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1. Introduction

In this thesis | will be arguing that species arvebé best understood in terms of the cohesion
concept of species, as expounded by Wiley, Brooks @ollier! Species are held together by
forces, or mechanisms, that maintain their distiess from other species. Species under this
view are individuals (as opposed to classes oectiins), and are dynamical systems which are
best delineated according to the principles whiodividuate all dynamical systems (i.e.
cohesion). The reason why such a theory is negessabecause of the lack of a single,
sufficient account of species in modern biology. Miyial claim is that biology is plagued today
by numerous, similar, yet often conflicting coneemf species, resulting in problems for
biologists trying to work towards a singular phyogtic tree for the living world, which the
theory of evolution by natural selection predi@sme examples of this are the trap door spider
of Southern California, or thAptostichus atomarius species complex. In a paper by Bond &
Stockman (2008) entitledn Integrative Method for Delimiting Cohesion Species: Finding the
Population-Soecies Interface in a Group of Californian Trapdoor Spiders with Extreme Genetic
Divergence and Geographic Structuring, this specific species complex is shown to havegalii
variable number of actual species, depending ortlwhpecies complex is employed, as they

state:

Highly structured, genetically divergent, yet masfggically homogenous species

(e.g., nonvagile cryptic species), although ofggmored or overlooked, provide one

'Templeton (1992) also has a cohesion concept @iesgeout it is much more nominal than the
view | defend and lacks the unifying character leé tlynamical approach used in this thesis
because it posits only a collection of mechanisnthout a general account of how they are
related or interact with each other.



of the greatest challenges to delimiting species.,(8ond et al. 2001; Hedin and
Wood 2002; Sinclair et al. 2004; Boyer et al. 200Fppulations, or very small
groups of populations, constitute divergent genktieages but present somewhat
of a contradiction because they lack the “requigitearacteristics often used when
delimiting species. Morphological approaches tocgsedelimitation in many of
these groups grossly oversimplify and underestindatersity (Bond et al. 2001,
Bickford et al. 2006); in short, these traditioradplications fail if our interests
extend beyond what can simply be diagnosed with iauaV and/or
anthropomorphic-based assessment. When genetdiaklygent, morphologically
equivalent lineages exhibit microallopatric populat structuring, lineage-based
approaches to delineating species are further coafed; virtually all population
groups are independent lineages and, thus, quaifspecies (Agapow et al. 2004;

Hickerson et al. 2006), likely yielding speciousuks.

These sorts of problems are common in biology, r@sdlt in the sort of confusion displayed
above. The debate over which species concept igmib&t suitable is one which rages on.
Various theorists have weighed in on the debatethal way from Aristotle to more modern
thinkers like Ernst Mayr and Alan Templeton. Aritoposited an essentialist and typological
species concept, in which species were definedrditgpto specific properties which gave them
their being. More modern thinkers dismiss this tggecal thinking, acknowledging that species
are better treated as individuals instead of clasmed posit certain specific forces by which we
are to define them; for instance, Ernst Mayr’s Bgital species concept, which treats species as

actual or potentially interbreeding populations @fjanisms. Other species concept favour



ecological factors, mate recognition, competitiamd others as being the primary defining

aspects of species.

It is my contention in this thesis that these speaoncepts all fail for more or less the same
reason, and that a better way of defining specietse My argument is that most modern species
concepts are reductionist (or operationalist) itureg and that they fail because they ignore the
various developments made in the actual sciencavalutionary biology. This phenomenon, |

claim, is largely unknown to most theorists, anduss due to residual and tacit assumptions
creeping in from outdated species concepts, amaviaf empiricist tendencies. | base my critique

on a doctrine of naturalized metaphysics which résgkat most modern metaphysics has been

led astray by a tendency to ignore actual sciesé state in a 2011 paper:

It is Ladyman et al's claim that modern metaphysias become woefully isolated
from actual science. Metaphysicians are left arguixer issues long resolved by
actual science. For instance, Ladyman et al dra@ni@dn to the debate amongst
over the nature of matter, specifically the natofenatter as either ‘gunk’ (in the

sense of an infinitely divisible substance) or ad@toms being partless particles).
This debate, according to Ladyman et al, ‘is esakyntbeing conducted in the

same terms as it was by the pre-Socratic philoggpimong whom the atomists
were represented by Democritus and the gunkistsnayagoras...It is preposterous
that in spite of the developments in the scientificlerstanding of matter that have

occurred since then, contemporary metaphysiciatteeht continue to suppose that



the dichotomy between atoms and gunk remains nelevand that it can be

addressed a priori.’ (2007 20). (Grant 2011).

While many species concepts today posit some mexhés) relevant to evolutionary theory,
the tendency is to restrict the definition to signphe or a few, ignoring a host of others, and in
so doing limiting the organisms and populationschinay be considered species. | argue that
this is because of residual, tacit assumptions deér from empiricism and other habits of

science which try to find hard and fast rules tbreeconcepts.

My contention is that the metaphysics concerningcegs needs to be treated in a naturalistic
fashion, namely by acknowledging and using our lmestent, actual, science on the topic.
Modern evolutionary biology posits a number of naubms responsible for evolution and
change in species, from natural selection and geweift, to ecological and developmental
factors. All of these (and perhaps others yet unkrnoneed to be taken into account when

dealing with the individuation of species.

| claim that essentialism about species is not r@irety inaccurate way of approaching the
problem, and that our best concept should be agngakst one, albeit a very specific kind of
essentialist. | argue for the use of Locke’s regleace as a good way of understanding species.
According to Locke, a real essence of a thing & uhderlying causal structure which gives a
thing its being. My argument is that a good speaescept needs to be true to the causal

elements which give species their being, and fortimese things are evolutionary mechanisms



taken as a whole. Other modern species conceptddenke only one or a few mechanisms and
treat them as wholly defining of species. This M@ unintended consequence of reducing
species individuation to these mechanisms in amatipealist fashion. At the heart of this is the
issue of pattern and process in science and titgirfond a bridge between the two. Theory is a
necessary part of bridging this gap if we want voi@ certain pitfalls such as extreme micro

reduction, as | will show.

| begin this thesis by describing a history of sgeeconcepts in order to illustrate the problem
and shed light on how it is that we got to wherease now. From there | go on to expound the
doctrine of naturalized metaphysics and show how ielevant to the species problem, and
argue for why it is the best way of approachingl ivill then go into some detail about the
specifics of the metaphysics, such as the problérmoperationalism, and how Locke’s real
essences are an appropriate way of approachingriftdem. | argue that species are best
understood as dynamical systems, which are syswonsrned by forces and flows, and
therefore the best way to individuate speciesassdime way in which all dynamical systems are

individuated, namely through cohesion.

| also go on to show how, using Kuhnian theorieshef structure of scientific theories and the
nature of paradigms, it is possible that tacit ag#ions in science can be passed on from one
paradigm to the next. The term ‘species’ itseltiegrwith it many of the assumptions present in
earlier paradigms such as Aristotle’s, and soihcldat it is because of this that a large amount

of confusion regarding species concepts has corbe.to



2. History

Most of the current literature on the species mobdivides its history into roughly three major
epochs. The first epoch is the epoch of Aristotid assentialism. The second is that of Darwin,
and the impact the theory of evolution by natugdéstion had on our understanding of species.
The third epoch is the one we are in now, whica kéind of pluralist epoch that | will say began
around the middle of the ?Cbentury with Michael Ghiselin’s (1974) and Davidils (1978)
independent ‘discoveries’ that species aren't, ant,f classes, but rather individuals, in an
ontological sense; that is, species are spatialti/tamporally located particulars with a history.
Whilst there is a large degree of consensus sudingrthe notion of species as individuals, there
IS a quite spectacular multitude of concepts alo@ihature of those individuals. For instance,
are they individuals composed of organisms thaticsatbreed (Mayr & Provine 1981)? Or are
they individuals composed of organisms that recogmiach other and can thus mate (Paterson
1980)? Or, are they something entirely differenti’sTs the central question | will be attempting
to answer in this thesis. In order to do this, hesveit will be useful to examine how it was that
we got to where we are now in terms of our undaditay of the term ‘species’. What we are
dealing with, loosely, is a series of Kuhnian stifenrevolutions within the realm of biology
through which the term ‘species’ has survived, Which has changed its meaning somewhat. |
feel it is largely the unjustified retention of preus understandings of ‘species’ that has
contributed to much of the confusion and conflegarding species concepts that we see today.
This question | will deal with as this thesis unfl For now | would like to take a look at the
history of the concept of species beginning withstatle and making my way through to

contemporary times.



Most historians of the species problem begin theoount with Aristotle. He is believed to be
the quintessential essentialist, and it is his eph®f species as organisms bound to classes
based on certain essential properties that is takd&e the first. Species, according to Aristotle,
were ‘eternal, immutable and discrete’ (Hull 1982), much like the basic components that
made up the natural world. All species had a sehaxfessary and sufficient morphological
properties which facilitated the classificationimdividual organisms into them (Hull 1988). This
view has, in recent years, come under scrutiny.eésscholars are taking a revisionary approach
to Aristotle’s work and claiming that, in fact, Atotle was not committed to essentialism about

species as we understand it today (Richards 2010).

| am no scholar of Aristotle, and thus do not takethe challenge of making truth claims about
whether or not he was, in fact, an essentialist.aity in this chapter is somewhat more modest,
that is, to give as complete an account as possiblbe various strands of thought that led
thinkers in various ages to conjure up this ordther species concept. Thus, this chapter will be
somewhat more like dramatis personae of the various conceptual characters in the hystdr
the problem. A more ambitious task, as mentionethénintroduction to this chapter, will be to
look at and discuss the various contexts in whiehtérm ‘species’ exists/existed and to see how
the retention of residual meanings has resulteccanfusion. This will give us a better
understanding not only of how our current specascepts are mistaken, and in which ways

they can be remedied, but also in which ways theycarrect but incomplete.



As stated above, the essentialism of Aristotle lasecent time, come under the scrutiny of
historians of biology. It is their claim that Amdte didn’t hold the essentialist view of species
that we suppose he did, a claim that is termedct@onical view’ of the history of essentialism
by Wilson et al (2009), according to which speaencepts were essentialist post-Aristotle and
non-essentialist post-Darwin. Darwin’s theory obkexNion by natural selection is supposed to
have shifted our understanding of species to snaxgent that any notion of them as immutable
could no longer stand (Wilson 2009). Again, whettrenot this is true falls not within the scope
of this chapter. My aim is to give an account @& Harious theoretical frameworks within which
the term ‘species’ has functioned throughout hyststarting with essentialism. | mentioned
briefly above what essentialism about species ledtaHere | will quote Ernst Mayr for a more

detailed description:

... [tlhere are a limited number of fixed, unchaage "ideas" underlying the

observed variability [in nature], with the eidoslga) being the only thing that is
fixed and real, while the observed variability mmsmore reality than the shadows
of an object on a cave wall . . For the typolodgist type (eidos) is real and the

variation an illusion. (Mayr 1959).

And here, Ereshefsky:

Kind essentialism has a number of tenets. One ten¢hat all and only the



members of a kind have a common essence. A seeastlis that the essence of a
kind is responsible for the traits typically asstoed with the members of that kind.
For example, gold's atomic structure is respondineold’'s disposition to melt at
certain temperatures. Third, knowing a kind's essdrelps us explain and predict
those properties typically associated with a kiideshefsky 2007a in Wilson et al

2009)

So, essentialism, in general, posits the notiohititaviduals of all kinds (living and non-living)
have a specific property, or set of properties,clwldefines them in some way. This property, or
set of properties, constitutes an individual’s Hzgi These properties, or essences, define kinds,
which are classes into which individuals are plalsased on their possession of this or the other
property. Sober (1980) suggests a number of camditihat essentialism requires of its defining
properties: They must be explanatory in some waythe essential property must explain why a
particular organism is the way it is. Sober clatimst, otherwise, the conditions for essentialism
can be met trivially (1980). For instance, the agbad that all and only the members of a species
must contain a certain property can be met by girigling a set of spatiotemporal locations of
the organisms involved. This is guaranteed by #ot fhat there is, more than likely, a finite
number of members of a species (1980). Of courbat @ssentialists are really looking for is a
diagnostic property; a property that determinesttreany possible organism is a member of a
certain species (1980). It cannot be the casetliea¢ exists a member, say, of Homo Sapiens
that does not have the defining characteristic vinn@akes it so. Thus it is a necessary truth that
members of a species have this defining charatterihis, Sober claims, is equally satisfiable

by giving the logical truism that all members ofrhl@ Sapiens are members of Homo Sapiens.



Of course the truth of logical claims does not watk the truth of essentialism (1980). It is thus
why Sober claims that essentialists require anaggibry aspect to defining characteristics.
Sober also stresses that a species needs to bediaifiterms of therganisms which compose

it. This he calls a ‘constituent definition’ whendoles are defined in terms of their parts. More
generally, it states that entities at some levebrglanisation must be defined in terms of some

lower level of organisation (1980)

We thus have a suitable account of what essemiabkssupposed to be: As well as being a
general doctrine applying to both living and nonrdg entities according to which their ‘being’
is determined by the possession of a specific ptppm set of properties, essentialism also
requires that defining properties be explanatotyislalsonecessary that any entity with a

defining characteristic be part of the group whghefined by that characteristic.

