could potentialy support the
same behavior, behaviora ecology predicts nothing about neurologica structure apart
from its output when supplied with input of the kind it received in the evolutionary past:

When agpplied to behavior, natura sdection theory is more closdly dlied with the
cognitive level of explaretion than with any other level of proximate causation. Thisis
because the cognitive level seeks to specify a psychologica mechanism's function, and
natural selection theory is atheory of function. (Cosmides and Tooby 1987, p. 284)

What Narrow Evolutionary Psychology refersto as theories about ‘ psychologica
mechanisms are more accurately described as theories of cognitive functioning —
theories about the performance profile of the mind.

This fact about the output of adaptationist reasoning fits together neetly with the idea,
usudly attributed to David Marr (Marr, 1982), that explanation in cognitive science
should proceed smultaneoudy at three, mutualy illuminating levels. The highest leve
concerns the tasks thet the cognitive syslem accomplishes — recovering the shape and
position of objects from stimulation of the reting, for example. The lowest level concerns
the neurophysiological mechanisms that accomplish that task — the neurobiology of the
visud sysem. The intermediate level concerns the functiond profile of those
mechaniams, or asit is more usualy described, the computationa processthat is
implemented in the neurophysiology. The two higher levels of andyss areirreducible



because each leve is multiply redizable at lower levels: the same task can be
accomplished by different agorithms and the same agorithm can be implemented on
different hardware. Redescription at alower leve thus resultsin areduction in generdity.

Insert Figure 2. about here.

Marr argued that adjacent levels of andyss are mutualy illuminating and thet research
should be pursued smultaneoudy at dl three levels. Hypotheses about the neurd
redlization of the computationa level congtrain hypotheses about computationd

processes to those that can be realized by the proposed neurd systems. Conversely,
hypotheses about computational processes guide the interpretation of neurd structure, It
makes sense to look for structures that could perform the tasks that need to be performed.
Similar rdations of mutud congtraint hold between the level of task description and the
computationa processes. But there remains something of a puzzle as to how the highest
level, the task description, is to be specified, other than by stipulation. 1t ssems obvious
that the task of vision is to reconstruct the surrounding objects but why isthisthe right
answver? Why is color vison an ad to object recognition, rather than the overdl am of
vision being aesthetic experience and object recognition only ameansto that end? Why
arevisud illusons not the non plus ultra of visud wdl-functioning? Thisis essantidly

the problem of providing a naturd taxonomy of cognitive function that was encountered
above. The value of evolutionary theory to cognitive science has been described in many
ways in the Narrow Evolutionary Psychology literature, but al of these come down to the
samething: it provides the task description and thus congtrains lower-level hypotheses
(Figure 3). The purpose for which an organism has been designed by naturd sdlectionis
the task description of that organism and the sub-tasks correspond to separate adaptive
chalenges posed by the ancestral environment:

Evolutionary psychologists expect to find afunctional mesh between adaptive
problems and the structure of the mechanisms that evolved to solve them. (Cosmides,
etal., 1992, p.7)



Because the enduring structure of ancestral environments caused the design of
psychologica adaptations, the careful empirica investigation of the structure of
environments, from a perspective that focuses on adaptive problems and outcomes,
can provide powerful guidance in the exploration of the mind. (Tooby and Cosmides
1992, p. 72)

Insert Figure 3. about here.

2.2 Massive Modularity

One of the best-known aspects of Narrow Evolutionary Psychology isthe ‘massive
modularity thes's, according to which the mind has few if any domain generd cognitive
mechanisms. Ingteed, the mind is a collection of separate ‘modules’ each designed to
solve a specific adaptive problem, such as mate-recognition or the enforcement of femae
sexud fiddity. The massive modularity thessisthe result of reasoning from avery

general claim about selection pressures to a very generd conclusion about the structure of
the mind. Narrow Evolutionary Psychology claims that evolution would favor multiple
modules over domain generd cognitive mechanisms because each module can be fine-
tuned for a specific adaptive problem. Hence, it is argued, cognitive scientists should ook
for domain specific effectsin cognition and should conceptudize their work as the search
for and characterization of mental modules.

3. Enlightenment from Evolution?

In this section we argue that the proposed evolutionary heurigtic for cognitive science —
the use of evolutionary task descriptions to congtrain theories of cognitive function —is
unworkable. Fortunately, another heuristic, familiar from actual practice in other aress of
functiond anatomy, is available.

The idea that knowledge of evolutionary functions can act as a guide to research into

cognitive functioning faces an obvious objection. It would seem at firg glance that



knowledge of the sdlection pressures in distant evolutionary episodes is even harder to
come by than knowledge of current cognitive functioning. Evolutionary function isan
epistemicaly demanding concept, one whose disciplined gpplication requires
consderable research and which, even then, typically remains highly inferential and
subject to frequent regppraisal (Brandon, 1990, Ch. 5; Lauder, Armand, & Rose, 1993).
The actud functioning of cognitive systems, however, is an empirical matter about which
we can gain experimental knowledge. Moreover, evolutionary functions are unusually
hard to establish in the case of cognitive functioning. As described above, Narrow
Evolutionary Psychology denies that current behaviors and their ecologica effects are
good evidence for the evolutionary functions of the mechanisms that underlie those
behaviors. Thus, while most behaviora ecologists can conduct empirica tests of fit
between observable behavior and the predictions of an evolutionary mode, Narrow
Evolutionary Psychology isforced to interpose between the observation and the
prediction amodel of the psychologica mechanism that produced the ancestral behavior.
This second psychologica modd is used to predict which behavior will occur under
modern conditions. It isthis prediction that is tested againgt empirica data. A huge
hypothetica gpparatus thus separates the data from the model under test and, as dways,
the test is only as rdiable as the assumptions that went into building that gpparatus. A
further difficulty isthat behaviord ecologigts are typicaly aole to base their evolutionary
models on empiricaly derived knowledge of the relevant ecology. Narrow Evolutionary
Psychology must base its models on recongtructions of past ecologies from
paleontological and comparative data.

