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Abstract: It is often claimed that species are the units of evolution, but this is not defined or clearly explained. In this paper I will argue that species are phenomenal objects that stand in need of explanation, but that they are not objects required by any theory of biology. I further define, or rather describe, species as the genealogical cluster of various lineages at the genetic, haplotype, genomic, organismic, and population level, in keeping with my previous discussions.

The nature of “species”

It is really laughable to see what different ideas are prominent in various naturalists’ minds, when they speak of “species;” in some, resemblance is everything and descent of little weight—in some, resemblance seems to go for nothing, and Creation the reigning idea—in some, descent is the key,—in some, sterility an unfailing test, with others it is not worth a farthing. It all comes, I believe, from trying to define the undefinable. [Darwin to Hooker, 24 December 1856 (Darwin 1888: , vol. 2, 86)]

Species: A term which everybody thinks they understand, but which nobody agrees upon, to denote the “basic units” of groups of biological organisms.

A lot of people have said something like “species are the units of evolution”; it is even the title of a well-known book of essays on the subject (Ereshefsky 1992). What does this even mean? So far as I can tell, nobody has really fleshed this out. I intend to argue that species are salient phenomenal objects rather than objects of any biological theory, let alone of evolutionary theory.

What, to begin, are the units of evolution? It depends a lot on what theory in biology pertaining to evolution is being employed. If you are talking about population genetics, then the basic unit is, of course, the allele (and the locus). That is, alternative genes (gene being a concept that is itself rather problematic Stotz and Griffiths 2004; Stotz, Griffiths, and Knight 2004) at a given point or position on the genome. If you are talking about development, then the unit is the organism, as it also is when you are talking about ecological interactions, although “species” is used as the term for a class of ecologically exchangeable organisms; that is, organisms that play the same role in the local ecosystem. Although organisms are pretty well all individually different (which is the point of population genetics), for the purpose of trophic webs (the food webs of ecology), conspecifics are treated as being interchangeable elemental units.

Then there are the larger units of evolution: populations, and the particular revision of that concept, the “deme” (Winsor 2000). A deme is largely the population that can interbreed – the term in the equations of population genetics is Ne, the effective, or reproductive, number of individuals. But nonbreeders also play a role in many species in contributing to the fitness of their kin, by helping raises them, or finding food. While population is itself somewhat fuzzy (Gannett 2003) – the more migration there is between two (sexual) populations the more they start to look like a single population – it is a theoretical object (Haldane 1930).
 But species? I am aware of no biological theory that requires them. Having made that outrageous claim, I had better explain what I mean before I am attacked by roving bands of disaffected taxonomists.

Yes, ecologists and conservation biologists use species, but what they are really doing is using field guides as a surrogate for the ecological roles (trophic nodes) that individuals of the species who are more or less normal – the “wild type” – play in an ecosystem. Likewise, medical and biological researchers do the same thing with their model organisms. Mus musculus, or the common mouse, is used as a study organism because it is assumed that each individual member of that species shares the same properties (developmental cycles, phenotypes). But in practice they use “strains” that are specially bred to see the effects of gene knockouts, for example. The “objects” here are the genetic strains and the organisms.

Systematists “use” species because they describe them, but the explanations they give of species being species are manifold. The notion of a “gene pool” or “metapopulation” is the foundation of one such explanation (de Queiroz 2005, 2007). But the theories used, the explanations, are not theories of species; they are theories of gene exchange, reproduction, fitness, adaptation, and so on. Species are being explained. They themselves do no work in explaining.
 One possible exception is the work species do in “species selection” theories 


(Grantham 1995; Lloyd and Gould 1993; Rice 1995) ADDIN EN.CITE , but it is arguable whether these actually are theories as yet, and equally arguable whether the properties that are “theoretical”, which play a role in causal explanations, are those of species, populations within species, or of the individual organisms or kin groups. If species selection is taken to mean that species whose members have a particular property (like eurytopy, or specialisation) tend to speciate more often, then “species” in this sense is merely a mass noun, or sortal (Grandy 2008).

So, there are two ways we might go if species aren’t theoretical objects. One is that we may deny that species exist, and a lot of people do this. I call them species deniers, because they deny that species exist, although the usual term is species conventionalists, or nominalists. A version of species denial is to replace the term species with some “neutral term”. Deme was one of these, but as Polly Winsor has shown (Winsor 2000), it got subverted by population geneticists for the meaning given above. Other examples include Operational Taxonomic Units (Sokal and Sneath 1963), Least Inclusive Taxonomic Units 


(Pleijel 1999; Pleijel and Rouse 2000) ADDIN EN.CITE , Evolutionary Significant Groups (Hey 2001), and so on. In each case, the term species came or is coming back into use.