This brand of essentialism in biology is said teéneeigned from antiquity to roughly the period

that Darwin first posited that species change,vohe, via a process of natural selection (Sober
1980; Hull 1988; Richards 2010.). It was this disny of change which supposedly challenged
the doctrine and forced its usurpation from primasgge. Sober (1980) challenges this objection
to essentialism by drawing our attention to a nundbéacts about it. Firstly, essentialists are not
necessarily committed to species stasis. It wasligte gommonly held belief that organisms

could change their species, in much the same watyelements in the periodic table transmute
from one into the other. This was an attributehaf drganisms composing a kind, not of the kind

itself. Kinds are fixed, whereas organisms haveahiéty to change their kinds, as Hull (1988

10



82) notes: ‘To be sure, an organism might chargepecies, just as a sample of lead might be
transmuted into a sample of gold, but the spebiesselves remain unchanged in the process’.
Another common objection to the essentialist conadpspecies concerns their perceived
continuity. It is claimed that if species are tothe kinds they must be discrete. Even Aristotle,

however, did not fully maintain this notion, as $o£1980) quotes:

... hature proceeds little by little from inanimaiténgs to living creatures, in such a
way that we are unable, in the continuous sequendetermine the boundary line
between them or to say which side an intermediae falls. Next, after inanimate

things come the plants: and among the plants taeredifferences between one
kind and another in the extent to which they seemhare in life, and the whole
genus of plants appears to be alive when compardother objects, but seems
lifeless when compared with animals. The transifrem them to the animals is a
continuous one, as remarked before. For with samaslof things found in the sea
one would be at a loss to tell whether they arenats or plants. (FrorRlistory of

Animalsin Sober 1980).

Hull (1988) notes the same thing:

[Aristotle] did not think the boundaries in conocagit space between species are

perfectly discrete; they are usually a matter loé ‘more or the less’.

11



So, essentialism does not require that organismsire static, or that they should be strictly
delineable. Sober (1980) points out that even gesavhere essentialism is vindicated, such as
chemistry, strict delimitation is merely an ideadgueness appears everywhere. So, then, in what
ways does essentialism fail to be a suitable ogtofor species? Sober attributes this to a failure
to give an adequate account of variability withipesies. It was long supposed that any
variability was a consequence of some sort of dewidrom a natural norm, brought about by
certain irregularities (Sober 1980). Morphologidéferences between organisms in a species
could be discounted so long as it was the casethlea¢ existed some underlying structure, or
essence (Sober 1980). The epistemic difficulty méarthing this essence is no strong reason to
discount its reality; Aristotle, for instance, padstted a Natural State Model which stated that all
individuals tend towards a Natural State, whictisgupted by outside forces (Sober 1980). Thus
for Aristotle, most of nature was characterized‘immpnsters’ who didn’t match their Natural
state (for Aristotle this meant offspring being ntleal in every way to their paternal parent.
Females, he thought, were deviation from the Natbrate, albeit necessary deviations) (Sober

1980).

As time wore on, it became apparent that variatieitisin species were less a deviation from the
norm than the norm itself. Sober (1980) affordswsseful history of this process with reference
to the development of error theory. As this fieleveloped, and as our understanding of how
variation occurred, it became increasingly difftcid sustain the notion that variations amongst
organisms were the result of deviation from a ndrmill not go into detail on this development,

but instead simply give a brief account of soméefmain points.
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Early error theory was a theoapout errors, and was first developed in the lat® 28d early
19" centuries (Sober 1980). What it sought to do wad & way of interpreting ‘discordant
observations’ (Sober 1980). The underlying assuwmpiias that in nature there is one true value
and, in the same way that Aristotle understoodhtgrfering forces result in divergent results:
‘The problem for the theory of errors was to pesetrthe veil of variability and to discover
behind it the single value which was the constanise of the multiplicity of different readings.’
(Sober 1980). Notice that the theory in this foratian is an epistemological account, not an
ontological one; it was a theory about why observations about nature differ, not about why
nature itself differs (Sober 1980). The theory wa®n an ontological slant in the 1830’s by the
Belgian statistician Adolphe Quetelet (Sober 198®.drew on a distinction made by Laplace
regarding physical forces, between ‘constant caused ‘disturbing causes’ (Sober 1980).
Quetelet applied this distinction to man and depetbthe notion of thaverage man. Average
man was, to him, the proper subject of the soct@nees (Sober 1980). What this man
amounted to was the peak of a bell curve. This gghof man is still one in which there is a
primary, or constant, being, which is acted uporatgidental or disturbing forces, which results
in their being variations and idiosyncrasies. Ad@&oexpresses it, ‘For Quetelet, variability
within a populationis caused by deviation from type’ (Sober 1980). Such variabilis
something which, for Quetelet, needs to be exptheeay. It is not something pertinent to the
entity itself, but rather a barrier to an underdtag of the entity. The final move away from the
notion of variability as deviation from type wassiigated by Frances Galton, a cousin of
Darwin’s, who developed a new way of accounting Variability: heredity (Sober 1980).
Although his ideas about heredity are, in retrogp@ather primitive, they are nonetheless pivotal

in the move away from a typological view of speci€sr Galton ‘variability is not to be

13



explained away as the result of interference wigingle prototype. Rather, variability within
one generation is explained by appeal to varighititthe previous generation and to facts about
the transmission of variability’ (Sober 1980). kel of seeing variability as some unfortunate
by-product of interfering forces, which functionlely to cloud a clear view of an essence or
type, it became something which is an important pérnature itself; something real, and

causally efficacious (Sober 1980).

This move away from typological thinking resultedthe move towards ‘population thinking’,

as Sober terms it. This mode is characterizeddatitrg the population ‘as a unit of organization.
The population is an entity, subject to its owncés, and obeying its own laws’ (Sober 1980;
370). This move negated the need for constituefmitden, something which essentialism relies

on. As Sober writes,

Essentialism requires that species concepts benkezed by constituent definition,
but evolutionary theory, in its articulation of pdation models, makes such
demands unnecessary. Explanations can proceed uwittios reductionistic

requirement being met (Sober 1980; 372).

For essentialism, a species or population mustdfmet! in terms of organization at a lower
level, i.e. the organism. For population thinkisgecies and populations can be defined in terms

of their own distinct organisation. This is one wiay which evolutionary theory began to

14



undermine essentialist thinking (Sober 1980). p®logist, or essentialist, sees the individual
as real (with ‘real’ being equated with ‘causalffiGacious’), whereas the populationist ignores
individuals and views as real the organisatiorhefpopulation as a whole. Each is attempting to
explain diversity and invariance within populationBypologists explain away diversity by
seeking invariant properties amongst individuatspiRationists find invariance in a specific rate

of divergence (amongst other things) which g @perty of populations (Sober 1980).

Perhaps the most significant ontological developgmegarding species came with their recent
designation as individuals. Although populatiomstions of species had been around for some
time, the move towards treating species as indalglwas only made explicit, by both Ghiselin
(1974) and Hull (1978) independently, in the midtbelate 28' century. Treating species as
individuals makes sense from both a biologicalwe$l as a logical perspective (Ghiselin 1974;
536). The basic point that Ghiselin wants to mak#hat ‘multiplicity does not suffice to render
an object a mere class’ (1974; 536). So, for irgan human being, or a nation state, is made up
of various parts, but still maintain their statgsaasingle, cohesive entity. David Hull’s argument
for treating species as individuals centres mooairzgt investigating the current ways in which
biologists talk about species, and concluding thedting them as individuals makes the most
sense. The basic tenets of each view are thatespace historical entities, who, despite their
multiplicity, in both spatiotemporality and morpbgl, remain single, individual units of
organisation. Thus understood, individuals are isganhporally restricted entities, which are

contrasted with classes as spatiotemporally uncesdrentities.
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Treating species as individuals places constraintthe types of species concepts which can be
accepted. So, any concept which makes it posdilmenstance, for the same species to arise in

separate spatiotemporal localities, must be digdiss

The move away from typological, or essentialisinking, and the adoption of populationist or
individualist notions of species, has left us nahvany single, cohesive species concept. Instead
we see, more than ever, a smorgasbord of compatidgontradictory ones. So we have Mayr’s
Biological Species concept (Mayr 1992), probablky thost widely known and utilized species
concept, which privileges gene flow and interbragdiver other properties of populations. Here
species are defined as ‘groups of actually or p@tdyinterbreeding natural populations which
are reproductively isolated from other such grouiddayr 1963; Mayr 1992). We also have
Ghiselin’s Reproductive Competition concept (1974) twist on the Biological concept which
treats competition as the main factor; as wellhesRecognition species concepts (Paterson &
McEvey 1993), and Van Valen’s Ecological specieacept (1976), to name but a few. The
guestion has now largely moved away from speciesther classes or individuals and towards
the question ‘individual whats’ (Ghiselin, 1974 53This vast array of species concepts has
convinced soméMishler & Brandon 1987; Ereshefsky 1998) pluralism, and in some cases the
non-reality of specietEreshefsky 1998)l will deal here with some common pluralistic agnts

of species, and certain cases where this plurdiesried to species anti-realism.

Pluralistic accounts of species, generally, talewew that there is more than one appropriate
definition of species (Ereshefsky 1998; Mishler &Bdon 1987). Contrary to this view is

monism, which posits the existence of a single ayaite species concept; for instance, either

16



Mayr’s Biological conceptor Van Valen’s Ecological concept. According to Erefshy (1998),
there exist at least five different brands of plisra. These concepts have arisen, he claims, not
solely because biologists have offered up so mafigrent ones, but instead because of the
suggestion that more than one of them could be(Eveshefsky 1998). He uses the example of
the Phylogenetic species concept and the Biologipaties concept. Each of these concepts
divides the natural world up differently. For insta, there are many populations which qualify
as Phylogenetic species (namely, they contain ¢éiseahdants of an ancestral species) but which
do not qualify as Biological, or interbreeding spsc(an example of such a case is asexual
species, which cannot, obviously, qualify as Biotay species, but which can operate as
Phylogenetic species). Thus, as Ereshefsky poirttsegolution segments the natural world into
a number of differenkinds of species, depending on the evolutionary forca ghoose to
acknowledge (Ereshefsky 1998; Mishler & Brandon7)9®Iluralists disagree, however, about a
number of the details of this claim. For instandéshler and Brandon (1987) believe that these
different forces act on different branches of tlee tof life. Thus there is no overlap of organisms
belonging to two different species (Ereshefsky 199%5). On this view there is but one correct
classification of the natural world. Others, such Ereshefsky (1998) himself, believe that
organisms can belong to numerous species at the sam, for instance, to a Phylogenetic
species, or a Biological one. Other pluralists hsas Kitcher (1984) and Dupre (1993), espouse
the more radical view that species can be madefugualitatively defined sets’ (Ereshefsky
1998; 107). This view, according to Ereshefskytois radical, and has the dire consequence of
placing species outside of the domain of evolutigi@ology (1998; 107); once the genealogical
connections within species are severed ‘one caséy @ahe primary mode of explanation in

evolutionary biology’ (Ereshefsky 1998; 107).
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Associated with pluralism is a debate concernirggréality of species. Not all species pluralists
are necessarily anti-realists. Kitcher (1984) anghf@ (1993), for instance, take a realist stance,
arguing for the equally real classifications of therld afforded by the various species concepts.
Even the Cohesion concept itself, which | arguebkelow, is a specific kind of realist pluralism.

Others such as Stanford (1995) insist that speatiggalism should cause us to be anti-realists.
This is for largely epistemological reasons: wenmnhave knowledge about which species
concept is the correct one; therefore we must neragnostic, choosing concepts largely on
instrumental grounds (Ereshefsky 1998; 104; Stani®95). Ereshefsky posits another form of
anti-realism, which is not concerned with the tgalbf individual species, understood in

whichever manner, but rather with the existenc¢hefspecies category (1998). He argues for
this by claiming that there is nothing in commortvieen different species classified according
to different concepts. This, he claims, suggests tiere are differertypes of species, or base

taxa, negating the notion of a unified speciesgmate(Ereshefsky 1998).

Of course, there have been numerous objectionpdoies pluralism, most obviously coming
from those who posit specific species conceptssfiatsky 1998; Mishler & Brandon 1987;
Paterson 1980; Ghiselin 1974; Wiley 1981; Mayr )9@he primary difficulty with pluralism is
the problem of selecting appropriate concepts fipr@priate reasons. Most monists feel that
pluralism leads to an arbitrary designation of sgggeconcepts (Paterson 1980; Ghiselin 1974,
Mayr 1992). One pluralist Stanford (1995) has adgthat the acceptance of concepts depends
on their explanatory tractability: ‘Species coneefstat allow the construction of explanatorily
useful classifications should be accepted, providedy are not ‘redundant, boring or

wrongheaded’ (Stanford 1995; 80). Of course, theepiance of monism makes demands which
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cannot be accepted by pluralists: for instance gttedusion of asexually reproducing organisms

as species in the Biological species concept (MagR).