Thereisadtill deeper problem, which we believe is more or less fatd to the proposed
evolutionary heurigtic. Narrow Evolutionary Psychology presumes that evolutionary

theory can guide psychologicd research because it can modd the selection pressures that
led to the evolution of traits about which we lack current descriptive knowledge. But, as
we will now show, the ability to mode selection pressuresis directly proportiond to

current descriptive knowledge of the form of trait. The heuristic will only work where it

is not needed! Narrow Evolutionary Psychology argues that knowledge of evolutionary
function isa guide to the actua form of the mind because:



In evolved systems, form follows function. The physica structure is there because it
embodies a set of programs; the programs are there because they solved a particular
problem in the past. (Tooby and Cosmides, 1997, p. 13, our emphasis)

Theideaisthat evolutionary theory can recondruct the niche in which the human mind
evolved and predict how the mind will be structured to fit that niche. More precisdly, the
evolutionary theorigt will take the complex property of occupying the niche and conduct
afunctiond andysis of that property akin to the functiona andlyss of the mind described
above. The property of occupying the niche can be thought of asthe organisms ‘lifestyle
(eg, living in atropical forest esting insects thet live under the bark of trees). This
lifestyle consigts of separate tasks (getting up the trees, finding the insects, extracting the
insects, and so forth). Having created this task description the theorist can predict that the
organism will have mechanismsthat dlow it to get up the tree, mechaniamsthat dlow it
to find the insects and mechanisms that alow it to extract them from under the bark. In
the same way, it is proposed, we can take the niche that the human mind evolved to
occupy and functionaly andyze the property of occupying that niche in order to
determine the (functiond) structure of the mind.

The trouble with this proposd is that it assumes that we can recongtruct the niche while
we are ignorant about the structure of the mind. The problem facing Narrow Evolutionary
Psychology is quite unlike that facing the student of tropical woodpeckers, who can
identify the rlevant niche empiricaly. It isaso unlike that of the paleontologist, who
knows the form of the woodpecker from the fossil record. What Narrow Evolutionary
psychologists propose to do is more like a paleontologist who has found fossil birds with
no skulls and proposes to recongtruct their feeding mode by thinking about the niche they
occupied. The problem, of course, isthat the best way to reconstruct their niche would be
to look at their beaks and determine for what tasks beaks like that are good. Narrow
Evolutionary Psychology has overlooked the conceptua relationship between an
evolutionary niche and the organism that fillsit. An evolutionary niche is a hyperspace

whose axes are ranges of tolerance for ecologica parameters, parameters that range from



ranfdl to predator dengty. A smple volume of physicad space containsinnumerable,
overlgpping niches. To determine the niche of any given speciesit is necessary to know
what ecological parameters the species responds to and in what range of those parameters
apopulation of that species can maintain itsdf. The more that is known about an
organism, the more precisdly it is possible to gate the dimensions and extent of its niche.
The ‘woodpecker’ niche described above islaughably underspecified if the amisto
explain form. It isindeed occupied by woodpeckers in Borneo and Sumeatra, but in New
Guineathis niche is occupied by arborea marsupids (Brandon, 1990, p. 67-68). If our
evolutionary predictions about cognitive function are so imprecise as not to digtinguish
the psychologica equivadents of flying and climbing they will not be of any great vaue

to cognitive science. We will suggest in section four that in order to make evolutionary
predictions of the necessary precision it woud be necessary to know not just agreat deal
about form, but also a great deal about development, since development determines the
classof ‘solutions' thet are available for selection.

Given the difficulty of andyzing evolutionary function in the absence of descriptive
anatomy, it isreassuring to note that structural anatomy, and to alesser but ill
considerable extent functiona anatomy, made greet strides before Darwin. In hiswork on
the emoations, for example, Darwin relied on knowledge of the function of the facid
musclesin emotiond expression derived from the longstanding study of facid anatomy
by artists and physicians. Functiona anatomy is an important comparison case for
Narrow Evolutionary Psychology, asit isthe equivalent for other organs of the cognitive
level of andysis of brain function that Narrow Evolutionary Psychology amsto bring
into being. Functiona anatomy describes the specific tasks performed by anatomica
structures, tasks that could, at least in principle, be performed by other physica
structures. Even after the widespread acceptance of Darwin's theory it is unclear that
evolutionary functiond andyss has played amgor role in functiona anatomy. That is
not to say that an evolutionary perspective has not been important. The comparative
method has been recognized as one of the keys to progress in anatomy since the
renaissance, and this method is on a firmer footing once taxonomy is based on

evolutionary relaionships. There are other relevant aspects of an evolutionary



perspective too, as we will show below. But the predominant notion of function in
functional anatomy does not seem to be evolutionary function (teleonomy). One
observation in support of thisideais that scientists eucidating anatomica and
physologica function do not experience amgor discontinuity in their research practice
when they move from those features that can plausibly be supposed to be adaptations to
those that are * nothing but spandrels, chemistry and entropy’ (Tooby and Cosmides, 1998,
p. 195). For example, some of the pairings between codons and amino acids that make
up the genetic code and its variants are probably the result of selection for error
minimization, whilgt others are vestiges of chemicd affinitiesin RNA world and other
reflect the tempora sequence in which new amino acids became available for incluson in
polypeptides (Knight, Fredland, & Landweber, 1999). Y et exactly the same research
practices will reved the function of al these codons — what they code for - because a
codon’sfunction is a matter of what the codon actually does and not why it doesit.
Smilarly, anatomists do not usualy withdraw claims about the functions of anatomica
sructures when presented with evidence that these are not the functions in virtue of
which the structure was sdected. The distinction between functions and mere effects, so
critical to the evolutionary concept of function, does not seem critica for the practice of
functiona anatomy and physiology, or to the anatomica/physiological concept of
function. This should not be surprisng, since the evolutionary notion of function actudly
presupposes that the same functions can be identified in away that says nothing about
their evolution. The evolutionary functions of atrait are the waysiit contributed to the
fitness of ancedtral organisms, that isto say, they are the functions assigned to the trait by
acausa functiond analysis of how those ancestral organisms survived and reproduced
(Griffiths, 1993). The causd functiond analys's of fitnessis no different from the causa
andysis of any other property of an organism, such as disease susceptibility: it merdy
identifies what the parts do in the overd| causd mechanism. Ronald Amundson and
George Lauder have discussed these issuesin more detail and conclude that the
predominant notion of function in the anatomicad sciencesis causd role function: the
contribution made by a part of amechanism to the causal capacity of the mechanism of
which it isapart (Amundson and Lauder, 1994).