Why is species so durable? The answer comes from not taking the term and concept as a theoretical term. Species is a useful term because species are real phenomena.
 That is, they are things that call for explanation, they are explicanda. The theories of biology explain why there are species, although not all the same theories for all species, of course. Biology is not that neat. Some species are explained the way the textbooks say – through the acquisition of reproductive isolating mechanisms formed in geographical isolation (Coyne and Orr 2004). Some aren’t. There are species formed by hybridization (Mallet 2007; Rieseberg and Willis 2007), by sexual selection (Ritchie 2007), and of course asexual or mostly asexual species that are formed, as I argue elsewhere (Wilkins 2007) by adaptation to niches.

If there is no general theoretical account of species, why do we have this category? Well, it might be because we tend to name things that look similar to us. This is what species deniers think: it’s all about us and our cognitive dispositions, not the things themselves. I don’t agree with this; there are some general features of species that license us calling them all species. So here’s the claim: Species are phenomenal objects. They are salient not [merely] because of our perceptual tendencies but because they do exist. They’re a bit like mountains. Each instance of a mountain is caused by definite processes, but they aren’t all caused by the same processes. We identify mountains because they’re there. We explain them with theories of erosion, tectonics, vulcanism, or even (if they are dunes) wind. Species are clusters of genomes, phenotypes, and organismic lineages. We explain them because they need explaining. A species is (roughly) where the lineages of genes, genomes, parent-child relationships, haplotypes, populations, and ecological roles all tend to coincide (cf. Mallet 1995). Not all of these need coincide in every case, but so long as most of them do, they are species, and we must give an account of them. And we can and do.

Phenomenal objects

A Scientific American essay on the definition of species (Zimmer 2008) has the following subhead:

The debate over species definition is far from over and is more than a mere academic spat. Proper classification is essential for designating the endangered list.

This is perhaps the most crucial aspect of the species concept debate, but it isn’t the most theoretically interesting. Biology, like most sciences, has a need for units of measurement, and like most sciences those units need to be grounded in the real world. So what species, the “rank” of biology that is agreed on most sides as the most or only natural one in the Linnean hierarchy, are determines many measures of biology in fields from genetics to ecology. If, as a significant number of specialists think, the rank is a mere convention (cf. Mishler 1999), then those measures become arbitrary and meaningless.

So, what sort of “unit” might a species be? I can think of three alternatives. One is that species are, in fact, simply a matter of convention, which is to say something that makes things convenient for us in communication, just as John Locke said in the Essay (Bk III, chap. V, §9; although that was about logical species, not biological species). Instead, say researchers like Paris polychaete specialist Frederick Pleijel and Rutgers geneticist Jody Hey, we need to replace the notion species with something like a “least inclusive taxonomic unit” (LITU, Pleijel) or “evolutionary group” (Hey). There are other replacement concepts in the offing. And the so-called “phylogenetic species concept” is not really a concept of species, at least in one of the versions under that name, so much as something very like a LITU that gets called a species 


(Agapow et al. 2004; Wheeler and Platnick 2000) ADDIN EN.CITE .

The second alternative is that species is a term that plays a theoretical role in biology, and this seems intuitively right: we talk about species as the units of evolution, so they are supposed to be required by evolutionary biology, and likewise in ecology, species are the unit that is crucial in defining the biodiversity of a region or ecosystem. But if species are theoretical objects, we ought to find them as a consequence of theory, not as a “unit” that we feed into theoretical or operational processes, and so far as I can tell, this is not the case. Population genetics and evolutionary theory have populations, haplotypes, alleles, trophic nodes, niches and so on, but what they do not have are species. In every case where species are used in theory, they are primitives, or stand as surrogate terms for the other things mentioned. Theory does not define species.

This might be challenged by adherents of Mayr’s biological species concept, or one of the derivative or related conceptions – a species is a protected gene pool, as Mayr said (Mayr 1970: 13). This is certainly the view of Coyne and Orr in their Speciation book of a few years ago (Coyne and Orr 2004). But as Zimmer points out, the vast bulk of life would not be in species if that were the case, and anyway, species were well described and identified long before genetics was developed, some two centuries before. So they must at least be things that can be observed in the absence of theory. Of course, some species are harder to identify than others, requiring techniques that are recent, but that still doesn’t make species theoretical objects.