There is yet a third way of dealing with the spsgeoblem, which tries to incorporate and unite
all, or most, of the seemingly disparate speciexepts. This is termed the Cohesion concept of
species. There is, however, more than one Cohesianept. The term was first coined by
Brooks and Wiley (1986), and is implicit in Wiley981) with its discussion of vertical and
horizontal cohesion within species, but was lagopéed by Alan Templeton (1989) and his
followers. Templeton’s version is today widely rgoed ashe Cohesion concept. Cohesion
thinkers are simultaneously monistic and pluraisiihey are monists in the sense that there is a
single, broadly defined property which defines sggcnamely cohesion. They are pluralists in
that this property is determined of a number okotproperties, notably those that make up the
various other species concepts. Templeton deflmesdncept as follows: “The cohesion concept
species is the most inclusive population of indinald having the potential for phenotypic
cohesion through intrinsic cohesion mechanisms89)9The mechanisms here include those
forces which, singularly, make up the species cptscereviously mentioned. They function
together in the Cohesion concept to maintain aispecohesion (Templeton, 1989). So, on this
account, there is a balancing of the various ewalary forces, such as gene flow, natural
selection, genetic drift, as well as ecological @am¥ironmental factors, whose net effect is a
cohesive, organized species. To understand the sioheoncept better, we should mention

something about cohesion in general, as it is agghroughout the sciences.
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3. Cohesion

Cohesion is used as the individuating factor, entdy relation, in dynamical systems, i.e. those
systems governed by forces and flows (Collier 1@88lier 2010; Wiley 1981). Collier offers us

this useful definition:

Cohesion refers to the cause of the dynamical Igtebithat are necessary for the
continued existence of a system or system compaeeat distinct entity... These
stabilities arise from the constraints which dyneahinteractions within a system
impose on the dynamics of its components. Sindalgyain even relatively simple
case resists penetration by traditional methods &gy text on non-linear systems
for examples), we should not assume that an accofintohesion requires
mechanism, decomposability, or reductionistic dasgbility. The basic form of
cohesion is a dynamical property of a system thamnsensitive to local variations
in the system components (e.g. thermal fluctuationisrations or collisions),
including those (non-linear) interactions that fednt, and to external influences

(Collier 2003).

Cohesion also has a number of important propestieésh, again, Collier affords us:

B1: The first basic property of cohesion is thatdmes in degrees. This is a direct
consequence of its being grounded in forces angsflavhich come in varying
kinds, dimensions and strengths. Cohesion, therst miso accommodate kinds,

dimensions and strengths. Secondly, and followingfr@m the first property
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together with the individuating role of cohesion?2:BCohesion must involve a
balance of the intensities of centrifugal and dpetal forces and flows that favors
the inward, or centripetdlast, this balance cannot be absolute, but muskeky
over the boundaries of the cohesive entity. Justhe® are intensities of forces and
flows that must be balanced, there are, due tduaions, propensities of forces
and flows that show some statistical distribution Space and time (or other
relevant dynamical dimensions). B3: Cohesion mustolve a balance of
propensities of centrifugal and centripetal foreesl flows that favors the inward,
or centripetal. Note that the asymmetry of the hads in B1 and B2 implies a
distinction between inner and outer, consistenthwiie role of cohesion in
individuating something from its surroundings. Téerived aspects of cohesion
now follow from the basic properties as they applgpecific systems with many
properties. From B1, only some properties are eglevo cohesion. Thus, Al: In
general, a dynamical system will display a mix ahesive and non-cohesive
properties. Next, from B2 and B3, A2 Cohesion tiemot just the presence of
interaction. Whence, A3 a property is cohesive avitere there is appropriate and
sufficient restorative interaction to stabilize From Al, A4: cohesiveness is
perturbation-context dependent with system progertivarying in their
cohesiveness as perturbation kinds and strengtles \aried. Given the
characterization of cohesion as a condition of riage form of balance, A5: The
interactive cohesive support of nominally systeropgrties may extend across
within-system, system-environment and within-ennim@nt interactions.

Following from this, cohesion is not to be confined stability of first order
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properties like rock shape, kite; rather, A6: catvescharacterizes all properties,
including higher order process properties, that iateraction-stabilized against

relevant perturbations (Collier 2003)

Determining cohesion is an empirical matter basedan evaluation of the forces within a

system. So, for example, in the case of the quastgtal, it is clear that there is a balance of
forces such that it remains in a stable conditind eetains its discernible characteristics and
properties; namely, a particular arrangement aéail atoms, and the balance of these forces is
guantifiable. The opposite is true of the gas jarawhich experiences little cohesion due to the
nature of the forces acting between its moleculehesion here is constantly breaking, and thus
giving the gas no discernible, stable patternetms of biology, especially evolutionary biology,

cohesion mechanisms are those mechanisms whichopeagenetic relatedness, and therefore,

phenotypic cohesiofGrant 2011)

It is a specific kind of cohesion concept, namehe avhich is based on treating species as
products of information flow, proposed by Brookslawiley (1986), which | argue for in the

end.

4. Paradigm shifts and the term ‘species’

It is clear from what has been said already thatctincept of species has undergone a number of
radical changes over the years in conjunction (mmrdess) with shifts in the theoretical

frameworks of biology. From the Aristotelian framm through to the Darwinian, and the
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contemporary (I acknowledge that a great deal oedubetween the time of Aristotle and
Darwin, although | use Darwin as a marker as idsause of him, most people believe, that our
understanding of species changed the most drarthatcel significantly.) We could go so far as
to say that these changes in theoretical framewookscide quite well with what Kuhn would

have called paradigm shifts.

Kuhn first introduces us to his notion of paradigmshis bookThe Sructure of Scientific
Revolutions (Kuhn 1970). He further clarifies this notion irchapter of the bookhe Structure

of Sientific Theories (Kuhn 1977), due to a large amount of confusionegated out of his
initial book. At its most general level, a paradiggna “disciplinary matrix” which includes a
scientific community’s metaphysical commitments, timoelological practices, symbolic
generalisations (of the forfama, for instance), and exemplars. Exemplars areKédm, a more
particular sort of paradigm, and a far more sigaifit one in his view (Kuhn 1977). This sense of
the term “paradigm” is derived in large part fromchbel Polanyi’s work on tacit knowing, and
focal and subsidiary knowledge (Polanyi 1962). Adawg to Polanyi, understanding something
involves tacit knowing, which is thawareness we have of particulars, or constituents, whilst
attending to a comprehensive whole, without havapgcific knowledge of the particulars
(Polanyi 1962). Once we shift our focus from theolehto the particulars (i.e. make the
particulars the objects of our focal knowledgeheatthan our subsidiary knowledge) we become
incapable of performing the task (Polanyi 1962). &ample, riding a bike involves a great deal
of muscular coordination, but although we are avedirghis coordination, we cannot say exactly
how it is that each muscle works in order to explaow to ride a bike (Polanyi, 1962). Kuhn

uses a modified version of this theory in his esqgtion on paradigms, particularly paradigms as
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exemplars. Scientific communities hold as part it disciplinary matrix a great deal of
exemplary problems, which are more or less condisteoughout the community or field (Kuhn
1977). These are the problems which students eheseiare required to be able to solve as a
matter of routine, and are the prime examples efwtbrkings of a specific theory (Kuhn 1977).
Kuhn suggests that exemplars such as these functiprovide a kind of tacit knowledge that
allows practitioners within a field to recognisengarities in new or novel problems and to be
able to apply the appropriate formalism withoutedity relevant empirical information (Kuhn
1977). It is this learned ability to recognise damties between problems that makes up a
scientific community’s subsidiary knowledge, or, tims case, their paradigm. The scientific
equivalent, for Kuhn, of Polanyi's shift of focusoin the whole to particulars, is the quest to
derive correspondence rules for terms or symbolthimia scientific field (Kuhn 1977),
correspondence rules being sets of criteria whigferchine when it is appropriate to apply a
certain term or symbol to nature, or some particpleenomenon. Kuhn thinks that although it
would be possible, perhaps, to come up with anyb®mimof correspondence rules for a given
term or symbol, doing so would in fact impede tidity of practitioners to fulfil their tasks
(Kuhn 1977). The application of this or that cop@sdence rule actually shifts the locus of a
given problem, and in so doing shifts the naturehef follow up research and experiments,
according to Kuhn (1977). Scientists are far bedteperforming their tasks when symbols are

attached to nature in an intuitive, implicit faghjoather than an explicit one (Kuhn 1977).

Having said this, one could characterise the spepieblem as a quest to uncover explicit
correspondence rules for the application of thentepecies to this or that group of organisms. It

is my belief, based on Kuhn’s reasoning, that thisvhat has led to a great deal of confusion
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regarding the definition of species throughout diges, and especially today. Most, if not all,
species concepts are explicit, hard and fast ddespplying the label of species to a given
group of organisms. For Mayr (1992) the criteria a&olation and interbreeding. For Ghiselin
(1987), it is competition. These definitions areegtional and hence reductive in nature. They
are operational in that they attempt to define |ggem terms of empirical measurement. The
idea behind operationalism is that a theoretiaah tss meaningful only if we have some way of
directly measuring its instances empiricalihang 2009)So, in Mayr’s case, species are strictly
those groups of organisms which exhibit interbregdand gene flow, whether actual or
potential. It is assumed that such concepts as fleme and interbreeding are empirically

testable.

5. Why Mayr and Ghiselin are Operationalist

Ernst Mayr (1992) and Michael Ghiselin (1987) offfinitions of species based on one (or a
few) aspects of species evolution. For Mayr, sigeare defined by actual (or potential) degrees
of interbreeding and gene flow (1992). For Ghiseline definition rests on patterns of
competition and mate recognition (1987). It is noptention that these definitions of species are
fundamentally operationalist (or at least, app@ahtcertain species of operationalism), and
therefore fall foul of common objections againseigtionalism. | will show here why | think

that this is the case.
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5.1 Operationalism

Operationalism is the belief that scientific cortsemust be defined in terms of the operations
used to measure them (Chang 2009; Gillies 1972)eisgth is defined by the way in which we

go about measuring it. There are a number of diffeways of measuring length, depending on
scale (Chang 2009; Gillies 1972). For instance, lismigjects (on a human scale) can be
measured using a meter rule (Chang 2009; Gilli@R)L9 arger objects, on the scale of celestial
bodies, require length or distance measuremeriie toade by bouncing light and measuring the
time taken for its return (Chang 2009; Gillies 127@2n a very small scale, length is almost
meaningless in terms of how we usually understan@Clhang 2009; Gillies 1972). For the

operationalist, each of these different means oasuement represents a different concept
(Chang 2009). Bridgman did himself recognize thésaaproblem and conceded that in cases
where measurements overlap, a common name canvee fgir them, but only for practical

reasons (Chang 2009; Gillies 1972).

The problem which interests me here is the prolénhme relationship between operationalism
and reductionism. | take it as uncontroversial thaerationalism is a form of reductionism.
Operationalists, in most cases, seek to reducewsoncepts to strict empirical processes. For
example, length is reduced simply to the methodisesto determine it. There should ideally, for
the operationalist, be a different concept for eaethod we use to describe various instances of
length. This kind of reduction | believe to be datpcal in nature. Concepts are reduced, in
kind, to the various means we use to determine tiBnctontrast, an epistemological reduction
of this kind would not necessarily eliminate thestafict concept of length. Rather the method, or

operation used would function as an explanatiankiig real world, practical data, with an
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abstract concept. A useful way to illustrate thegpis to imagine a class of first year undergrad
philosophy students learning about Turing and hechlme for the first time. Turing, quite
explicitly, wanted to replace the abstract conadpghought with the operationalist definition of
his machine. He meant nothing more by thought tth@nsuccessful playing of the imitation
game by a machine (Turing 1950). If this machine atale to make itself indistinguishable from
a human to another human observer, the machinghivdsng (Turing 1950). However, what is
commonly the case with undergraduates, the tenden@&ways there to see the successful
playing of the imitation game by a machine as pogto, and constituting, a broader concept of
thought. For them it seems that the imitation ggmevides evidence for the existence of a
broader notion of thought, but does not exhaustibaning. Students persist in asking whether
or not the machine has consciousness, or whethisr ¢apable of creativity. They are not
satisfied with the reduction alone. If we take gesly the purely operationalist definition, then
there is no further question. Thought is the susfaéplaying of the imitation game. This is a
common objection to operationalism in general, Whas put forward by Donald Gillies
(1972). His contention was that operationalism ddes<haust the meaning of a concept. If we
take the extreme form of operationalism as beira toncepts completely determined by the
operations we use to measure them, then we caskdha question of whether or not they are

valid. They are valid as a matter of tautology (&nha009).