We have argued that evolutionary functiona anadyssistoo epigemicaly demanding to
provide a short cut to understanding cognitive function and that other fields of functiona
anatomy do not rely on evolutionary functiond andlyss. But the problem identified by
Narrow Evolutionary Psychology, and by ethologists like Lorenz, remains. Themind is
an unusuadly complex system whose structure-function relaionships are hard to
determine. It would be profoundly useful to have anatura taxonomy of cognitive
function to constrain hypotheses about function and to provide a structure within which
to place empiricd findings about function. Fortunately, there is an dternative source of
such anatura taxonomy and, indeed, it is the one the ethologists originaly had in mind.

Niko Tinbergen famoudy proposed that there were four questions that could be asked
about any behaviord trait (Tinbergen 1963):

1. What isthe evolutionary history of the behavior?

2. What isthe current use of the behavior in the life of the organism?

3. How doesthe behavior develop over the life of the organism?

4. What psychologica and other mechanisms control the behavior?
The four questions correspond to four explanatory projectsin biology. Thefirgt,
evolutionary, question is answered by phylogeny reconstruction and evolutionary
modding. The second question is an ecologica one: it asks how the trait contributes to
the organisms  capacity to occupy its niche. Thereisathird question for developmental
biology and afourth for the cluster of anatomica and physiologica disciplines, a cluster
that includes experimenta psychology and cognitive science.

We have described the smilarity between Narrow Evolutionary Psychology and Lorenz's
view that the units of behavior studied by behavior andyssin the first haf of the

twentieth century were biologicaly meaningless and thus not a useful guide to the
principles according to which the mind works. Unlike Narrow Evolutionary Psychology,
however, Lorenz did not suggest that psychologigts tackle Tinbergen' sfirst question and
try to recondtruct evolution. He suggested that psychology tackle the second question and
try to understand the ecologica significance of behavior. In the context of animal

behavior sudies this amounted to studying behavior in something gpproximating a



natura setting so asto be able to devise ‘ecologicaly valid tasks for later, controlled
experimentation. In effect, the ethol ogists recommended using an ecologica taxonomy

of behavior to structure research on behavior. We suggest that an ecologica taxonomy of
cognitive function can play the same role for cognitive science. The study of cognitive
functioning can beilluminated by the causal functiona analyss of the capacity of the
mind to occupy its current niche. Interestingly, this comes close to some of the
methodological practices adopted by current research in Stuated activity or ‘embodied
mind' research (Hendriks-Jansen, 1996: Chapter 14).

We expect that adherents of Narrow Evolutionary Psychology will regard thisasa
ridiculous proposd - surely any meaningful account of an organism’srdaions with its
environment must dassfy theanimas' activitiesin terms of their adaptive function! But
amoment's thought reveals thet this picture is back-to-front. Theories of adaptive origins
are generated by conducting a causd functiona analysis of the capacity of the organism
to survive and reproduce in an ancestral environment. The adaptive function of atraitis
the function it isassigned in that anadlysis of pure causal function. If organism-
environment relations cannot be understood unless the traits of the organisms are
classfied in terms of their adaptive function, then the entire enterprise of adaptive
explanation cannot get started. So apurdly causal andyss of the ecologica function of
behavior must be possible without knowing its adaptive function. But the idea that there
are coherent concepts of function other than evol utionary adaptive function seemsto be

very hard for Narrow Evolutionary Psychology advocates to assmilate.

4 A Step-by-step Naturalization of Evolutionary Psychology

The mode of evolution used by Narrow Evolutionary Psychology isthe received view
that came out of the ‘modern synthesis' of Mendelian genetics and natural selection
(Figure 4.). This section attempts to enrich the modd of evolution employed by Narrow
Evolutionary Psychology by adding some basic ingredients of naturdism to make it
mechanigtic, historical and developmenta (see Section 1.2, above).



Insert Figure 4. about here.

We discuss a number of respectsin which the traditional neo-Darwinian modd of
evolution failsto meet these desiderata. 1) It talks about form without having atheory of
its genesis. 2) It expects a smooth fitness landscape for the mechanisms of mutation,
sexud recombination, and salection to work upon, but has no explanation of the
landscape itsalf. 3) It neglects important aspects of inheritance and makes the fact that
humans have a high degree of cognitive flexibility and acomplex system of cultura
inheritance into an anomaly to be explained away. Findly, 4) it ingsts on sdlection asthe
'sole entropic force in nature' and ignores the other, wel-established entropic forces

whose existence is a precondition for selection to produce order.

4.1 Variation: The Origin of Form and Novelty in Evolution

Naturd sdection depends on sorting through variants. Centrd to this kind of
explandion is the higtoricdly redized sequence of vaiants. Sdection shares
explanatory force with the dynamics of variaion. (Ahouse, 1998, p. 372)

Dawin's theory of evolution is a theory of descent with modification. It does not
explan the geness of form, but the trimmings of the form, once they are generated.
(Kauffman, 2000, p. X)

There is a glaring gap in Fgure 4.: there is no reference to developmenta biology or a
theory of organization. Until this ggp is filled, the modd lacks an account of where
phenotypes come from — an “evolutionary biology of organismic desgn” (Wagner, 1994,
p. 276). In the adgptationist tradition, phenotypic variation is recognized as one of the
man requirements of evolution, but its exisence is rarely questioned or problematized.
The capecity of developmenta systems to generate variant forms that can solve adaptive
problems enters the modd only a the genetic levd with the reference to mutation and
recombination. There are wel-known higtorica reasons for this The ‘modern synthess
of Menddlian genetics and naturad sdection that put so many of the biologica sciences on



a common theoreticd bads faled to include the science of developmenta biology
(Hamburger, 1980). The synthetic theory bypassed what were a the time intractable
questions of the actud relationship between dretches of chromosome and phenotypic
trats. Although it was accepted that genes mud, in redity, generate phenotypic
differences through interaction with other genes and other factors in development, genes
were treated as ‘black boxes that could be relied on to produce the phenotypic variation
with which they were known to corrdate. The black-boxing dStrategy dlowed the two
tractable projects — theoreticd population genetics and the study of sdection a the
phenotypic level — to proceed. Population genetics, the mathematical core of the modern
gynthess, could postulate genes corresponding to phenotypic differences and track the
effect of sdection on these phenotypic variants a the genetic level. Sdection could be
sudied at the phenotypic level on the assumption that variant phenotypes were generated
in some unknown way by the genes and that phenotypic change would be tracked by
change in gene frequencies. Within this framework, the only account that can be given of
phenotypic varidion is tha it corresponds directly to mutation and recombination a the
genetic leved. Any actuad dructure to development, resulting from the processes hidden in
the ‘black box’, will reved itsdf only in the falure of sdectionist reasoning based on the
‘null hypothess that no such dructure exigts. Like other pure adaptationist research
programs, Narrow Evolutionary Psychology uses development only in this way, post hoc,
to explain the lack of fit between a selective modd and the data.