This brings me to my third alternative: species aren’t theoretical objects at all; they are objects that have phenomenal salience.
 That is, we do not define species, we see them. Consider an analogous case: mountains. Mountains are hard to define, and they have a multitude of geological causes, ranging from uplift, subduction, vulcanism, differential erosion, and so forth. “Mountain” is not a theoretical object of geology – subduction zones, tectonic plates, and volcanoes are. A mountain is just something you see, although there are no necessary sets of properties (or heights) that mountains have to have, and it is often vague when differentiating between them. A mountain calls for an explanation, and the explanation relies on theory, but equally so do mesas, land bridges, and caves.

So my answer to the question: what is a species? is that a species is something one sees when one realizes that two organisms are in the same one. They are natural objects, not mere conveniences, but they are not derived from explanations, but rather they call for them.

Speciation modes

To elaborate on this, consider the modes of speciation that are appealed to in order to account for the existence of species. Here is a list taken from Sergey Gavrilets (2004), with commentary from my 2007.

Vicariant – divergent selection and stochastic factors like drift after division of a population by extrinsic factors such as geographical changes;

Peripatric – a small subpopulation, mostly isolated, at the extreme of the parent range. The idea is that it will have both a non-standard sampling of alleles, and also be subjected to divergent selection pressures in extreme environments (for that species);

Centrifugal – central populations that carry a sample of many alleles that become isolated through, say, “island” formation (such as the mountain “islands” in the Amazon);

Punctuated equilibrium – the appearance of relatively rapid speciation and subsequent stasis as the population reaches equilibria of alleles. In my opinion, Gavrilets inappropriately included this “mode”, for it is a “pattern” rather than a “process” (or “event”) of speciation, and as such can be caused by any of the other scenarios/modes;

Chromosomal speciation – the rearrangement of chromosomes, either by duplication or insertion, fission, fusion or inversion;

Hybridization – the fusion of two genetic lineages, usually from distinct species, including allopolyploidy. In allopolyploidy the genetic complement of two species is paired up by a loss of secondary division, giving a symmetrical set of chromosomes;

Reinforcement – once hybrids are of lowered fitness for whatever reason, selection will tend to reinforce separation of the gene pools (for example, a hybrid rock and grass dwelling lizard might be less able to survive in either environment as well as the “pure” lines);

Competitive – this is Darwin’s scenario. Members of a species that are in strong selection for a limited resource may result in specialized forms that are thus in less competition with the ancestral forms that make use of some other resource;

Clinal/ecotonal – Gavrilets calls it “speciation along environmental gradients”, where limited migration and selection leads to aggregation of forms at the terminal ends of the cline;

Host shift – this is the case of the Rhagoletis fruit flies mentioned above, that Stuart Berlocher (1999; 2000; 2002) and colleagues have studied. Host fidelity replaces geographic isolation;

Runaway sexual selection – this is secondary selection by mate choice of polygenic traits (Lande 1981).

In that paper, I located each of these modes (except punctuated equilibrium) as a unique coordinate or region in a three-dimensional space, the axes of which are:

Gene flow – the rate of migration between populations, or the amount of genetic material exchanged in a mating event, from none to 50%;

Selection – the degree to which selection is endogenous to the organisms (such as climatic selection, say on the Souay sheep or the finches of the Galápagos Islands), or is intrinsic to the organisms (such as mate choice or immunological compatibility); and

Stochasticity – which is basically whether selection is directional or stabilising, or whether the rate of change of the genetic constitution of the population is due to genetic drift and other stochastic “forces”.
Now, suppose we have a species of flowering plant. It buds off a new species due to climatic and pollinator adaptation, with no exchange of genes between populations. In binary terms, its coordinate would be 0,1,1. That is the explanation of that species in terms of how its speciation occurred. If it is in sympatry (shares a geographical range) with its parental species, it must have adaptations that prevent competitive exclusion, and so remaining a species, rather than merging back into the parental metapopulation, is due to selection for those niche adaptations.

This, it need not be said, will not be true of species that occupy other regions of “speciation space”. That plant species has its own explanation, and its own phenomenal reality. We know it is a different species simply because introgression and hybridization are inhibited, and competitive exclusion does not occur because parent and child species occupy different points of the fitness landscape. But is this sort of species (which may have formed in isolation from the parental species) required by any theory of speciation or evolution, or biology in general? And generalizing, is any type of species so required? The answer is, no. Simply put, if it merged back into the parental species, it would not be identified as a species itself, but as a variety (and maybe a fairly ephemeral one at that).