It is my contention that species concepts such agr®l and Ghiselin’'s reduce species to
operationalist (or quasi-operationalist) definisomhich conflate epistemic and ontological
models of reduction. In an attempt to square thencepts with the theory of evolution, they

take as wholly constitutive of species certain psses, such as gene flow and interbreeding,
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which has the almost ironic consequence of elilmmgdiroader elements of the theory from their
considerations. By homing in on one aspect of diaary theory in the search for an explicit
definition of species, they exclude other releviastors and are forced to retrofit their concepts
by excluding various portions of the natural wodd¢ch as asexually reproducing organisms, and

thereby end up treading the same path as the ¢agutal, strict operationalist definition.

Let's look at Ghiselin’s (1974) modification of tleological concept of species to illustrate my
point. Ghiselin (1974) emphasizes competition, aseatension of the biological concept of
species, to be a fundamental defining aspect afiepeHe specifies two kinds of competition,
interspecific competition, and intraspecific comipen. Interspecific competition is simply the
competition between species for natural resoumeRyr the means of survival (Ghiselin 1974).
Intraspecific competition is the competition betwaaembers of the same species denetic
resources (Ghiselin 1974). This presupposes irgeding and as only those organisms which
can interbreed would be able to compete for gemesiources. This kind of competition he also
terms ‘reproductive competition’. Thus species bandefined as follows: “They are the most
extensive units in the natural economy such thatoductive competition occurs among their
parts” [Ghiselin 1974; 538]. This definition is rettive in nature. It reduces species to degrees
of reproductive competition, even, famously, to thelusion of asexual organisms. Ghiselin
(1974) expands on his concept with an analogy thiéhnormal economy. Species, he says, are
like firms, who compete with each other, i.e. bedwdirms, and who have internal competition
between members. Like in the normal economy, Ghisays, there are firms, constituted by
lots of members, and there are also individualgsaten, who are not themselves firms, but part

of the economy nonetheless (1974). Individual tsagen, so the analogy goes, are asexual
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organisms who participate in the economy, but doimeract with each other in such a way as

to constitute a whole.

Mayr's (1992) species concept (the Biological speatoncept, as it is commonly known) is
perhaps the most widely known and used specieseporaf all. It is basically the same as
Ghiselin’s. In fact, Ghiselin’s is primarily an exision of Mayr's concept, extended in order to
deal with issues such as potential interbreedirfgpr Mayr, species are populations which
interbreed successfully, or have the potential nterbreed successfully, and which are
reproductively isolated from one another (1992)e pnoblems with both these species concepts
are numerous, yet they persist as the conceptaéelior a number of reasons. Firstly, they do
work for most common cases. Secondly, they aredoasetheory, to a certain degree, and
therefore conform with a modern, naturalistic usteanding of species. The problems arise when
one begins to consider the theory of evolution ashale, and not just in terms of gene flow or

isolation or competition.

Other species concepts exist which are equallyabi@alist (and therefore reductive) as the two
already mentioned. Paterson (1985) postulated Wwaatalled the mate recognition concept of

species.

| will begin my analysis of these concepts in terofisoperationalism by considering the first

reason why such concepts are so widely accepteemptbyed: they work (most of the time).

? Potential interbreeding isn’'t a problem if we trepecies as competing organisms, as it doesn’t
matter whether or not certain organisms are ingéertng, so long as they are competing with
one another, which Ghiselin maintains is happenorgstantly. What matters is whether or not
organisms are competing reproductively, or merefystirvival
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How are we to judge whether such a concept mighkWwdVhat are the standards to which we
must hold all concepts of species? Surely the ansatbeory. The theory of evolution (whether
Darwinian or otherwise) was developed to explaimdag other things) various patterns
observed in nature; patterns of order and divewsitlgin the natural world. | will assume, for the
time being, that species are real, and that theynalividuals. Mayr himself believes this too, so
even if | am wrong about it, at least | am attagkMayr on his own termis There are many
good reasons for believing in the reality of spgcighich modern understandings of the theory
of evolution reveal quite convincingly. Species @gpto be groups of organisms which display
degrees of complexity and organization which makeseduction of them impossible in a lot of
cases (Collier 2010; Gabbay 2011). This is a resfudt growing body of knowledge of different
evolutionary mechanisms, the interactions betweliclwmake the possibility of reduction more
and more untenable. Nevertheless, if we deny thktyef the species category, then we must
find some other units upon which the forces of attoh operate, whether these be individual
organisms, or genes, or something else. If thisascase, then the perceived structure and order
in the natural world is merely epiphenomenal; acemed pattern which has no reality of its
own, and is wholly reducible to forces acting belibwAs | have contended, Mayr appears to be
a reductionist about species, though he does dbgséarteality. As | see it, this is problematic fo
Mayr, and is where the relevance of theory is lgesplayed. The Biological species concept
must be taken to be, if we maintain that speciegeal, as fitting with our intuitions about what
species must look like, that is, cohesive entitiraking up the patterns of similarity and diversity

within the natural world. Famously, the Biologicsglecies concept rejects the status of asexual

*This does not mean that | take their concepts taigidy unhelpful. Being initially based in the
theory itself, the biological species concept shgedf to be highly useful in many cases of
species delineation. | am simply drawing the consparin order to illustrate certain tendencies
which resemble operationalism, and in so doing agethe concept to particular weaknesses
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organisms as species, despite the fact that tispyaghi a large degree of apparent cohesion; they
display patterns which are not unlike those obskmvehin sexually reproducing organisms.
This fact, along with a growing knowledge base efchmnisms which can maintain the integrity
of genetic and phenotypic similarity without theedefor gene flow or interbreeding, make the
Biological species concept increasingly redundant| force it into a realm of a self-validating

tautology.

The move towards operationalism is one solutioth&pattern versus process problem (Collier
et al. 1996). The problem is one of finding a bedwetween perceived pattern in the natural
world, and the dynamics, or processes, which cdheepatterns. Processes are inherently
unobservable, raising questions of their existe(ellier et al. 1996). This is exactly the
concern that led Bridgman to adopt his operatishaiew concerning theory in physics (Chang
2009). The Harvard physicist became aware of thblpm after reading Einstein on the Theory
of General Relativity, and saw that there was qmeration required for judging the simultaneity
of two events separated by space, and anotheudagirjg simultaneity when the events were in
the same place. One could not fix one by fixing dkteer (Chang 2009)This led Bridgman to
the conclusion that physicists had been too libaraheir extension of concepts to different
experimental values (such as mass, velocity etb)ctwrequired different operations (Chang
2009; Gillies 1972). His most famous example i tfathe seemingly innocuous concept of
length (see earlier discussion). Bridgman contetitat there is no reason to assume that these
two instances of length (length as measured bymnelies, and length as measured by bouncing
signals) represent the same concept. We have nofaagcurately correlating the two (given the

practical impossibility of constructing a row of taerules between two celestial bodies). Things
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become even more troublesome when dealing in ohilight years, where the operation used
becomes ever more sophisticated and complex. The saplies for very small objects, such as
subatomic particles, where the concept of lengthhadly be seen to have meaning in the same
way that it does on larger scales. For these rsaBolgman believed that we have different
concepts for different instances of length depemdin the operation used to determine it. He
conceded that for practical reasons scientistsdcspak of length across operational divides as
being the same concept, provided that we end up mvittually consistent numerical results in

the case of an overlap (Chang 2009; Gillies 1972)

This problem of fixing concepts is nowhere moredewit than in biology, and especially in the
species problem. One could draw an analogy betweé&s of mass and units of species, one
being a fundamental unit in mechanics, the othieindamental unit of evolution. Leaving aside
issues of commensurability, the concept of massdifeerent meanings in different theories of
mechanics (Newtonian, Einsteinian etc). In the samag, the concept of species must be
determined by the theory in which it is employetisTis the very reason why operationalism has
failed in physics. One of the key objections raisgminst it is its supposed circularity. All
operationalist definitions of concepts presuppadseoty (Chang 2009; Gillies 1972). It is
unclear, as Bridgman suggests, how we move fromatipealist definitions of concepts to the
theories in which they consist. One cannot makeeeaf length without presupposing theory;
theory about, say, how we measure the length oét@mlf we measure length by using a meter
rule, we are presupposing that a theory in whiamakes sense to use a meter rule to measure
length, or, in more extreme cases, why the redud measurement made by a meter rule is

length itself. The actual lengths and units useth@asurement are here unimportant as they can
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be fixed by mere stipulation. But even here, thguition of a length requires a theory of length

which is prior to the operation, or else it is wwsly circular.

Of course, as Gillies has pointed out, unless fheration itself exhausts the entire meaning of
the concept, or theory, and is so true by convantiotautology, then we need not require any
theory (Gillies 1972). If it does not, then it musbhere in some way with a broader
understanding of the concept which is fixed in tieory. This tension is inescapable unless we
adopt the untenable position of operations exhagistieaning. Bridgman himself was reluctant

to postulate this view (that operations exhaustmmeg.

The same troubles arise when dealing with speaigs,it is my contention that fundamentally
operationalist concepts of species have led tgarfiaial understanding of them, and given rise

to the confusions embodied in the species problem.

Pattern is highly observable (compared to procebs}, insufficient for the practice of
guantitative science and its role in explanatioallf€r et al. 1996). Historically, responses to the
problem have gone two ways: either extreme micduecgon, a la operationalism, or the
division of biology into explanatory fields such asolutionary biology, and descriptive, or
comparative fields such as taxonomy (Collier et 1#96). Both these moves have proven
inadequate for understanding the exact nature efisp. Operationalism results in selectively
ignoring certain forces at play within evolutiomdahence eliminating various parts of the entire
living world. This is easy to see in the case ofyM@EL992). By having species be only those

things which do, or can possibly, interbreed, ohmipates, asexual populations from being
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included as species. This is problematic given #ssxual populations often display similar
cohesive characteristics to sexually reproducingsoo eliminate them seems like a fairly
arbitrary move, and is inadequate for a more cohmrsive understanding of how the living

world evolves.

It is my contention (as well as others, such adi€@ol\Wiley, Brooks, etc) that any attempt at
reducing species to explicit correspondence rglesh as operationalism, is doomed to failure if
we hold that species are dynamical, complex sysethibiting varying degrees of cohesion (the
property which individuates dynamical systems).Ssgstems contain a mixture of forces and
flows which interact in a non-linear fashion, makireduction to lower levels in the hierarchy

often impossible, even in principle.

When | speak of reduction in this biological cornfelxam talking strictly about ontological
reduction, that is, the reduction of a certain dgotal entity, to entities at a lower level. The
common example is the reduction of an organismtgobasic molecules. It is assumed in
reductionism that all higher level properties, exgoperties at an organismic level or fully
explainable and, hence, describable, by propedties lower level, e.g. molecular interactions.
Higher level properties are said to supervene weitdevel ones, which means that there can be
no change in the higher level property without ¢héeing some change in the lower level
(Kincaid, 1988). All of these issues of reductiordaupervenience are controversial, and | will
avoid going into them other than to explain thewithat certain biological entities are not

reducible, remembering that the implication forstivreducibility is the impossibility of strict
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and explicit definition, whether it be operatiormal otherwise. The link between irreducibility

and explicit definition is best expressed by Col{2003 105)

Explicit definitions place the defined term on owlye side of the definition, so that
all explicitly defined concepts are in principléenginable. For example, if bachelors
are unmarried adult males, by definition, we neetisuppose that there are these
things, bachelors, in addition to unmarried adulales. Requiring explicit
definitions of irreducible phenomena implies tha toncepts of these phenomena,
at least, can be reduced to the concepts in tledimitions. If the concepts refer to
dynamically irreducible phenomena, and the debnii are in dynamical terms,
then the definitions presuppose dynamical redutybiA requirement of explicit
definitions for all dynamical phenomena in termsiofpler phenomena would rule

out, a priori, nonreducible complex phenomena.

Of course, not all dynamical systems are irredegibhd it is useful here to distinguish between
weak and strong emergence, and weak and strongiooh&Veakly emergent properties are
properties in higher-level domains which arise frtower-level domains in a way which is

unexpected, but which are nevertheless reduciblgrinciple, to the lower-domain (Chalmers
2006). Properties which are strongly emergent #&e anexpected, but are in principle not
reducible to properties in the lower domain (Chabn2006). So, certain dynamical systems
exhibit higher levels which are still deducible rfrdower levels, such as ion crystals, whose

properties are wholly explainable in terms of tlomic bonds. With species, the degree of
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reducibility depends on the amount and kind of sadre present, and hence the degree of non-

linearity in the system.