The continued excluson of devdopmenta biology from the evolutionary synthess in
favor of the genetic program metaphor, however, can only be regarded as a ‘theoretica
eror of the fird order (Strohman, 1997). The methodologicd limitations thet
necessitated the black box approach to the gene have now been overcome, largely as a
result of the molecular revolution. The vibrant fidd of evolutionary developmentd
biology has created a podtive role for devdopmentd biology in evolution:
developmentd biology explains where phenotypes come from and, in doing so, reveds
the naturd units of biologicd form. As empiricd research on the formation and
transformation of body plans has shown, ontogenetic pathways are not necessaily
conserved dong with the adult body plan (Raff, 1996). The same seems to be true with



regpect to genetic mechanisms, which often fal to provide a rdiable bass for a homology
concept because of their loose corrdation to morphological variaion. It seems that
dructurd homologues exist quas-independently from their genetic and deveopmentd
causes (Wagner 1994,1995). Conversdly, dramatic evolutionary changes in phenotypes
can appear despite highly conserved patterns of genetic expresson and processes of
developmentd organization (Mudler and Wagner, 1996). These findings support a view
of homologies as “emergent dable patterns that can not be explained by ability a a
more dementary levd” (Wagner, 1995, p. 283). There seems to be a growing recognition
that genomic sequence information is insufficient to determine the way gene products
(proteins) interact to produce a mechanisms. In other words, genes in isolaion contain
insufficient information to determine gene function (Strohman, 1997).

The main focus of current research in evolutionary developmenta biology is on magor
structura features of the body. In principle, however, the exact same gpproach should be
gpplicable to the evolution of the mind. There have been some attempts to explore this
possibility in the recent literature. Experiments and statistical analyses in neurogenesis
conducted by Barbara Finlay and her colleagues (2001) found that few direct links could
be made between the Size of different brain structures and differencesin behavior
between species. Their findings suggest that, contrary to the widespread assumptions of
gructure/function relationship, increasesin the size of individua structure may not be
closdly related to specid behaviora capacities. The most useful predictor of structure
gzesof individud brain structuresis the Sizes of other brain structures, with some
additiona minor effects of taxonomic relationship and overal brain and body size,
suggesting that selection is, indeed, * attacking a broader front’.

Even a complete andyss of the adult brain, usng the full aray of current techniques
in neuroscience, Wwill leave unexamined centrd quedions about the essentid
relaionship between dructure and function. The study of development promises
unique indghts into the nature of functiond architecture. Likewise, paterns of
comparative brain evolution show dgructureffunction links in a different light than that

cast by any one species. The problem we concern oursdves with here, then, is



edablishing the precise devdopmenta substrate on which brain evolution sdects. Do
the brain and its information-gethering organs divide themsdves up in evolution into
components, modules, or circuits that can be the independent objects of specid
section...? Or does sdlection attack a broader front, working change by adjusting the
parameters of a "standard’ developmental program? (Finlay, Darlington, & Nicastro,
2001, pp.4-5 of preprint)

We have referred to some of the new gpproaches to evolutionary explanation that are
emerging from evolutionary developmenta biology. The lesson to be drawn from these
new gpproaches for evolutionary psychology is that the 'natura kinds of behavior it seeks
- and which Narrow Evolutionary Psychology cdlamsto have found in innate and content
rich, domain-specific modules - must be defined developmentdly as wdll as functionaly.
Evolutionary psychology needs to account for the generation and fixation of traits. The
redl lesson which evolutionary theory has for psychology isthat a synthesisis needed
between behavioral ecology and developmenta psychology - not evolutionary
psychology, but evolutionary developmenta psychology.

4.2 Evolvability conditions. Quasi-Independence and Continuity

The mechanisms of generation and fixation (or integration) are two stepsin the direction
of building stable units of characters. However, they are only two steps in the production
of naturd units of biologica form. An essentid third step in the production of adaptive
developmenta organization is the decoupling of previoudy integrated partsinto quas-
autonomous units:

[The phenomena of adaptation] can only be workable if both the sdection between
character dtates and reproductive fithess have two characteridics: continuity and
quas-independence.  Continuity means that smdl changes in a chaacterigic must
result in only smdl changes in ecologica rddaions a very dight change in fin shepe
cannot cause a dramatic change in sexud recognition or make the organism suddenly
attractive to new predators. Quas-independence means that there is a grest variety of



dternative paths by which a given characteristic may change, 0 tha some of them
will dlow sdection to act on this characteristic without dtering other characteridtics of
the organism in a countervaling fashion; pleotropic and dlometric rdations must be
changesble.  Continuity and ques-independence ae the most  fundamenta
characterigtics of the evolutionary process. Without them organisms as we know them
could not exist because adaptive evolution would have been impossible. (Lewontin,
1978, p. 230)

Empiricd evidence has shown that dructurdly or phylogeneticaly  homologous
characters can be the outcome of quite different developmenta pathways (Hal, 1994,
Wagner, 1994,1995; Wray & Raff, 1991; Bolker & Raff 1996) Even if we find samilar
patterns of ontogeny across different taxa these might turn out to be nothing more than
‘crossng nodes of developmentd pathways coming from and going in quite different
directions. Striking examples come in the form of directly deveoping amphibians that
legp over' the usud larva stage or the apparent ease with which genus Patriella gafish
goecies switch from producing smdl peagic lavae to producing larger, directly
developing benthic offsoring (Pdumbi, 1997). The concept that makes such phenomena
consgent with the equaly compeling evidence that deveopmenta dructure shapes
vaiaion is developmental modularity. Devdopment is an integrated and integrative
process as much as dructures are interactively and hierarcchicdly organized; yet
gructures as well as therr underlying mechanisms can be decomposed into dissociable
‘building blocks (Brandon, 1999).