What we have is a post hoc phenomenon. If it is distinguished by its genetic and ecological properties, however acquired, then it is a species. If it isn’t, then the issue doesn’t arise. This is a bit like weak anthropomorphism – any universe that lacks humans isn’t going to be discussed by them, but you cannot make the inference that there is something special about human-occupied universes simply because we are here talking about them. Similarly species – if one is separate from other species (in its own unique and contingent manner) then it is a phenomenon that demands explanation, but if it doesn’t, the theories of population genetics, developmental biology, ecological interactions and the like all continue on apace. Post hoc explanation is not an illicit move in science; it can’t be, because one of the major roles of a scientific theory is to explain what is observed. But that doesn’t imply that all the phenomena are theoretically significant, just that they interest us enough for them to call for an explanation.

Theoretical objects

There is a school of thought that treats scientific ontology in a domain as basically the values of bounded variables of the best theory of that domain (i.e., Quine’s “to be is to be the value of a variable” Quine 1953: and the subsequent development of that view). In this case, species would be theoretical objects if they were such values of variables of a theory, but they aren’t. So we need to establish what sort of ontology they, and other phenomenal non-theoretic objects, may have.

Consider planetary orbits. They were observed and debated for a very long time before Newton proposed a general physics that accounted for them (and made predictions about them). But in so doing, Newton demoted these orbits from theoretically important objects to special cases of larger and more universal physics. “Planetary orbit” is a special kind of astrophysical dynamics, one which aperiodic comets, entire star systems, and even entire galaxies all obey. Even if no orbits actually existed (and we can perhaps envisage this in some universe) under this physics, the movements of objects would be still covered by Newtonian dynamics. Orbits therefore are not theoretical in that sense (see next section). Likewise species. They obey, and when they occur are post hoc explained by, the biology of populations, interbreeding, selection, drift, and so on. But they are not themselves theoretical objects, any more than planetary orbits are in physics. Species occur, and are explicable in a multiplicity of ways, but they do not follow formally from any theory of biology.

My general characterization of species is that they are the nexus of the coalescence of genes, haplotypes, parent-child lineages and so on, at or about the same level. In abstract terms, species are these coalescences that are distinct from other such coalescences, something I have called the synapomorphic conception of species (in my 2003), and each and every one has a general set of properties and modes of speciation, and a unique set of these that only they have (the synapomorphies, or shared characters, which are causally active in maintaining separation). Because each species is a unique historical event, that makes the modality as I have called it, of each species, something that they will tend to share only with those taxa they are closely related to, just as liberal democracies resemble each other because they tend to be derived from a common source.

Traditionally, something was a theoretical object, that is, an object that was only theoretical, if it was something that the theory required or employed but which was not empirically ascertainable. Examples were “electron” c1920, “gene” prior to 1952, and perhaps still “Higgs boson” for reasons that I do not understand. But this is a positivist sense of theory – a formal system in which objects are either verifiable or not. Whether or not one is now a logical empiricist instead of a logical positivist, objects are much more nuanced than that.

There have been several proposals for what makes an object “theoretical”. To begin with, calling an object theoretical is not to cast doubt upon its reality. That is the old conflation of vernacular uses of the word “theory” (and possibly also cultural uses) with the scientific sense. To avoid that confusion let me note that to call something a “theory” in science is to give it the highest possible status as a concept or explanation.

But within philosophy, there seem to be a few major views on the matter. So far as I have encountered them, let me list and explicate them. The first is that of Quine. Something exists just to the extent that our best theory of a given domain requires them. The slogan is “to be is to be the value of a bounded variable” in some formal model (Quine 1953: 15). On this view, species are simply not theoretical, and indeed do not exist, because if I am right that no theory of biology requires species, then they are never the value of a bound variable in any model of biology.

There is another, similar, but not so restrictive view: that of “Ramseyfication”. On this account, what a theory requires is based on a formalisation – a “Ramsey sentence” 


(Psillos 2000; Psillos 2006b; also called a “Carnap-Ramsey sentence” or a “Ramsey-Lewis sentence”, see Koslow 2006) ADDIN EN.CITE  – of the theory. Objects are held to exist so long as they are represented either by primitive terms (values of variables, or constants) of the theory or combinations or derivations of those. A primitive here might be something empirical, so that species might be primitives of biological theory, but are not themselves explained by it. I think this is not the case with species, because in every such case of which I am aware, one can replace “the species X y” used with something like “a local population of X y” or “organisms that behave in such a way, which is typical of X y” for functional accounts such as ecological ones. In other words the species X y is replaceable with objects that the theory actually employs. The Ramsey approach, sometimes also called the “Canberra Plan” (Jackson 1998), treats these objects as non-objects. Sometimes this is played out as “Structural Realism” in which a theory as a structure is true (Psillos 1999, 2006a), but the objects it poses that are “unobservable” may or may not be real, so long as the theory is empirically adequate in other ways. This is irrelevant here.