6. Is it appropriate to treat species like dynamical gstems?

A dynamical system is simply a system which is goed by forces and flows (Collier 2010;
Wiley & Brooks 1988). It is a causal system. Ndtcausal systems are complex, or non-linear.
Some are reducible, and others are not. A kite @tring is dynamical, but is not complex
enough that it cannot be reduced to its componarts pA change say, in the integrity of the
string, or in the interaction between the movenoéwind with the fabric of the kite, will result
in significant changes to the kite-on-string’s caiba. Complexly organised dynamical systems,
however, are largely insensitive to fluctuationdaater levels (Collier 2010; Wiley & Brooks
1988). For instance, a human being, at the orgaidevel, is not greatly affected by
perturbations at a molecular, or cellular level. \Welergo changes in our chemistry, without
fundamentally damaging the integrity of our funoabcohesion. The thesis | have put forward,
as | have said before, is that species are likedmubeings. They are individuals, and they are
dynamical. We know they are dynamical because #reyentities fundamentally exhibiting
forces and flows; forces of gene flow, genetictdetology, development (and whatever else),
and it is these forces which contribute to thegtidct identities. What keeps a species the way it
is (its apparent difference from species aroundligther physical, or behavioural) is determined
by the relative strengths of those forces. Membefrsa species tend to have the same
characteristics because they share largely the games, which they maintain by interbreeding

(Mayr 1992; Mayr & Provine 1981). In cases wherecspsare in fact capable of interbreeding,
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but do not, such forces as mate recognition, ologgacome into play. Examples of this are lions
and tigers, which are capable of producing vialffspoing, but which don’t due to ecological

and geographical separateness.

7. Information

Information, generally, is a contested concepthi field of physics, and thus also in biology.
There is an abundance of mathematical definitidnaformation which function well in certain
contexts and not so well in others. It is fairlycantroversial to state that information exists in
biology, and especially within species. Genes fanejdamentally, carriers of information which
determine protein synthesis in organisms (Collied2 Adriaans & Benthem 2008; Smith
2000), and genes are one of the most importantctespéspecies. Whether or not genes are the
only mode of information transfer in species isatable, but what is not debatable is that they
are the most important (Collier 2008How does biological information work? Drawing on
Collier (Collier 2008), there are two kinds of imfieation which we must distinguish in order to
understand it clearly: instrumental and substantermation. Instrumental information is the
information which is measured as a useful tool ariaus scientific pursuits (Collier cites
bandwidth etc.). A common example of instrumentalses of information is in tree rings. The
size and frequency of tree rings give human obsene ability to deduce certain things about
the trees past. This information, however, is mitinsic or vital to the tree itself. It is only
relevant to human observers (Godfrey-Smith & Sitgre2008; Collier 2008). Substantive
information, on the other hand, is information whioakes a difference within a system without

it necessarily being measured (Godfrey-Smith & &tgr 2008; Collier 2008). An example
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might be genes themselves, whose information & tat the functioning of the organism which
it inhabits. In other words, even if we didn’t nseee the information contained within a certain
gene, it is still causally relevant to the organisself (Godfrey-Smith & Sterelny 2008; Collier
2008). Such substantive information exists, aceqydo Collier, in a nested hierarchy, working
down from the most inclusive (It from bit) to inteanality. This hierarchy is nested as it each
level contains the properties of the level befdret with modifications which exclude other

elements in the previous level (Collier 2008).

At the most inclusive level, as stated before,his it from bit notion of information (Collier
2008). This view simply states that any causalyugded distinction makes a difference, and is
therefore information (Collier 2008). This view aeoout of quantum mechanics, and the term
was coined by John Wheeler (1990). It basicallymseahat every causal distinction arises out of
information, or itself contains information. Itshifdgs in the world) are derived from bits of
information which determines their existence arel dtates in which they appear (Collier 2008).
A refinement of this view is negentropy, which e tview that only things (or Its) which can do
work (channelling energy, or what have you) carctwesidered information. Everything else is
noise (Collier 2008). This view is bound up in timion that if we subtract all of the constraints
from a system (having (&) we end up with a system havingukl, that is, the removal of
internal constraints on a system maximises itsopwtror takes it from its actual entropy, to
maximum entropy (Godfrey-Smith & Sterelny 2008; &il& Brooks 1988; Collier 2008). Thus,
negentropy is the organising factor within a systerich constrains its phase states. Beneath,
or within, negentropy is hierarchical informatio@q(lier 2008). Here information travels via

channels to different levels in a hierarchy. Thex&rchy is real, or natural, by virtue of dsing
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something. Purely abstract, or nominal hierarchies mightthe physical, the chemical, the
biological, the social, the psychological and tbeial (Collier 2011). None of these elements in
the hierarchy is physical or causal elements. Td@yot do anything. By contrast, an atom,
which is part of a cell, which is part of an organi is a real hierarchy in that behaviour at the
atomic level has a causal impact on what happettseatellular level and so on (Collier 2011).
According to Collier (2011), each level of the laiehy must exhibit its own cohesion, that is, it
must be its own functional, dynamically individuatself (see my earlier account of what
cohesion is). Each of these cohesive levels trassmiormation to higher levels in the
hierarchy. Negentropy is obviously involved herecdese it is this which gives a level its
organisation, or cohesianit is as obviously true that not all forms of ratropic information

are hierarchical.

From here we venture further down the informatidmatarchy into functional information, and
then into intentionality (Collier 2008). It will nde necessary, for my purposes, to go deeper.
All that is important is that we recognize that lbgical systems such as species are
fundamentally information systems, which exist miaformation hierarchy (Collier 2008). This
hierarchy extends from the atomic level, up todkhkular, to the organismal, and to the species

(beyond this we have ecological systems).

It may be necessary here to say something abousheuies can be considered a real level. As |
have said, in order for something to be real, dunad, it has to (be able t@po something. So

what is it, exactly, that species do? My argumed, well as that of others before and

*This is a controversial statement. Brooks and Wi(@988) assert that organization and
cohesion within a level is the result of entropiof negentropic processes.
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contemporaneous to me, is that species play a featal role in the theory of evolution

(Paterson, 1980; Hull 1978; Ghiselin 1974; WileyBooks 1988; Sober 1980; Mayr 1992;

Ghiselin 1987; Templeton 1989; Richards 2010; Bty 1992). So long as we take evolution
to be true, we must take species to be real. lerotords, the function of the species is to
speciate and give us greater diversity. The foafesvolution thus far posited do not act on
individual organisms, or on specific parent-offsgriineages, but on a collection of organisms
which is organized in such a way as to be susdeptitbchanges in the various forces at work.
The theory of evolution was proposed to explairedsity, and it is species (as the fundamental

units of evolution), which are its carriers.

Another way to approach this problem is by refeytio species as largely emergent enfitiés
emergent and non-reducible, species cannot be da#it by focus on lower levels of
interactions, i.e. specific organismal interactionwill deal with specific cases shortly, but for
now it will be enough to claim that whatever is egemt is real, as emergent properties
themselves are dynamical, not just in the sengettes are held together by dynamical forces,
but that they themselves exhibit causal effectshamgs around them, as well as on their lower
levels (Collier 2008)Species are real levels in the information hidratoecause their properties
cannot be dealt with by reference to lower leviéla.certain population of organisms in a certain

location exhibits properties (such as all havingagticular set of characters, or behaving in a

* It is necessary here to distinguish between weakty strongly emergent properties of systems.
Strongly emergent properties are in principle in@tle to lower level activity, as well as being
unexpected given lower levels. Weakly emergent gnigs are unexpected, although reducible.
Such emergent properties we could say are epiphemamNot all entities which look like
species will, therefore, be species. In some casbkssion may be reducible to one or two
(linear) interactions between forces, which canrééuced. The advantage of the cohesion
concept, however, is that it gives us the frameworldealing with such cases.
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particular way, or interbreeding only with eachestfinterestingly, this point has been used as a
criticism of Mayr’s biological species concept imat gene flow and interbreeding are properties
of cohesive species, and therefore not the cautieeofcohesiveness)) which is not explainable
by any one specific evolutionary force, then it mumse treated macroscopically. This
macroscopic entity interacts with its environmeag & whole) as well as with its lower levels to

either maintain or breakdown its own cohesion tonfaew species with new properties.

7.1Information Channels

A real level in any information hierarchy has tovdaa number of different pathways through
which it receives information from lower levels. Up now we have been talking about
evolutionary forces acting on a locus to producelzesive entity called a species. | think a more
accurate portrayal of this picture is to imaginesth various forces as acting on the flow of
information from lower levels to higher ones. If Wwave a look at the known forces involved in
evolution today (gene flow, genetic drift, natusalection, development, ecology, etc.), each of
these has some role to play in the transmissiomfofrmation, either directly or indirectly,
thereby impacting constraints on information flohhe most obvious of these channels is
involved during gene flow, and it is argued (by mancluding Collier) that this is probably the
most important factor when it comes to maintaingpgcies cohesion. The reason for this is so
obvious as to almost resist explanation (Smith 20@@nes are carriers of information in that
they are codes which carry instructions for thddig of an organism during ontogenesis. This
information is passed from parents to the next gdiom via sexual reproduction. A high degree

of gene flow within a population (that is, a highgdee of interbreeding between all members of
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the population) maintains cohesion by ensuring ghaiajority of the genes from that population
is passed down into the next, therefore maintaindentity and a shared evolutionary fate
(Barker 2007). Natural selection impacts this infation flow over generations by eliminating
those pieces of code (or genes) which do not sereiwironmental stresses (Barker 2007). Not
all of the genes in a given population have an Eltkedihood of reaching the next generation. If
they did, the entropy of the system would be makifNatural selection, however, ensures that
only those genes which increase an organism’'siti&etl of reproducing will be passed on.
Natural selection places a restriction on the phgs@ce of a species system, lowering its

entropy, and thereby acting as a controlling/orgjagi factor.

This is not where the buck stops with regard tonmiation channels, however. There is also an
interesting interaction between genes and theinpiypes, which places further restrictions on

the transfer of information to the macroscopicspecies, level, as Collier (2008; 773) states:

The route from information stored and transmittexh® DNA to the phenotype of
an organism is much more complex than the reptinatif genetic information in
reproduction. Replication is fairly well understodmlit gene expression, especially

in multicellular eukaryotes, is very complex and wery direct

There is not a one to one relationship between gane phenotypes. The process, as Collier

states, is extremely complex, and clarity is diffido come across on the topic. Suffice to say

there are certain well known examples of mechanmmsh demonstrate this complexity, and
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which show how constraints are placed on the in&tion transfer from gene to realised trait.

One such example is the Baldwin Effect.

The Baldwin Effect is an evolutionary mechanismabhivas discovered in the late™&entury.
Three separate researchers stumbled upon it indepdy, James Baldwin amongst them
(Simpson 1952). The effect, or mechanism, is oneavimch characters acquired during an
organism’s life span (called accommodations) that ay definition, non-hereditary, become
reinforced or replaced by genetic or hereditaryratigrs. This is, essentially, a version of the
Lamarckian view of acquired traits becoming hemagittraits. It is a mechanism that has
garnered a large amount of controversy, not becausenot true, but because it is difficult to
find definitive cases of it. As Simpson (1952) statall of the necessary factors required for it to
work do in fact exist and occur. The difficultyiis finding cases where one can say for certain
that the Baldwin Effect took place, and not jusinstard natural selection. For instance, it is
obvious that accommodations exist, by the banal ffaat muscles increase in size through
frequent use (Simpson 1952). We also know thatthes strong correspondences between some
of these accommodations, and heritable, genetiectsff The example that Simpson cites it
Goldschmidt's phenocopies, which are copies of tierteaits by other organisms without a
change in heredity. The existence of phenocopeemrding to Simpson, implies the existence of
genocopies too, which are copies of non-genetitsttay a change in heredity. The way the
mechanism is supposed to work is that accommodat@mracquired traits, increase the fithess of
members of the population who have the abilitydquére this trait. Over time, this trait begins
to appear in the population as a genetic or intrate The problem is with determining whether

or not the trait wasctually wholly acquired from the environment, or whethewas a part of
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the genotype in the first place, which perhaps negached expression due to environmental

factors.

What makes the second possibility plausible is wlek done by Waddington (Waddington
1942) on canalization. The theory of canalizat®unsed to explain evolutionary robustness, that
is, the tendency for lineages to maintain theirntdies despite changes in environment.
Waddington used this theory to explain experimaiige onDrosophila pupae, which he
subjected to heat shock in early stages of devedopnThis heat shock caused a crossveinless
phenotype to emerge in some specimens (one carteeth| heat shock and the emerging
phenotype to the appearance of an accommodatioacquired trait in Baldwin's sense).
Waddington subsequently selected for specimens hwiisplayed this phenotype. Over a
number of generations, going through the same psptbeDrosophila pupae began to be born
with the crossveinless phenotype, without beingjessibd to the heat shock. Waddington
proposed the idea that the crossveinless phendiyays existed in th®rosophila pupae
within its genetic makeup as a potential phenotyma, because of environmental factors
(canalization) it never reached expression. Only extreme environmental pressure, and
selection, led to its emergence as a perceivedanimait. He likened canalization to a stone
rolling down a hill, in a deep canal with high v&llThis is the journey of the genotype to
expression in the phenotype. There are a numbeotehtial phenotypes that can be realized, but
due to canalization, development always travels rd@vreasonably similar path. This then
ensures that the identity (or cohesion) of the iggecan remain intact despite environmental
shift. Only extreme environmental pressures (swgla deat shock in early development) can

cause a change in this developmental trajectoryddigton himself defined the phenomenon as
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follows "the capacity to produce a particular definite egslilt in spite of a certain variability

both in the initial situation from which developntestarts and in the conditions met with during
its course" (Waddington 1975; 99). In terms of Baddwin effect, canalization may give us a
better understanding of innateness. Ariew (1996)p wakes his cue from Lorenz, states that
canalization gives us a more accurate picture efdithotomy between innate and acquired

traits. As he states:

This makes Waddington's idea a good candidaterfacaount of innateness: the
degree to which a biological trait is innate fogenotype is the degree to which a
developmental pathway for individuals possessingnatance of that genotype is
canalized. The degree to which a developmentaWwaaths canalized is the degree
to which it is bound to produce the end-state r@lgas of environmental variation

in either (a) its initial state, or (b) during tbeurse of developmeli1996).