Two aspects are of importance, the individualization of characters alowing the free
combination between individudized building blocks, and constraints acting againg the
variation of the character. The operationa problem with separated body partsis how to
distinguish between an adequate and a less or inadequate 'atomization' of the organism.
This problem is at the center of organismic or morphologica biology. What is being
sought are mechanisms responsible for the creation and maintenance of the evolutionary
unitsin questions. These are locdly acting sdlf- regulating mechaniams during the
development of the organism that cause the differentiation of the organs. Mogt of them



are wd| known: sdlf-assembly, fixation of tempord patterns, and spontaneous pattern
formation. Interestingly, these mechanisms differ in their causd role for congtructing and
maintaining organismic features. There are passve structures as well as actively
maintained ones, determined by different causal factors. These results of developmenta
biology have led to the proposal that there are two quite different regulatory processes
respongble for the congtruction of organic characters and the determination of their
gructurd identity in pite of developmenta perturbations: mor phogenetic and

mor phostatic cdlular mechanisms. Research on developmenta modularity can explain
how to pick the right traits out of such a complex organization as organisms; how, so to
speak, to carve nature &t its joints.

These results are able to reconcile the existence of apparently solid developmenta
congtraints with apparently variable developmenta pathways and are a big step towards a
theory of morphological evolution. The modularity concept® provides an answer to the
problem of how genotypic conditions are represented at the phenotype levd (the
genotype- phenotype map), and how phenotypic conditions are represented at the level of
the organism’ s fitness (the phenotype-fitness map). Hence the concept of developmental
modularity explains how continuity and quasi-independence are achieved, but only, of
course, by charactersthat reflect the real, modular structure of development. Once again,
the mord isthat a genuindly evolutionary psychology cannot focus on the adaptive
advantages of certain phenotypes and leave the genes to take care of the rest.
Understanding how the mind growsis critical to determining how it might have evolved.

2 |tisironic that two such closely related fields as Narrow Evolutionary Psychology and Evolutionary
Developmental Biology should make such different uses of the concept of ‘modularity’. NEP has a
theoretical argument for the existence of modules: it would be difficult to optimize amind for any one
adaptive problem if the same mind is used to solve many problems. NEP modules are postulated on the
basis of thinking about the structure of ancestral environments and evidence for their existenceis provided
by domain specific effects in cognitive performance. EDB has its own theoretical argument: modules
explain how structures can be altered one at atime. But these structures need not (although they can)
correspond to single adaptive functions and so must be discovered empirically, rather than via*‘ adaptive
thinking'. Evidence for specific modules can take the form of ‘ developmental constraints' inferred from
comparative biology or of direct evidence about how the phenotype develops. The EDB view of modules
makes it obvious that the modular structure of the organism shapes the course of evolution, aswell asbeing
shaped by it, whereas the NEP view overlooks this fact, as discussed in Section 3 above.



4.3 Extended | nheritance

What we can conclude from the preceding section is that developmental mechanisms,
which are to a certain degree emergent mechanisms with respect to their genetic basis,
determine where one, quasi-independent evolutionary character ends and the next begins.
That leads us to the question of the heritability of such mechanisms: their gability and
reliable presence a the next generation. Have we not dl learned that only genetic
variations are of any interest to evolution since these are the ones that can be picked out
by natural selection? How does this leave us with respect to the interaction of evolution

and development?

Cosmides and Tooby give asuitably interactivist description of the relationship between
genes and environment:

The cognitive architecture, like dl aspects of the phenotype from molars to memory
creuits, is the joint product of genes and environment. ... [Evolutionary
Psychologists] do not assume that genes play a more important role in development
than the environment does, or that "innate factors' are more important than "learning'.
Ingead, [Evolutionary Psychologists] rgect these dichotomies as ill-concelved.
(Tooby and Cosmides, 1997, p. 16)

So far so good. But in practice, this partnership can be very one sided:

The genes allow the environment to influence the development of the phenotype [...]
genes ae damply regulatory edements, molecules that arrange their surrounding
environment into an organiam. ... To learn, there must be some mechanism that causes
it, the mechanism that causes it mug itsdf be unlearned - mugt be "innate’. (Tooby
and Cosmides, 1997, pp. 17-18)

One needs to go a bit further to do justice to gene-environment interaction. Obvioudly,
tak of ‘innate mechaniams' only disguises the fact that the mechaniam itself hasto
develop. Even the most fundamental mechanisms have to be congtructed by the



controlled expression of gene products. That expression relies on awide range of causa
factors, which iswhy norma development can be so easly perturbed (of course, most
such perturbations are pathological, but so are most perturbations due to mutation.) It is
commonly argued that the presence of the right genes must be what explains evolved
traits, because genes are the only things organisms inherit from their ancestors. But a
principled definition of inheritance does not yield this result (Griffiths and Gray, 2001).
Organisms inherit an extended range of resources that interact to reconstruct the
organism's life cycle. Some of these resources are familiar--chromaosomes, nutrients,
ambient temperatures, childcare. Others are less familiar, despite the recent explosion of
work on "epigenetic inheritance” (Jablonka and Lamb, 1995). These include chromatin
marks that regulate gene expression, cytoplasmic chemica gradients, and gut- and other
endosymbionts.

Another important topic in recent biology is the participation of the organism in the
congtruction of its niche (Odling-Smee, 1996). Hence a further agpect of inheritanceis
the loca physical environments, dtered by past generations of the same species and other
species aswdl asthe organism's own activities. Many of these inherited resources have
digtinctive roles. DNA is unique in acting as templates for protein synthesis. Membranes
are unique in acting as templates for the assembly of proteins into more membrane.
Chemicd traces from foraging play a characteristic rolein diet choice in many rodents.
These empirica differences between what DNA does and what other factors do are redl
and important, but do not map onto any deeper, more metaphysica distinctions, such as
that between form and matter or, as Cosmides and Tooby suggest, between factors which

do the arranging and factors that are arranged.

4.4. Development as adaptation, or giving genes a break
Extended inheritance is an important element of the explanation of evolved traits. But it
aso serves to bresk down unnecessarily sharp distinctions between evolutionary

adaptations and ontogenetic adaptation to the current environment. Narrow Evolutionary
Psychology clamsto have done this too, via the idea that development explores atree of



possibilities encoded in the genes, but this Smply creates a sharp dichotomy between
encoded outcomes triggered by the environment and outcomes that are not encoded and
hence not subject to evolutionary explanation at dl. The role of development in the
Narrow Evolutionary Psychology is little more sophisticated than it wasin the 'open
program' mode of the 1940s. Genes do not just code for a suitable reaction to a particular
gimulus, they code for an 'open’ program that has arange of suitable reactions, each
adapted to one of severd previoudy experienced environments. The ‘program’ must
foresee dl possible problems with ready solutions as gppropriate reactions. If that were
what cognitive development is like, then we would have a new evolutionary paradox:
why did evolution invent complex and costly features like amind and an extended period
of post-natal development, while making no more use of them than to detect afew cues
and respond with predetermined solutions to previoudy solved problems?