So, my question is this: what makes an object theoretical and are there other roles objects and their representation play in science? For my view to work, it must be that there are objects that are described by the theory, which in the domain of that theory have a certain coherence or unity as objects. Mechanisms, like geology’s tectonic drift, are obviously theoretical in that sense. But mountains are more difficult. Mountains are real things, but the category as a whole lacks theoretical coherence. That is, a mountain has no theoretical place qua “mountain”, but as a particular mountain, say, Mount St Helens or the Matterhorn, it calls for explanation.
 I call these phenomenal objects. Like sand dunes they are real things – if you have to map them, travel around them, or climb over them, they are as real as anything can be,
 but the choice of demarcation between peaks can be conventional or even just something that perception hands to us on a plate. Nothing in theory demands that this particular mountain exists, nor even that there are mountains. On a planet with no tectonics, after a reasonable period, there may be no mountains.

Species are like that. They are phenomenal objects, real facts about the world, which we perceive rather than define. Of course, this makes them relative in a way to the rules and capacities of perception. If we have poor vision, we might not “perceive” mountains until we had telescopic surveyor’s sights. Once we have that technology, though (which, note, doesn’t rely upon the theories of geology) we do see mountains. Similarly, we may need to use all kinds of assay techniques to see species, but when we have them they are seen.

An example I much like to use is the discovery by Murray Littlejohn of the different species that had previously been called Rana pipiens, the “leopard frog” of the southern United States (Littlejohn and Oldham 1968). The leopard frog is a widespread species, and Littlejohn was using a new piece of equipment designed for speech therapy – the sonograph – to graph the mating calls of these frogs. He discovered that there were a number – up to six (although new species have since been identified: Platz 1993) – distinct mating calls. Since mating calls in amphibians are highly species-particular, Littlejohn proposed that this was in fact a species complex, in which morphology and ecology were indistinguishable, but that mating was restricted within the mating call groups, and these were species. Subsequent work proved this to be the case. The differentiation was always there, but you needed the right assay technique.

This is not species being “constructed” or any other bad “postmodern” nonsense. While the concept we have of those species is being constructed (and reconstructed as new evidence comes in), the concept refers to, or denotes, realities, and those realities are either of classes of things that are theoretical, such as populations, haplotypes, genes, developmental sequences or cycles, and so on, or of things that are not required by the theory. Such are species. When we construct a concept, we are learning about the things we describe. It’s like finding that Everest has a hitherto-hidden peak that is even higher. Our concept of Everest changes, but the thing itself was already as it is.

The implication here is that theories are not all that is going on in science. Objects in a domain exist prior to the demarcation of the domain, or are not objects we infer from the theory – traditional philosophy of science (and by implication of language) has ignored three quarters of what is going on in science. Classification and passive observation still occur. So that’s why I say species aren’t theoretical objects, but are phenomenal ones. As a take-home exercise to the reader, try to imagine under which conditions organisms like ours wouldn’t form species at all.

So, what are species?

First of all I’d like to disagree with the entire way the debate has been framed over the past 150 years or so and state this: There is only one species concept (Wilkins 2009b), that which Mayr unhelpfully called the species category. That is to say, there is only one concept that we are all trying to define in many ways, according to both our preferred theories of how species come into being and maintain themselves over evolutionary time, and what happens to be the general case for the group of organisms we have in our minds when we attempt our definitions. The former case is what we might call theoretical conceptions of species, where a “conception” is a definition of the word and concept of species. The latter are the prototypical conceptions of species. If you work in, say, fishes, then your conception of species has to deal with the usual facts about fishes. If you are a fern botanist, then those organisms set up your prototype. And the debate over what species are has been driven by differing prototypes as much as by different theories of speciation.

Elsewhere (Wilkins 2009a), I list some 26 conceptions of species in the modern (post-Synthesis) literature, to which one can refer to find the various proponents and their original publication. I am going to focus now on a few basic ideas that underlie nearly all of these. The first concept is based on reproductive isolation.