For the Baldwin effect this could mean that insteédiewing the mechanism as a move from
acquired trait to genetic trait, we could say taktraits are inherently genetic, but that due to
canalization, only a few reach expression, but thigtcan change in the face of environmental
pressures. There will be, of course, non-genetiquiaed traits arising in individuals (say, for
arguments sake, the chopping off of a mouse’s. taigh traits don’t become heritable because
they are not genetic. It is still the case the tiégyeoccurs through genes. If the genotype doesn’t

exist, it cannot be transmitted.
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Some extreme views within the field of developmEbialogy wish to remove the dichotomy
between environment and genes altogether. Somee(pa@riffiths and Gray 1994) make the
claim that evolution is best understood as “..eJttifferential replication of total development
processes or life cycles” (1994). The distinctiogtvieen replicators and interactors can no
longer be maintained, they argue, and must be ceglay looking at development as a whole
(1994). Whatever the case may be, whether we chatysdivide genetic and environmental
factors, | think the important thing to realisehe complexity involved in genotype to phenotype
translation, which acts, from an information pertpe, as an information channel, and how this
information channel has the potential to act asntaaier of cohesion. The importance of
development in maintaining species cohesion maysimply be secondary in importance to
gene flow or interbreeding. Some (Gould among them)ld go so far as to say that gene flow
is neither necessary, nor sufficient, for maintagna species. If the evidence for this proves
conclusive, we have a very strong case for rejgdtfiayr’'s Biological species concept, and for
accepting the Cohesion concept as an alternatiedthi®lv Barker (2006) in his papé@&he
Empirical Inadequacy of Species Cohesion by Gene Flow wishes to make just such a case. For
him, gene flow is certainly not the primary main&i of a species’ identity over time, although
it certainly could be. Barker asserts, rightly, that the current hegemview of species is one
which privileges gene flow and interbreeding oviédreo factors in maintaining species cohesion.
The cohesiveness of species is largely taken famtgd in recent times (we can equate this with
the consensus view that species are, after alijithehls and not classes). The problem becomes,
what is the nature of species cohesion? For those @s Mayr and Ghiselin, interbreeding and
gene flow is paramount. Gene flow works by ensutirgg the greatest number of genes from a

given population make it into the next generatibhe more genes from one population which
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make it into the subsequent population, the momaai that subsequent population will be to the
prior population as a whole. Therefore, a distiiggntity (cohesion) is maintained. On this
thinking, if an isolation event occurs, such athange in geography (let's imagine a river forms,
dividing the population in two), the genes from @nde of the river cannot flow to the other side
(’m assuming that this is not an aerial speciesl eannot cross water. Or perhaps the river is
wide enough and turbulent enough that even spemgsble of swimming could not). If
something such as genetic drift (or a new seleghi@ssure) were to occur in a population on
one side of the river, the lack of gene flow wilie tother side would mean that there would be
nothing to maintain their similarity. Those new pbgenes don’t make it across to the other side
to keep subsequent generation looking the samet Béraer presents in his paper, however, is
evidence to suggest that even without gene flow p@pulations which are not restricted,
physically, from interbreeding) species identitynintained. There are also cases in which
large amounts of gene flow are not enough to mairgpecies identity, and cohesion is broken

via other factors. | will cite Barker for some exales below.
Colonies of the butterflfEuphydryas editha, for example, were found scattered
through California with distances of up to 200 keparating them, and yet gene
flow between colonies was nearly zero when gapsdet them measured as little

as 100 m (Ehrlich 1965, 327). (Barker 2006)

Also:
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Moving to sexually reproducinglants, there is even greater evidence of gene flow
being unnecessary for species cohesion. Typiaailliyer wind or insect pollination
facilitates sexual reproduction in plants. One rhighsume that wind facilitates
reproduction over vast distances, “but this assionpis not borne out by the
available data” (1229). For example, outcrossingea mays (corn) is only 1% at
distances greater than 18 m, andBata vulgaris (beets) is just 0.3% at distances
beyond 200 m; likewise among Coulter pines, suokdsspersal does not reach
far beyond 10m (Ehrlich and Raven 1969, 1229). €quently, Futuyma (1998,
317) has summarized that “a large number of crageisp have shown that fields
separated by a kilometer or more are effectivetyaied in most cases.” (Barker

2006)

What this clearly demonstrates is that certain iggeeven when they are within breeding range,
sometimes don't interbreed, yet still maintain stidict, cohesive identity. More data that Barker
reveals shows that there are even cases whereespirinterbreed rather extensively, yet this is
not sufficient to hold the species together asheeswe entity.

For instance:

Templeton’s (1989) work shows even high rates oiegiow between populations
can fail to bring populations into a cohesive whdilais is clearest in the case of
syngameons, which arecollections of what most biologists would consider to be
populations of distinct species. Despite being dfeckent species, however,

populations in a syngameon collective frequentlyeroeme pre-zygotic
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reproductive barriers. Thus, there is gene flowwken distinct species in the
syngameon, and yet this is insufficient, even owgnificant periods of
‘evolutionary time’, to unify the corresponding spes, populations, and organisms

into one unit that displays a single instance eicggs cohesion. (Barker 2006).

So, where does this leave the Biological speciexem? In a rather precarious position. It is
clear from the above that gene flow is neither ssagy, nor sufficient for species cohesion. Of
course, this in no way discredits gene flow astal @ispect of species cohesiot simply makes

the case that to posit gene flow and isolation ramgry factors in the definition of species is
misguided, and fails to take into account, eversioyple inspection of the literature, the true

complexity of the evolutionary picture.

8. Naturalized Metaphysics

Throughout this thesis, in my grappling with theegps problem, | have been primarily
concerned with one area of philosophy, and thatataphysics. The species problem is first and
foremost a metaphysical problem. It involves atish elements and topics which have been at
the heart of metaphysical discourse for many huigjrand even thousands, of years; things such
as identity over time, whole-parts relations, indals versus classes, realism vs. nhominalism.
While all of these problems are in some way relatieely are distinct problems, and all of them

are present when dealing with the species probléave shown throughout this thesis how both

® An important point to remember is that the Cohegioncept by no means wants to remove
gene flow from the species problem dialogue, btitera it wants to place it within a context in
which other forces function to maintain speciesitdg
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antiguated and contemporary species concepts flaisome way because of problematic
metaphysical assumptions, whether it were Aris®tssentialism and classes-based ontology,
or Mayr’s reductionist operationalism. All of ospecies concepts up till now have suffered to
varying degrees because of residual unchallengégpmgsical assumptions from previous eras.
In this chapter my aim is to outline the core mbtegical concepts which have guided me to my
conclusions about species. | will discuss a newaah to metaphysics which rejects the a
priori nit-picking of most analytical metaphysiand proposes that philosophy does more to
align itself with current, testable science. Mudhmy thinking about this has been drawn from
Ladyman et al.’s boolEvery Thing Must Go (2007), and so | will be referring to it quite

extensively. As a helpful starting point to theleas | provide the following quote:

It is Ladyman et al's claim that modern metaphysias become woefully isolated
from actual science. Metaphysicians are left arguixer issues long resolved by
actual science. For instance, Ladyman et al dra@ni@dn to the debate amongst
over the nature of matter, specifically the natofenatter as either ‘gunk’ (in the

sense of an infinitely divisible substance) or ad@oms being partless particles).
This debate, according to Ladyman et al, ‘is esakyntbeing conducted in the

same terms as it was by the pre-Socratic philoggpimong whom the atomists
were represented by Democritus and the gunkisfsnayagoras...It is preposterous
that in spite of the developments in the scientificlerstanding of matter that have
occurred since then, contemporary metaphysiciatteeht continue to suppose that
the dichotomy between atoms and gunk remains nelevand that it can be

addressed a priori.” (2007, 20). (Grant 2011).
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Here we have a good summation of the problem. Munaiytic metaphysics has failed to make
progress because it fails to engage with whataiyrgoing on in the scientific world. This is,
essentially, the core of my critique of modern sgeconcepts, but | will deal with this in more

detail later. For now let us unpack the idea ofuxaized Metaphysics.

The idea of a naturalized metaphysics is nothing. f¢aturalism is found in the thinking of
many philosophers exploring concepts like identityye, space, etc. throughout the history of
western philosophy. Two notable examples of thesJmhn Locke, and Wilfred Sellars. Both of
these philosophers advocated in some way the peactimetaphysics by way of empirical, or
scientific, knowledge. Probably Sellars’ most wealbwn idea is that of the distinction between
his two images of the world, i.e. the Manifest irmagnd the Scientific image. Loosely speaking
the Manifest image of the world is the one whiclreanploys by way of common, or instinctual
sense [1]. It is, according to Sellars “the framdwo terms of which man came to be aware of
himself as man-in-the-world” (Sellars 1963). At ttentre of the Manifest image are people and
things (deVries 2011). It is in employing this frework that we navigate our world on an
everyday basis. Contrasting with this image of therld is the Scientific image. The
nomenclature of these images is misleading as theifdkt image needn’t be unscientific,
although it is more promiscuous in its methodoldiggn the Scientific image. What makes the
Scientific image scientific is not necessarilymi®thodology, but rather the fact that it is based
on the content of actual, practiced science; thathe real theories and empirical data that

scientists devise and collect (deVries 2011)

51



Sellars is not a strong advocate for the Manifestge, as he says, “[The Manifest] image, in so
far as it pertains to man, is a 'false' image; thlisity threatens man himself, inasmuch as he is,
in an important sense, the being which has thigerad himself” (1963). Instead, he defends the
Scientific image. He acknowledges the possibilifyboth being in some ways correct, but

dismisses it on grounds which | shall not go indoeh Essentially, Sellars believes our pursuits
as philosophers should not be aimed at ascertainitigs through the Manifest image, but rather

by “knowing our way around” the sciences and thier@idic image.

A useful analogue to Sellars’ images is given tbydsadyman et. al. (2007). They speak about
the “domestication” of the hard sciences as benegdominant practice of metaphysicians up till
now. What this practice consists of is translatmgmaking sense of, our theoretical progress in
the sciences in terms of common sense, or folkerstandings of the world (2007). This
practice, they feel, is misguided, the result ofickhhas been a lack of progress and
understanding in the field of metaphysics. Ouritrdas very rarely match up with the science.
For instance, a common sense understanding of msattleat it consists of smaller and smaller
bits of other matter. So elements are comprisedtams, which we see as nuclei orbited by
electrons (in much the same way as the moon dtistgarth), and these atoms are comprised of
other smaller bits, which are in turn comprisedtifer smaller bits. The science of subatomic
particles, however, shows that atoms and theirtdaests are not anything like matter in the
way we conventionally understand it. Subatomiciplat do not break down into smaller parts
in the same way that a building breaks down intickisr and steel. The subatomic world is
something which eludes a common sense understaritliago strange that attempts to visualize

it are often impossible to most people. A posséxtplanation for this is that human beings did

52



not evolve to have an understanding of the atomgubatomic realm. We evolved to deal with
objects and things at a human scale (2007). Ouitiois about the behavior of things at this
scale work fairly well most of the time, but whencomes to very small or very large objects,

our common sense fails us dismally.

Collier (2010b) has argued that one could makesa far reconciling these two images. While
this may initially sound problematic for my positiol will show here that it in fact strengthens
it, mainly because it demonstrates a methodologipptoach which naturalism must adopt when

comparing two competing paradigms.

Collier (2010b) argues that the Sellars’ two images instances of distinct paradigms in the
Kuhnian sense. Reconciling these images requisgsate make explicit the tacit assumptions in
each so that we can compare them (Collier 2010b)aldo argues that neither image can be
justified by its own standards, and that criticiswfseach generally come from the other,
according to the standards and framework of therg2010b). | am agnostic regarding whether
or not the images are, in fact, reconcilable. Whake as important in Collier's argument is the
claim that tacit assumptions must be made expiicibrder for us to compare them. This
methodology is distinct from the misguided methodgl of previous metaphysicians who
simply try to translate the Scientific Image inhe tManifest Image. This process of explication
is an essential part of a naturalistic framewogkjtaeflects the empirical impulse which is the
cornerstone of naturalism. It is my belief thattjas a naturalistic metaphysician must try to
make the necessary connections between varioustiici®elds, he must also always be aware

of the possibility of reconciling common sense asaentific concepts, so long as the
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methodology is a suitable one. A truly naturalistietaphysics must remain agnostic regarding
the reconcilability of the two images. This podl#ipi of reconciliation is a hallmark of
naturalistic metaphysics, and not a weakness.itt ilsis mode that | have proceeded in trying to
make sense of how our previous species conceps fagled us; namely by trying to make
explicit the tacit assumptions in each, and howhehas fallen prey to certain positivistic
tendencies from previous eras. In the case of ggecommon sense notions need to be expelled,
as species function primarily within a scientiframhework, so reconciliation is not necessary,
although it is necessary to point out how “Manifesitions of species have stilted progress in
our understanding of them. As | have argued elseavimethis thesis, despite the recognition by
species concept theorists in modern times thatisp@ce, in the end, entities tied to a specific
scientific theory of evolution, the tendency toatré¢hem in an a priori, intuitive manner is still
not lost. Mayr’s Biological Species Concept mayishn its being strictly naturalistic, or
biological, yet it ignores a whole host of factevkich contribute to evolution and speciation,
turning itself into a tautology in order to evadeaticism. | argue that these tendencies are a
hangover from previous tacit understandings of iggewhich we have yet to recognize and

thwart.