In the human case, we are dedling with the evolution of 1) amassively extended period of
development - childhood, 2) an extended organ for the processing of ad hoc information -
cognition, 3) the ability to form and perform complex socid interaction - sociality, and 4)
the capacity to produce anew kind of environment made out of rites, public knowledge
and tradition and preserved by new ways of transmission culture. According to Narrow
Evolutionary Psychology, or a least according to its oft-proclaimed account of the role of
genes ad environment in devel opment, these processes do not alow humansto cope
with genuindy nove environmentsa dl - they merely serve to choose from a suite of
pre-specified adaptations on the basis of environmental cues.

In contrast to Narrow Evolutionary Psychology, the traditiona view is that the function
of these processesisto react to dl sorts of "adaptive problems on the spot without the
necessity to wait for multi-generational feedback to build another option into the
developmental program. Development, cognition, and culture, it is argued, have been
adapted for creating novel adaptive behavior. But traditionaly, this new domain of
adaptation has been seen asisolated from explanation by natural selection, as Narrow
Evolutionary Psychology congtantly points out and rails against. Embracing extended

inheritance and aricher modd of the role of nongenetic resources in development makes



it possible to accept the traditiond view of the role of cognition and culture without
drawing asharp line between adaptation by natural selection and adaptation via cognition
and culture. The new mechanisms of adaptation can be 'tweaked' and biased in al sorts of
ways by adaptive evolution, asin, to choose the smplest example, the phenomenon of
‘prepared learning’ (Seligman and Hager, 1972). Evolution for flexibility can interact with
evolution for bias and for sronger forms of candization in many combinations, and
evolutionary explanations of cognitive traits can take equaly many forms.

45  Sdection, Order and Adaptation

Adaptations are the accumulated output of sdection, and sdection is the single
significant anti-entropic ordering force orchedrating functiond organic design.
(Tooby and Cosmides, 1992, p. 55, our emphasis)

Thus, chance and sdection, the two components of the evolutionary process, explain
different types of desgn properties in organisms, and al aspects of desgn must be
attributed to one of these two forces. Complex functional organization is the product

and signature of selection. (Tooby and Cosmides, 1992, p. 63, our emphasis)

These are typicd statements of the idea that order must either be explained by selection
or put down to mere chance. Random mutation and natural selection are the only possble
explanations of order. Sometimes, this seemsto be asort of definition. If atrait's function
isthe role for which it has been selected and an adaptation is an outcome of natura
sdection, thenitistrividly true that naturd selection isthe sole explanation of function

and adaptation in nature. But thisis an empty victory, since on these definitionsthereis
much order (negentropy) in nature that is not obvioudy ‘functiond’ or ‘adaptive. Narrow
Evolutionary Psychology tries to obscure this by redefining negentropy itsdf as

functiona design (1), but thisis profoundly unhelpful in understanding either negentropic

processesin generd or naturd selection in particular. In this section we argue that not



only do other negentropic forces exig, their existence is part of what makes possible
natura sdection and the further order that it produces.

The clam that nature is mainly entropic is acommon prejudice and ress on asmple
misinterpretation of the second law of thermodynamics. The growing science of
complexity and complex adaptive systems has taught us that only closed systems are
progressively chaotic (equilibrated), whilst open systems (induding dl living sysems)

are far-from-equilibrium and disspative. The main neg(ative) entropic force in natureis
self-organization, the exploitation of externa energy for the production of order. The
main mechanism is the production of energy gradients and the congtrained release of
energy: criticaly interacting components naturaly tend to sdf-organize, and many of

these sdlf-organizing systems are able to perform physica work by means of internd
constraints on the release of energy. Congraints are hyperstable structures sensitive to —
and hence containing information about - relevant displacements from equilibrium that

can be useful sources of energy from which work can be extracted (wind blowing or
water flowing in on direction, concentrated heat sources like the sun, food as high-energy
cluster of matter, etc.). They dlow the consgtrained or directed release of this energy into a
smal number of degrees of freedom for the production of order (for example further
congtraints). Hence constraints in general are anti-entropic forces in nature, and natura
seection — or externd condraint - isjust one of them.

Natural selection occurs whenever there are individuas with differentid fitness. The
causal processesinvolved here, obvioudy, are the systematic contributions of heritable
traits to the reproduction of individuals. So natural selection isthe overal outcome of a
range of causa processes taking place at the level of the organism and causing surviva
and reproduction. Sdlection itsdf - differentid surviva and reproduction - isa
widespread phenomenon not only in biology but aso in the physicd, chemicd or cultura
redms, but it rardly seemsto lead to the increasing adaptive complexity that is o striking
in the biologica redlm. So the question arises: what is S0 specia about organisms that
selection upon them results in adaptive evolution? First, they are open, dissipative
systems extracting order from the environment by means of salf-organization thet alows



them to maintain and a the same time adapt themsdvesto internd and externd
perturbation, and to reproduce themsalves. These digtinctive capacities are those that
severd recent authors have claimed as the defining properties of living systems
(Christensen and Hooker, in press, Kauffman, 1993; Hooker, 1995; Weber and Depew,
1996). From this perspective, sdf-organization is not an dternative force competing with
natural selection but the complementary force that crestes systems capable of achieving
adaptive complexity through evolution by natura selection. Sdlf-organization can act
locdly asaforcethat ressts sdlection - aninternd fitness function drives the sysem to a
particular attractor in its state space and holdsiit there in the face of mutation, thus
preventing a response to sdlective forces. But when we look at the process on alarger
scale, naturd sdection, by maximizing some externd fitness function, is acting to move a
population of systems in a population-level state space by choosing between individuds
gtting at different attractors. Selection requires dternative, stably slf-organized systems
to choose between on the basis of the resultant (phenotypic) properties. Applying externa
fitness criteriais certainly important in producing what we cal complex adaptation.
However, a that stage alot of necessary work on the way to a functioning organism has
aready been done by internd fitness criteria guiding the process of salf-organization.
Theseinternal organizationa processes are negentropic, not entropic, contrary to the

frequent assertions of Narrow Evolutionary Psychology:

Finaly, of course, entropic effects of many types act to introduce functiona disorder
into the design of organisms. They are recognizable by the lack of coordination thet
they produce within the architecture or between it and te environment, as well as by
the fact that they frequently vary between individuas. Classes of entropic processes
include mutation, evolutionary unprecedented  environmental  change,  individua
exposure to unusud circumgances, and developmentd accidents. (Tooby and
Cosmides, 1992, p. 63, our emphasis)