Since the Synthesis of genetics and Darwinian evolution was formed in the period from 1918 to 1940 or so, the ruling notion of species generation (speciation) was based on the criterion of sexual populations that are isolated from each other, so that they evolve in divergent ways, leading to populations that, when they meet, if they do, in the same range, they no longer tend to interbreed, and their gene pools are now distinct over evolutionary time scales. The conception of species that the Synthesis adopted as a result of this genetic-evolutionary view is sometimes misleadingly called the biological species concept (or BSC). It is called this because it was contrasted to the practices of museum taxonomists, who identified species based on differences in the morphology of captured or collected specimens. This was held to be a sterile methodology where the data was more in the heads of the taxonomists than in the real world. Hence, the BSC was biological, while the museum approach was conventional (due to the conveniences of the taxonomists). But the leading idea of the BSC is not that things live, or that they are in messy populations, although that is part of it, but rather that these populations are reproductively isolated from each other. So I prefer to call this conception the Reproductive Isolation Species Conception (RISC), or “isolationist” conception for short. There are several versions of it, but the basic idea – that something inhibits interbreeding when they meet – is common to them all.

Criticisms of the RISC began early (Ehrlich 1961; Sokal and Crovello 1970). For as start, it was observed that there was a disconnection between the theoretical justification for the RISC, and the ways in which taxonomists who adopted it did their taxonomy. To be sure that you have a RISC taxon, you really need to do breeding experiments to be sure. Many quite diverse morphs in, say, butterflies, that were identified as distinct species in the 19th century, turned out to be different genders of the same species. “Aha!” said the isolationists, “This is a failure of the morphologists.” But when similar cases occurred and were found to be different genders before the Synthesis, these so-called “morphologists” had no problem with making them the same species on that ground. It was understood that form was only a guide to the underlying biological reality, not an end in itself nor a constitutive essence. Worse, the isolationists themselves nearly always used morphology to identify their species. Breeding experiments, even when they are technically possible, take enormous time and resources, which nearly all the time we don’t have. So while theoretically isolationists are basing their work on reproductive isolation, practically they are doing just what their supposed mistaken predecessors did. This might lead us to think that the older workers weren’t so silly after all. RISCs include genetic clustering accounts, “lock-and-key” mating system accounts, and so on (Littlejohn 1969; Coyne and Orr 2004).

The second of our broad classes of conceptions of species is based on ecological isolation, and is often called the Ecological Species Conception. This goes back in one form or another to Wallace and Haeckel and possibly Linnaeus. However, it got currency in modern times when another Swedish botanist named Göte Turesson did some studies during the 1920s of plant morphologies in different ecological conditions 


(Turesson 1922b, 1922a, 1925, 1927, 1929, 1930) ADDIN EN.CITE . Turesson coined the term ecotype to describe these differing morphologies. He distinguished between ecotypes and ecospecies, which were populations prevented by adaptation to a particular ecological niche from interbreeding. In the 1970s, Leigh Van Valen (1976) offered a new version, based on the fact that American oaks will freely interbreed, but that the ecological types remain constant. So, he concluded, in these cases, the “species” is effectively maintained by the ecological niche. Similar cases are common in plants, and less so among animals. Bacteria and other single celled organisms which do not often exchange genes may be entirely maintained by this 
 ADDIN EN.CITE 
(Cohan 2001, 2002; Dykhuizen 1998; Hanage et al. 2006; Konstantinidis, Ramette, and Tiedje 2006; Koonin, Makarova, and Aravind 2001; Lawrence 2001; Moreno 1997; Mushegian 1999; Ochman, Lerat, and Daubin 2005; Spratt 2004; Staley 2006)
. Lacking sex, they cannot be RISC species, and Turesson coined another term for them, agamospecies (meaning, sexless species). In animals asexual reproduction has evolved from sexual species several times, and are called parthenogens (”virgin origins”), while in plants, it is much more common and they are called apomicts (”Apart from mixing”).

The third kind of species conception is known variously as Morphological, Typological or Essentialist, but all these are misleading. Sometimes it is called the Linnaean Conception, because it is supposed to be the default view before genetics and evolution were discovered, and hence the view of Linnean taxonomy. This is a bit unfair – Linnaeus never defined a species concept, and the standard view at the time was that of John Ray, in which a species was twofold – a form, which is reproduced.
 This morphological conception was never isolated from normal reproduction by parents. And, I would argue (controversially) Linnean and Rayesque species were not defined by essences either, but that that is argued in my history (Wilkins 2009b). The important thing was that the overall organisation of the organisms defined them as a species, so long as that organisation was reproduced. Ray’s own “definition” was

In order that an inventory of plants may be begun and a classification of them correctly established, we must try to discover criteria of some sort for distinguishing what are called “species”. After long and considerable investigation, no surer criterion for determining species has occurred to me than the distinguishing features that perpetuate themselves in propagation from seed. Thus, no matter what variations occur in the individuals or the species, if they spring from the seed of one and the same plant, they are accidental variations and not such as to distinguish a species ... Animals likewise that differ specifically preserve their distinct species permanently; one species never springs from the seed of another nor vice versa. [Italics added; [Historia plantarum generalis, in the volume published in 1686, Chap. XXI (Quoted in Mayr 1982: 256).]