The other naturalist | mention at the beginninghod chapter is John Locke. His thinking on the
nature of Real and Nominal essences should shed hgit on our understanding of how a
naturalistic metaphysics might differ from an amialyone. Locke, in hisgEssay Concerning
Human Understanding (1690) made the distinction between Real and Nahwssences. The
Real essence “is what makes something what ihsjrathe case of physical substances, it is the

underlying physical cause of the object's obseevahlalities” (Jones 2013). The Nominal
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essence, on the other hand is “an abstract ideéavihanake when we identify similar qualities
shared by objects; the nominal essence is theati¢hose shared similarities.” (Jones 2013).
One could, however crudely, make an analogue beti®eke’'s Real essence and Sellars’
Scientific image, as well as between Locke’s Nomessence and Sellars’ Manifest image.
Even though Sellars is dealing with overarchingld/erews, and Locke with individual objects,
there is still something to say for how they relatsimilar ways to our discussion of naturalized
metaphysics. One could make the comparison betlweensomething’s Nominal essence falls
within a folk, or common sense framework, or untierding of the world. So, the idea of a lion,
for instance, invokes a number of ideas about \a@Hain is in the mind of the common person
using the word, i.e. a mammal of such and suclze s¥ith a mane, a golden colouring, sharp
teeth, etc. This is the Nominal essence of a hon,t is also an understanding of a lion as péart o
the Manifest image of the world; our common senséntwitive understanding of a lion. The
Real essence of a lion, however, refers todduese of how lions came to be lions, that is, a
distinct species. This is a scientific issue, andits within the Scientific image of the world. A
lion came to be a lion through a complex processewblution involving a number of
mechanisms acting over a very large timescale.Wdrel “lion” as understood in a Nominal or
Manifest way is not the same as it is understood Real or Scientific way, although in this

particular case, the referent does appear to magich

| will argue here that the Cohesion concept of Eg®eaims at the Real essence of species, and
not the Nominal. | also contend that previous réespecies concepts, although earnest in their
aims, end up hitting upon Nominal essences of spedis | have argued before, this is because

of the existence of residual “attitudes” towarde@es which we have inherited from the past.
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One of these “attitudes” is a kind essentialismwinch we seek to find a set of criteria that we
can use to bestow species-hood upon a certain gtogulor groups of populations. The
Aristotelian version of this was the seeking oftaer characteristics of organisms which are
essential to its being that thing. In more modemes, despite explicit efforts to reject it, kind
essentialism crops up in the form of operationalisfinitions of species. So, the essential
characteristic of a species under Biological spewiew is that its members interbreed (or can
potentially interbreed). This is thought to be esis¢ to what gives that species its unique
species-ness. The temptation to look upon this asweflective of a Real essence exists because
it is a causal definition. But, as | have arguedvmusly, the rejection of other possible main
causes of evolution means that the definition bexotautological and operational, and so begins

to resemble essentialism in the Aristotelian sense.

The Cohesion concept itself, to be clear, is a gipessentialism, though not in the Aristotelian
sense. Again, Locke’s distinction makes this cleaérict definitions of things (Essences) are,
for Locke, always Nominal. That is, they follow theage of the word, and not the underlying
causes which make something what it is. We carnmot g the Real essence of a thing in terms
of an explicit definition. As soon as we do this ar® committed to a nhominal description. So,
for Locke, species definitions like the Biologiacaie, or the Mate Recognition one, are always
nominal as they get at definitions of words, and th@ things themselves (the underlying
causes). Such definitions are based on things wiwiglhcan observe (I would extend this to
measure, too). On the other hand, the Cohesionepbraims at the Real essence of species. It
does away with the existence of a set of critevradiefining a species, and looks to the causal

mechanisms which are responsible for giving thacss its perceived Cohesion. Each species
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‘essence’ must be found empirically (moving frore gtandpoint of the dominant theory, which
is at this time evolutionary theory). Thus eachsé&we’ for each species will be unique. Of
course, limitations do exist, as with Nominal esssn we are still constrained by what we can
observe. We can mitigate these difficulties, howgelg positing unobservable theory, which is

precisely what the Cohesion concept does.

9. Essentialism, Individuals, and the Real Essence

The Cohesion concept of species is, as | have oredibefore, an essentialist doctrine. It is not,
however, essentialist in the same sense that Mlastogued for it. The essentialism | argue is
inherent in the Cohesion concept is a causal aaient, one which we can be understood as
similar to Locke’s conception of the Real essemcdhis chapter | will be making the case for
why the Cohesion concept is essentialist. Nextjlimake a distinction between essentialism as
commonly understood in the literature, and the rgdesm | think best describes that found in
the Cohesion concept. | will then show how thiseasialism is not a weakness of the concept,
but rather a strength; how essentialism is a magood scientific practice and not bad. The kind
of essentialism which | propose in the followingapter has a great deal to do with causation,

and so | will need to say something about that, too

The Cohesion concept is essentialist becausemiildng claims about the underlying nature of
species. It is as simple as that, although nokgltiis not enough that it makes claims about the
nature of species, as claims about the nature efiep can be that they have no underlying

essence. The exact claim that the Cohesion comcepdking, however, is that there are various

57



underlying mechanisms involved in giving specieirthproperties, and therefore their
distinctness from other species. It is the restithese mechanisms interacting with each other
that ensure that a species remains distinct. Witsooh forces, and the interaction of these
forces, the species would fail to exist in its idist form. This is, clearly, an essentialist way of
thinking about species; there are certain properboefacts about the world, which are necessary

(essential) to the existence of such and such @ty.en

The way in which this type of essentialism difféi@m more common forms of essentialism, |
believe, can best be explained using Locke’s disbn between Real and Nominal essences.
Locke was an anti-essentialist in the AristoteBanse. Traditionally, Locke has been understood

to be opposed to the idea that entities in thedvaalve any essence:

That essence, in the ordinary use of the word (my emphasis), relates to sorts, and
that it is considered in particular things no fartthan as they are ranked into sorts,
appears from hence; that take but away the absitaets by which we sort
individuals, and rank them under common names tlaexl the thought of anything
essential to any of them instantly vanishes: weehav notion of the one without
the other; which plainly shows their relation. dtnecessary for me to be as | am:
God and nature has made me so: but there is nothinaye is essential to me

(Locke 1690).

He also goes on to say:
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An accident or disease may very much change myucao shape; a fever or fall

may take away my reason or memory, or both (Lo&&0}1

Locke is here talking about essence in the ordinagyof the word, that is, as | understand it, the
Aristotelian sense of the word. There are no pitigrwhich an individual has which are

essential to it in this way; that is, propertiedahhare perceived through direct observation.

None of these [properties] are essential to theasrtee other, or to any individual

whatsoever, till the mind refers it to some sorspecies of things (Locke 1690)

For Locke, properties of things are only esseragafar as we divide them into classes. These
classes are nominalistic and man-made, and therefair essential to their existence or to their

nature.

All of this may seem to contradict my assertiort the Cohesion concept is essentialistic as well
as real. Surely an essentialist concept of speaiesot claim to be real if no property of things is
real? Not so if we see the Cohesion concept asrirgfeto underlying, causal properties of

species, and not simply the properties expressedlimidual organisms. Locke speaks of this as

the Real essence of a thing, and places it in oppoto the Nominal essence. Still, Locke did
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say that Real essences belonged to types of tamdsever individuals. So, while the Nominal
essence of gold might be a substance of such adasoolour and such and such a weight, the
Real essence (that thing which causes, or givedeoithese properties) still belongs to the whole
class of gold, and individual instances of gold éhan essence. This is a contentious issue,
namely for the status of individuals in relationgssences. It is an important consideration for
myself and this thesis as my claim is that spearesindividualsand they have essences. Some

have interpreted Locke as being open to this idedones says:

On the other hand, if real essences are only feedandividuals, then there are no
real essences for individuals until we have claithem by a nominal essence;
until an individual is sorted, it only has an imtak constitution, not a real essence.
If one adopts the relativized real essence int&pon of theEssay, then there are
no real essences for unsorted individuals. If, heteone adopts the unrelativized
real essence interpretation, then it appears fdestfilat Locke could think that
unsorted individuals have a real essence and rsitgn internal constitution.

(Jones; 2013).

| tend to agree with Jones’s unrelativized reaémss interpretation, but | would go further than
that and argue that Locke probably would have esatba view of unsorted individuals having
real essences had he been privy to a lot of mgal@tasophising on individuals. Denying that an
individual can have a real essence places themurkyrontological water. Surely, if a real
essence is something which gives a thing its thiegs, and is independent of our knowledge of

it (indeed, real essences are, according to Lotlastly unknowable), it wouldn’'t make sense
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for it only to exist in conjunction with a nominaksence. Surely it must exist independently.
Even conceding that not all individuals are essdesg only unsorted ones, the sorted
individuals only receive an essence in as far ag tielong to a type, and not in terms of their

numerical uniqueness. How is it that Locke deatk widividuation if not through essences?

9.1Individuals

An individual thing can only be pointed to. Thisabat distinguishes them from classes. Classes
are groups of things which share certain commompgnees or characteristics. Classes can be
grouped according to properties which are not, égessity, contained within the group; that is,
they can be defined in a non-circular way. In auging of vehicles all possessing the colour
white and named “Bright Cars”, we have an indepandefinition of the colour white, which
we can then look for in other cars to see whethey fit into the group termed “Bright Cars”.
With individuals, there is no no-circular way offiéng them. There is no way one could
comprehensively outline every property of an indal, and then understand that collection of
properties without explicit reference to the indival itself. An exhaustive list of properties for
an individual thing cannot be the essence of thdividual, because in outlining these properties
we have simply re-described the thing itself. Tikisimilar in many ways to Locke’s distinction
between simple and complex ideas. Simple ideas ¢tome through experience only. We cannot
define such ideas as, according to Locke, a defmis “the showing the meaning of one word

by several other not synonymous terms.” (Locke 2004

We haven’t got the cause of why that thing is ddtirom other things. For instance, one could
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try to define me by saying “Russell is a male ofy2érs old, born in Durban on such a date, with
blood type x, height y, weight z, to such and spafrents, with the following moral code, having
experienced such and such an experience on suchuahda date...” until you have exhausted
every property of me (assuming such a thing is exrceptually possible). One would still not

have arrived at my essence. This collection of erigs is not what causes me to be mis,nte.

Locke was anti-essentialist in the sense that hieveel that we cannot know what the real
essence of an object or type is. That is, we caknow the deep internal constitution of an
object which gives it its properties. Locke’s skeisin is epistemic, not ontological, and he
admits himself that all things must have some kihdssence; something which gives them their

being:

[An essence] may be taken for the being of anytkvhgreby it is what it is. And
thus the real internal, but generally. . . unknowanstitution of thing whereon their

discoverable qualities depend, may be called #ssence. (Locke 1928)

The problem is, according to Locke, that we carkmmtw what these things are (or rather, we
cannot observe them, so we cannot use them in lassifications). | have spoken at length
already about the importance of unobservablesenfahm of theory, and it is my feeling that
unobservables such as these provide a sufficiéigdoto making Locke’s real essences a viable

way of approaching classifications. A successfigrdic theory provides a causal explanation
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for the way things are, thus giving us a way intreal essence. The epistemic problems that

Locke faced at the time are greatly diminished yoda

Essentialism, as | have argued before, stems fromd gcientific practice, not bad. Aristotle’s
essentialism, whilst outdated, made use of hisetpporary understanding and theories about
the world. He did the best he could with what hd.@ne reason for the abandonment of theory
and causation and the embracing of phenetics aerp&ladism in the biological sciences, was
the need to reject a certain kind of essentialismfcropping up in our scientific practice. It was
thought that positing any kind of theory in oursddication of the natural world was done a
priori, and therefore, in many ways, at random. fbed for a classification system based purely
on empirical methods was what was apparently nedéesentialism, however, is not the enemy
here, if, like | have said, we seek out the reakeses as posited by Locke. Such essences are
only attainable, however, through the introductodtheory, which gives us a causal explanation
for the way things are. Essentialism of this kiachecessary if we want to avoid the pitfalls of

other approaches such as extreme micro reductioligCet al. 1996)

The gist of my argument defending naturalized nfegags is that we should not throw out the
impulse to introduce theory; rather, we should asnitve theories. The alternative, as history has

proven, leads us down paths which are not useful

So, what are the relevant causes involved in giaiisgecies its distinct-ness from other species?
It is important to remember here that differentssmuapply to different types of things when it

comes to individuation. For instance, for most ptglsobjects in the world, their particular
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spatio-temporal properties give us the ability istidguish between them. For other things in the
world (say, consciousness, or personality), spamoporality gives us very little to go on.
Likewise, in order to individuate species, we mistclear about the relevant causes of their
distinctness. In this case, as | have stated pusiyipthey are the various mechanisms relevant to
the theory of evolution. It is this cause, whialinen (or if) discovered gives us the Real essence
of that thing. We discover the essence of the idda once we have embarked on empirical
research. Of course, it may be the case that ihg th question has no Real essence, and is
therefore not a distinct thing at all, or perhajishas a certain degree of distinctness or
individuality. We must start from the position oygothesis about observed entities and then
seek to find the causes which give it identity. 8omes we may find that there are no real,

causal forces behind its identity, and so its atter&ation is purely nominal.