Applying this line of reasoning to classic examplesin developmental biology produces
quite bizarre results. On what possible account of ‘entropy' does perturbing Drosophilia
development to produce the bithorax phenotype, either by mutation or by developmenta



shock, increase the entropy in the sysem? A bithorax Drosophilais at least as highly
ordered as awild-type Drosophila. The answer, of course, is an account that mixes up
adaptive function and entropy in the phrase ‘functiond disorder’. But this redefinition is
profoundly unhelpful. Sdlection can sometimes favor increased disorder, asin the
evolution of vedtigid traits, and order can arise without sdection, as complexity theory
amply demonstrates. There are any numbers of sound theoretical reasons to keep the
concepts of order and functiond design distinguished and no reasons we can seeto run
them together like this.

The application to evolution of complexity theory with its focus on systems dynamics
and sdf-organization could shift our view from naurd sdection to a more inclusve
vison of 'naturd condruction’ by offering tools to integrate organizationa dynamics into
evolutionary theory. We can re-conceptudize naturd selection as a result of the
interaction of sygsem and environment, and adaptation as the mutuad interactive
construction of the organism and its environment. Evolution can then be understood as
change in the conditution and didribution of developmenta systems. The developmentd
gysdem is an organismenvironment complex that changes over both ontogenetic and
phylogenetic time. There is no need to aitribute so much power to an externd mover
(naturd selection) or to an independent interna force (genes and thelr mutations) that you
deprive the organism of dl its active control (Oyama, 1992; Stotz, 1999). This makes
possible the re-interpretation of organisms as the active source of the emergent properties
of life by means of interaction and congruction, and marks a shift from focusng on the
products of processes (like genotypes, traits, or gene frequencies) to the processes
themselves.

5. Conclusion: Naturalism and 'Design’

There is nothing wrong with focusng on the concept of function. The possesson of
function and functiona organization is indeed a paradigmetic property of living beings.
Function, however, treated as a serious theoretical concept rather than a rhetorica frill,



has remained the exclusve domain of biology, psychology and sociology and, of course,
the sudy of human atifacts This suggests that function is an emergent property in need
of explanation in terms of more basc organizationd principles. A mgor point of the last
section was that function in biology cannot smply be reduced to random mutation and
natura sdlection. It is the role of development to supplement those badsics to give an
adequate account of the origin of adaptive complexity. Development is needed because
the desgn andogy mischaracterizes evolution. Here lies the deep commondity in the
shortcomings of the explanatory drategies of evolutionary theory and traditiond
cognitive science, and therefore of the Narrow Evolutionary Psychology that brings these
two traditions together - they have bypassed development with its nonrandom and
contingent processes of organization. Evolution and devdlopment ae based on
nonrandom physica processes that are able to link matter, energy and information to
perform autocatalyss, reproduction, and physical work. Like evolution, development is a
contingent, higtorica processes in which one step sets the stage for the next without
going beyond tha to determine the eventud outcome. This outcome will be the result of

an interactive and constructive process of asysem initsreaion to its environment.

A properly epigenetic pergpective on evolution and cognition should not presuppose the
exigence of any property that should rather be the subject of explanation. This implies
the definiion of mind-like behavior without ultimate reference to interna representation,
and the definition of life without ultimate reference to tdeologicd function. There is
neither a naturd designer who predefined the function or meaning of behavior, nor a last
representationa homunculus at the very end of the process of reference. Life processes
ae to be explaned without reference to an ultimate, teleologica function, just as

intentiondity isto be explained as emerging out of non-intentional processes.
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Figure 3. Evolutionary reasoning from one Marrtian level of andysis to another. Adapted
from (Cosmides et a. 1992: 10) and (Tooby and Cosmides 1997 2).
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+
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Varidion = mutation, recombination Adaptation

Heredity = genetic transmisson

Fitness = propensity to survive and reproduce,
Naturd Sdlection = differentid surviva and reproduction
Adaptation = the outcome of natura selection

Figure 4. The received view of evolution by naturd selection



References

Ahouse, J. C. (1998). The tragedy of a priori sdectionism: Dennett and Gould on
adaptationism. Biology and Philosophy 13, 359-391.

Alexander, R. (1979). Dawinism and Human Affars. SeattleWashington University

Press.

Alexander, R. (1987). The Biology of Moral Sysems. New Y ork: De Gruyter.

Amundson, R. & Lauder, G.V. (1994). Function without purpose: The uses of causd role
function in evolutionary biology.” Biology and Philosophy, , 443-69.

Barkow, J. H. (1979). Human ethology: Empirica weslth, theoretica dearth. Behaviora
and Brain Sciences, 2, 27.

Berger, P. L. & Luckmann, T. (1967). The Socid Congruction of Redity: A Treatisein
the Sociology of Knowledge. Garden City, N. Y:Anchor Book.

Brandon, R. (1990). Adaptation and Environment. Princeton, N.J.: Princeton Universty
Press.

Brandon, R. N. (1999). The units of selection revisited: The modules of selection.”
Biology and Philosophy, 14, 167-180.

Buss, D. M. (2000). The Dangerous Passion: Why Jedousy is as Essentia as Love and
Sex. New Y ork:Simon and Schugter.

Cdlebaut, W. & Stotz, K. (1998). Lean evolutionary epistemology. Evolution and
Cognition, 4, 11-36.



Christensen, W. D. & Hooker, C.A. (in press). The ascent of endogenous control:
Autonomy-theoretic foundations for biologica organization and evolutionary
epistemology. In W. Cdlebaut and K. Stotz (Eds). Bringing Life to Mind.
Cambridge, MA:MIT.

Cosmides, L. & Tooby, J. (1987). From evolution to behaviour: Evolutionary psychology
asthe missng link. In J. Dupre (Ed). The Latest on the Best: Essayson
Optimality and Evolution Cambdrige, MA: MIT Press 277-307.

Cosmides, L., Tooby, & Barkow, JH. (1992). Introduction: Evolutionary psychology and
conceptud integration. In JH. Barkow, L. Cosmides, and J. Tooby (Eds). The
Adapted Mind: Evolutionary Psychology and the Generation of Culture. (pp. 3-
15). New York: Oxford University Press

Dawkins, R. (1976). The Sdfish Gene. Oxford: Oxford University Press.