Ray’s definition was supposed to cover plants, but it was the first time any biologist had ever given a purely biological definition of “species”, and it was not based on Aristotle or any logical system, but on observation. This earlier definition remained the standard view at the time Darwin began his work, via the authority of Baron Cuvier. A restricted version of this, sometimes called the phenetic view of species – based on the “overall similarity” of the reproduced form, phenetics (from the Greek “to seem”), was an attempt to delimit species without using any theoretical methods or concepts. It failed, because there are too many ways to measure similarity, and they don’t all coincide, not even often.

A fourth general class of species conception is one based on the convenience of biological work, including mutual communication between specialists. It is called (wrongly) species nominalism, and more accurately Species Conventionalism. It is the view that, as Locke had said of the logical notion of species, species are made for communication, and nothing else. Darwin wrote ironically to a friend that he had at last found a definition of species from a taxonomist: “Any form that a taxonomist has given a name to!” Of course, Darwin didn’t believe that about species. For him they were real but temporary things, and there was no special rank or level in biology that was unique to species, although he recognized that they were usually reproductively isolated and often ecologically specialized. Darwin was not a conventionalist, but evolutionary thinking made it harder to be exact about it. 

This leads us to our final conception: based on evolutionary history, it has two main versions: the phylogenetic species conceptions based on cladistics, and the so-called evolutionary species concepts, which are often a mixture of the RISC, the ecological species conception, phenetics, and phylogenetic accounts of reconstructed history. The phylogenetic conceptions are often more like the RISC, because they rely on there being separation of lineages over large time as defined by their sharing, or not, evolved traits, and this implies genetic isolation. The evolutionary conceptions do not rely on RISC, but only that after the fact the lineages remain distinct for whatever reason (thus admitting ecotypes and ecospecies).

These conceptions are process-based, and are equally as non-operational as the RISC, but cladistics at least has a large number of mathematical and analytic techniques for drawing up their cladograms. The problem is that, without some way of saying what the level of separation is for species, cladistics can divide lineages up to a very small level (such as haplotype groups), leading to “taxonomic inflation”. Phylogenetic species can be as much as 9 or 10 times in number compared to the ordinary (“Linnaean”) kind. The debate rages through the modern systematics community 
 ADDIN EN.CITE 
(Harris and Froufe 2005; Isaac, Mallet, and Mace 2004; Padial and De la Riva 2006)
.

So, after all that, what is a species? There is no single thing that species are. It depends on the group of organisms – there may be a mode of being a species in birds, for example, where the sex that has the sex determining chromosome are the females, not the males as in mammals, which is different from being a species in another group (let’s be wild here, and choose algae). Any concept of species either has to range over the entire evolutionary tree, or only a tiny bit of it, and the modes of being a species will depend on what ways they have evolved to remain distinct from each other. This is why I think none of the particular conceptions are sufficient or necessary to cover being a species in all organisms.

But that only tells us what species sometimes are. It doesn’t tell us why these different things should even be called “species”. For example, RISC proponents will often say that asexual organisms (agamospecies) aren’t really species at all; because they lack the defining properties of species which is, of course, reproductive isolation; and so we should call them something else – quasispecies, pseudospecies, paraspecies, etc. I think this has an unwanted consequence – this means that the bulk of life doesn’t exist in species, but only those few clades that happened to evolve sex do. I’d much rather say that all organisms come in “kinds”, some of which are sexual kinds. Others come in genetic bundles or are clustered for ecological reasons. So here is a “definition” of the word “species”: A species is any lineage of organisms that is distinct from other lineages because of differences in some shared biological property (cf. Wilkins 2003). It’s pretty rough, and vague, but there’s good reason for that.

All the various conceptions of the concept try to give the differences in shared biological properties some detail – differences in sexual reproductive mechanisms, differences in genetic structure, differences in ecological niche adaptation, and so on. And when we look at them that way, it becomes clear why none of them are sufficient or necessary for all species: the mechanisms that keep lineages distinct evolved uniquely in every case, and so generalizations only cover some, not all, of life.