Conclusion

As can be seen from the preceding arguments, speareepts are ubiquitous and varying and
because of this a great deal of confusion abouvigsolution is to adopt a naturalistic approach
to metaphysics, and adopt a species concept (thesitm concept) which is mindful of actual
scientific theory. There are a number of differfemtes involved in the process of evolution; a
process which drives the increasing diversity weisghe living world. A suitable species
concept must bear all of these processes in mestiwe fall into the trap of defining species in

an unhelpful way.

64



References

Amundson, R., 1994. Two Concepts of Constraint: pdgi@onism and the Challenge from

Developmental BiologyPhilosophy of Science, 61(4) pp.556-578.
Ariew, A., 1996. Innateness and Canalizati®hilosophy of Science, Vol. 63 pp.S19-S27.

Arshinov, V. & Fuchs, C., 2003. Causality, Emergen8elf-OrganisatioriMoskau: NIA-Parioda. S,

pp.131-149.

Baetu, T.M. 2012. Mechanistic Constraints on Evohary OutcomesPhilosophy of Science, 79(2),

pPp.276-294.

Barker, M.J. 2007. The Empirical Inadequacy of $gecohesion by Gene Flowhilosophy of

ience, 74(5), pp.654—665.

Baum, D.A., 1998. Individuality and the ExistendeSpecies Through TimeSystematic Biology,

47(4), pp.641-653.

Bond, J.E. & Stockman, A.K. 2008. An Integrativethiad for Delimiting Cohesion Species: Finding
the Population-Species Interface in a Group of f@alian Trapdoor Spiders with Extreme

Genetic Divergence and Geographic StructurBygtematic Biology, 57(4), pp.628-646.

Chalmers, D.J. 2006. Strong and Weak Emergencehdneemergence of emergence, P. Clayton

and P. Davies (eds.) Oxford University Pre$¥)6pp.244—256.

65



Chang, Hasok, "OperationalisnThe Sanford Encyclopedia of Philosophy (Fall 2009 Edition),
Edward N. Zalta (ed.), URL =
<http://plato.stanford.edu/archives/fall2009/ergfogperationalism/> [Accessed October 16,

2013].

Collier, J. 1986. Entropy in EvolutioBiology and Philosophy, 1(1), pp.5-24.

Collier, J. 2008. Information in Biological Systems Philosophy of Information. Amsterdam, the

Netherlands; Boston: North Holland.

Collier, J. 2010. A Dynamical Approach to Identignd Diversity in Complex Systems. In

Complexity, Difference and Identity. Springer, pp. 79-93.

Collier, J. 2010b. Prospects for Reconciling Ssellalorld Images.South African Journal of

Philosophy. 29(4): 343-356.

Collier, J., 2011. Kinds of Information in SciemntifUse. TripleC: Communication, Capitalism &

Critigue. Open Access Journal for a Global Sustainable Information Society, 9(2), pp.295-304.

Collier, J., 2003 Organization in Biological Syseem Available at:

http://web.ncf.ca/collier/papers/bio-organizatiomddow.pdf [Accessed March 14, 2014].

Collier, J.,  (unpublished) Emergence in  Dynamical yst8ms. Available at:
http://www.academia.edu/download/30521870/Emergenc®ynamical_Systems.pdf

[Accessed October 9, 2013a].

Collier, J, Review of the Cohesion Concept of Spegpt. Available ahttp:/web.ncf.ca/collier

[Accessed August 13, 2010].

66



Collier, J., Wiley, E.O. & Brooks, D.R., 1996. Bgithg the Gap Between Pattern and Process.

Between Order and Chaos. Studies in Non-Equilibrium Biology.

Collier, J., 2003. Hierarchical Dynamical Infornmati Systems with a Focus on Biolodsntropy,

5(2), pp.100-124.

Cracraft, J., 1981. The Use of Functional and AdepCriteria in Phylogenetic Systematics.

American Zoologist, 21(1), pp.21-36.

deVries, Willem, "Wilfrid Sellars"The Sanford Encyclopedia of Philosophy (Fall 2011 Edition),

Edward N. Zalta (ed.), URL = <http://plato.stanf@diu/archives/fall2011/entries/sellars/>.

Dupré, J., 2004. Human Kinds and Biological Kin8sme Similarities and Differencehilosophy

of Science, 71(5), pp.892-900.

Dupré, J., 1981. Natural Kinds and Biological Takae Philosophical Review, 90(1), pp.66—90.

Dupré, J., 1983. The Disunity of Scienbind, 92(367), p.321.

Emmeche, C., Kgppe, S. & Stjernfelt, F., 1997. Bxkphg Emergence: Towards an Ontology of

Levels.Journal for General Philosophy of Science, 28(1), pp.83—-117.

Ereshefsky, Marc, "Speciesthe Sanford Encyclopedia of Philosophy (Spring 2010 Edition),

Edward N. Zalta (ed.), URL = <http://plato.stanf@d/archives/spr2010/entries/species/>

Ereshefsky, M., 1998. Species Pluralism and AntdRe. Philosophy of Science, 65(1) pp.103—

120.

Ereshefsky, M., 1992 he Units of evolution: essays on the nature of species, MIT Press.

67



Gabbay, D.M., 2011Philosophy of complex systems, Oxford; Waltham: North Holland. Available at:

http://www.sciencedirect.com/science/book/9780404%D [Accessed October 9, 2013].

Ghiselin, M.T., 1974. A Radical Solution to the Sigs ProblemSystematic Zoology, 23(4), pp.536—

544,

Ghiselin, M.T., 1987. Species Concepts, Individyaknd ObjectivityBiology and Philosophy, 2(2),

pp.127-143.

Gillies, D.A., 1972. Operationalisr®ynthese, 25(1), pp.1-24.

Godfrey-Smith, P. & Sterelny, K., 2008. Biologidalformation. In E. N. Zalta, edlhe Sanford
Encyclopedia of Philosophy. Available at:
http://plato.stanford.edu/archives/fall2008/entii@srmation-biological/ [Accessed October 23,

2013].

Grant, R., 2011. Naturalizing the Metaphysics oeSgs: A Perspective on the Species Problem.

South African Journal of Philosophy, 30(1).

Hull, D.L., 1978. A matter of individualityPhilosophy of Science, 45(3), pp.335—-360.

Hull, D.L., 1988. Science as a process. an evolutionary account of the social and conceptual

development of science, Chicago [etc.]: The University of Chicago Press.

Hull, D.L., 1969. What Philosophy of Biology is N&@ynthese, 20(2), pp.157-184.

Kincaid, H., 1988. Supervenience and Explanat@ynthese, 77(2), pp.251-281.

Kitcher, P., 1984 Philosophy of Science, Vol. 5b, B. pp. 308-333

68



Kuhn, T.S., 1977. Second Thoughts on Paradigm$hénStructure of Scientific Theories Frederick

Suppe (ed.). University of lllinois Press.

Kuhn, T.S., 1970.The Sructure of Scientific Revolutions. Second edition, enlarged., Chicago,

London: University of Chicago Press.

Kuukkanen, J.-M., 2006. Meaning Change in the Gdntd# Thomas S. Kuhn’'s Philosophy.

Available at: http://www.era.lib.ed.ac.uk/handle428.259 [Accessed October 9, 2013].

Ladyman, J Ross, D. Spurrett, D., Collier, J. 2@y Thing Must Go: Metaphysics Naturalized,

Clarendon Press.

Lee, M. & Wolsan, M., 2002. Integration, Individitgl and Species Concept®iology and

Philosophy, 17(5), pp.651-660.
Leplin, J., 1988. Is Essentialism Unscientifiétilosophy of Science, 55(4) pp.493-510.
Locke, John., 1690An Essay Concerning Humane Understanding, 2™ Edition. Thomas Basset.
Mallet, J., 2001. Concepts of Specigxyclopedia of biodiversity, 5, pp.427-440.

Mayden, R.L., 2002. On Biological Species, Sped@scepts and Individuation in the Natural

World. Fish and Fisheries, 3(3), pp.171-196.

Mayr, E., 1992. Species Concepts and Their Apptinatin The Units of Evolution: Essays on the

Nature of Soecies. Ereshefsky, M (ed.) MIT Press, pp. 15-25.

Mayr, E. & Provine, W.B., 1981. The Evolutionaryrtflyesis.Bulletin of the American Academy of

Arts and Sciences, pp.17-32.

69



Mishler, B.D. & Brandon, R.N., 1987. IndividualityRluralism, and the Phylogenetic Species

ConceptBiology and Philosophy, 2(4), pp.397-414.

Nanjundiah, V., Waddington. C.H 2010, Canalisatiand Genetic Assimilatiofikesonance 15(6)

Springer-Verlag pp. 503 - 513

Paterson, H.E., 1980. A Comment on “Mate RecogmiBgstemsEvolution, 34(2), pp.330-331.

Paterson, H.E.H. & McEvey, S.F., 199Bvolution and the Recognition Concept of Species:

Collected Writings, Baltimore: Johns Hopkins University Press.

Polanyi, M., 1962. Tacit knowing: Its Bearing onns® Problems of PhilosophReviews of Modern

Physics, 34(4), pp.601-615.

De Queiroz, K., 2007. Species Concepts and Spdaasnitation. Systematic Biology, 56(6),

pp.879-886.

Richards 2010The Species Problem, Cambridge University Press.

Richardson, R.C., 2000. The Organism in Developmemiosophy of Science, Vol. 67 pp.S312—

S321.

Rojas, M., 1992. The Species Problem and ConsernzaWhat are we Protecting2onservation

Biology, 6(2), pp.170-178.

Ruse, M., 1977. Karl Popper’s Philosophy of Biolo&ilosophy of Science, Voo. 44(4) pp.638—

661.

Sarkar, S., 1992. Models of Reduction and Categafi&keductionismSynthese, 91(3), pp.167-194.

70



Sellars, W., 1963. Philosophy and the Scientifi@gm of Man.Science, perception and reality, 2,

pp.35-78.

Shapere, D., 1989. Evolution and Continuity in 8tfec Change Philosophy of science, Vol. 56(3)

pp.419-437.

Smith, J.M., 2000. The Concept of Information imBgy. Philosophy of science, Vol. 67(2) pp.177—

194.

Sober, E., 1980. Evolution, Population Thinkingd &ssentialismPhilosophy of Science, Vol. 47(3)

pp.350—383.

Stamos, D.N., 2003pecies Problem: Biological Species, Ontology, and the Metaphysics of Biology,

Lexington Books.

Stanford, P.K., 1995. For Pluralism and AgainstiReaabout Specie$hilosophy of Science, Vol.

62(1) pp.70-91.

Templeton, A.R., 1989. The Meaning of Species goecktion: A Genetic Perspectivihe Units of

Evolution Ereshefsky, M (ed.(Cambridge: MIT, 1992), pp.159-83.

Tremblay, F., 2013. Nicolai Hartmann and the Metajital Foundation of Phylogenetic Systematics.

Biological Theory, 7(1), pp.56-68.

Turing, A.M., 1950. Computing Machinery and IntgnceMind, 59(236), pp.433—-460.

Tyre, A.J., Possingham, H.P. & Lindenmayer, D.BOQ2. Inferring Process from Pattern: Can
Territory Occupancy Provide Information About Lifélistory Parameters?Ecological

Applications, 11(6), pp.1722-1737.

71



Waddington, C.H., 1942. Canalization of Developmamd the Inheritance of Acquired Characters.

Nature, 150(3811), pp.563-565.

Wiley, E.O., 1981.Phylogenetics. The Theory and Practice of Phylogenetic Systematics 1st ed.,

Wiley-Liss.

Wiley, E.O. & Brooks, D., 198&volution as Entropy: Toward a Unified Theory of Biology 2nd ed.,

University Of Chicago Press.

Wilson, R.A., Barker, M.J. & Brigandt, I., 2009. \&tm Traditional Essentialism Fails: Biological

Natural Kinds Philosophical Topics, 35(2).

72