Finlay, B., Darlington, R. B., Nicastro, N. (2001). Developmental Structurein Brain
Evolution. Preprint. Behaviord and Brain Sciences 24 (3).

Fodor, J. A. (1983). The Modularity of Mind: An Essay in Faculty Psychology.
Cambridge, MA: Bradford Books/MIT Press.

Griffiths, P. E. (1990). Modularity & the psychoevolutionary theory of emotion. .
Biology & Philosophy 5, 175-196.

Griffiths, P. E. (1993). Functiond analysis & proper function. British Journd for
Philosophy of Science 44, 409-422.

Griffiths, P. E. (1997). What Emations Redlly Are: The Problem of Psychologica
Categories. Chicago: University of Chicago Press.




Griffiths, P. E. (1999). Squaring the circle: Natura kinds with historical essences. InR.A.
Wilson (Ed.). Species. New Interdisciplinary Essays. (pp. 208-228.) Cambridge,
M.A:MIT Press.

Griffiths, P. E. (In Press 2001). Molecular and developmental biology. In P. Machamer
and M. Silverstein (Eds.). Blackwel's Guide to the Philosophy of Science.
Oxford:Blackwdll.

Griffiths, P. E. & Gray, R.D. (2001). Darwinism and developmenta systems. In S.
Oyama, P.E. Griffiths, and R.D. Gray (Eds.). Cycles of Contingency:
Developmental Systems and Evolution. (pp. 195-218) Cambridge, MA: MIT
Press.

Hall, B. K., Ed. (1994). Homology: The Hierarchical Bas's of Comparative Biology,
Academic Press.

Hamburger, V. (1980). Embryology and the modern synthesisin evolutionary theory. In
E. Mayr and W.B. Provine (Eds.)). The Evolutionary Synthesis. Perspectives on
the Unification of Biology; with a New Preface by Ernst Mayr. (pp. 97-112).
Cambridge, MA:Harvard University Press.

Hendriks-Jansen, H. (1996). Catching Oursdvesin the Act: Situated Activity, Interactive
Emergence, Evolution and Human Thought. Cambridge, MA: MIT Press.

Hooker, C. A. (1995). Reason, Regulaion and Redism: Towards a Regulatory Systems
Theory of Reason and Evolutionary Epigemology. Albany, NY :State University
of New York Press.

Hull, D. (1984). Higtoricd entities & higtorical narratives. In C. Hoowkay, (Ed.). Minds,
Machines & Evolution (pp. 17-42), Cambridge:Cambridge University Press.




Hull, D. (1987). Genedlogicd actorsin ecologica roles. Biology & Philosophy 2, 168-
184.

Jablonka, E. & Lamb, M.J.(1995). Epigenetic Inheritance and Evolution: The Lamarkian

Dimengon Oxford:Oxford Univerdty Press.

Kauffman, S. A. (1993). The Origins of Order: Sdf-Organisation and Sdectionin

Evolution New Y ork:Oxford University Press.

Kauffman, S. A. (2000). Invedigations. Oxford:Oxford University Press.

Knight, R. D., Fredland, S.J., and Landweber, L. F. (1999). Sdlection, history and
chemigry: The three faces of the genetic code. Trends in Biochemica Sciences,
24, 241-247.

Lauder, G. V., Armand, M.L., and Rose, M. R. (1993). Adaptations and history. TREE
8,294-297.

Lewontin, R. C. (1978). Adaption. Scentific American, 239,212-230.

Lorenz, K. (1966). Evolution of rituaisation in the biologica and cultura
spheres.Philosophica Transactions of the Royd Society of London, 251, 273-
284.

Marr, D. (1982). Vison New Y ork:W.H. Freeman.

Mudler, G. B. &Wagner, G.P. (1996). Homology, Hox genes and developmenta
integration. American Zoologist 36,4-13.




Odling-Smee, F. J. (1996). Niche-congruction, genetic evolution and cultural change.
Behaviourd Processes 35,196-205.

O'Hara, R. J. (1988). Homage to Clio, or towards an historical philosophy for
evolutionary biology. Systematic Zoology, 37, 142-155.

Padumbi, S. R. (1997). A star is born. Nature,390(11th December), 556-557.

Raff, R. (1996). The Shape of Life: Genes, Devel opment and the Evolution of Animal
Form. Chicago:University of Chicago Press.

Sdigman, M. E. P. & Hager, JL. Eds. (1972). Biologicd Boundaries of Learning. New
Y ork:Appleton, Century, Crofts.

Serdny, K. &P. E. Griffiths (1999). Sex and Death: An Introduction to the Philosophy of
Biology. Chicago:University of Chicago Press.

Stotz, K. (1996). The psychology of knowledge in the context of evolutionary theory:
Reflections on the link between cognition and sociability. Evolution and

Cognition, 2, 22-37.

Stotz, K. (1999). Interaction and Congtruction: Organizationd Condraintsin Evolution
and Cognition Ph.D. Thesis. University of Ghent, Belgium.

Strohman, R. C. (1997). The coming Kuhnian revolution in biology.Nature
Biotechnology 15, 194-200.

Tinbergen, N. (1963). On the aims and methods of ethology. Zietschrift fir
Tierpsychologie, 20, 410-433.




Tooby, J. & Cosmides, L. (1992). The psychologica foundations of culture. In J. H.
Barkow, L. Cosmides and J. Tooby. (Eds.). The Adapted Mind: Evolutionary
Psychology and the Generation of Culture. (pp. 19-136) Oxford : Oxford

University Press.

Tooby, J. & Cosmides, L. (1997). Evolutionary Psychology: A Primer. [Ontling]
Available: http:/mww.psych.ucsh.edu/research/cep/primer.hitml.

Tooby, J. & Cosmides, L. (1998). Evolutionizing the cognitive sciences: A reply to
Shapiro and Epstein. Mind and Language, 13, 195-204.

Wagner, G. P. (1994). Homology and the mechanisms of development. In B.K. Hall
(Ed.). Homology: The Hierarchicd Basis of Comparative Biology. (pp. 273-299).
New Y ork:Academic Press.

Wagner, G. P. (1995). The biologicd role of homologues: A building block hypothesis.
Neues Jahrbuch der Geologischen und Paldontol ogischen Abhandlungen, 195,
279-288.

Weber, B. H. &Depew, D.W. (1996). Natura selection and self-organisation. Biology
and Philosophy, 11, 33-65.