Any species is a lineage (that is, an ancestor-descendant ensemble of populations over time). If it’s distinct as a lineage, then it’s a species. Of course, not all lineages are species – gene, haplotype and population lineages, for example – so the point at which lineages coalesce into different kinds of species is not something that we can define abstractly. Instead, it is a phenomenon that we observe, and seek to explain with one of the 26 or so conceptions in each case.
Consequences

Taking this approach makes sense of several facts about biological science. It explains why we recognized species well in advance of there being anything remotely like a theoretical explanation of them. John Ray formally defined biological species for the first time in 1686 as organisms of similar form that propagated from seed, but this view was implicit in the work of natural historians going back to Aristotle and Theophrastus. Genetic and developmental accounts of species did not arise until around 1900.

It explains why when replacement terms are proposed for species, they tend to settle on the same sorts of phenomena, and eventually species makes a comeback. It also explains why it is that when autochthonous peoples employ organisms economically, say by hunting or raising them, they recognize the same sorts we do for scientific reasons (Atran 1985). These things are phenomenally salient if you have to interact with them.

But most of all it explains something about science, and I’d like to briefly sketch what I think are the implications of phenomenal objects in the ontology of a science.

In the traditional view of science, observation is theory-dependent and objects are theoretical as I have described above. I am proposing that some objects are not theory-dependent. In doing so I can explain why it is that so much of biology is what Rutherford sneeringly called “stamp collecting”. Before you can begin to formulate theories, you have to gather together the objects under explanation and organize that information into a taxonomy, otherwise it is not even clear what the domain of the theory is. The traditional view of science of the twentieth century ignored classificatory activities as uninteresting; I am suggesting it is one of the crucial and essential aspects of a science. This has been hidden to some extent by focusing on theory-dependence.

One might object that of course these objects are theoretical: to observe them is to identify a difference by measurement, and that implies an assay or methodological protocol. This is usually true, although species and mountains do not need much if any theoretical ancillary assumptions. But the point is that they do not need the theory under investigation in order to be phenomenal objects. That is, if they are theory-dependent, they are dependent on theories outside the domain in question. And they are often tokens of a class of phenomenal objects that call for explanation in those theories as well (consider optical theories, or genomic clusters in genetic theories).

Since the dependence here is a general kind (such as for optics), the theory-dependence is benign. With respect to our theory T, there is no special dependence on which the observations are being made, so the phenomena are T-independent. This doesn’t mean there is such a thing as completely naive observation – nobody ever starts from total naivety or from a tabula rasa. Even observers in the mountains of Papua New Guinea are informed by prior ideas and experience. But we can say they observe species, and do not thereby need to define them.
To summarize, the following claims are being made here: 1. A species is something that forms phenomenal, salient, lineages of populations of organisms and genes; 2. A species can have a particular mode based on evolved biological properties; 3. The species conception applied in each case depends on whether that species meets the conditions for that conception; and 4. Each species is a phenomenon that calls for a conception and an explanation. So we don’t need to have a monistic or singular definition of species, because species are things to be explained, they are explicanda, not an a priori category or rank into which every biological organism must be fitted.

Acknowledgments: Thanks to Gal Kober, Marc Ereshefsky, Quentin Wheeler and Brent Mishler, for pushing me on this. Ingo Brigandt first made the claim that species are not theoretical objects (Brigandt 2003), to my knowledge.
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� Some recent work by Roberta Millstein and Peter Godfrey-Smith has investigated the theoretical and philosophical import of population in biology � ADDIN EN.CITE <EndNote><Cite><Author>Godfrey-Smith</Author><Year>2009</Year><RecNum>8925</RecNum><record><rec-number>8925</rec-number><foreign-keys><key app="EN" db-id="2ea22ae0srapzce90ssxx506d0aewf2050fr">8925</key></foreign-keys><ref-type name="Book">6</ref-type><contributors><authors><author>Godfrey-Smith, Peter</author></authors></contributors><titles><title>Darwinian populations and natural selection</title></titles><pages>ix, 207 p.</pages><keywords><keyword>Natural selection.</keyword><keyword>Evolution (Biology)</keyword></keywords><dates><year>2009</year></dates><pub-location>Oxford</pub-location><publisher>Oxford University Press</publisher><isbn>9780199552047 (hbk.) : ¹25.00&#xD;0199552045 (hbk.) : ¹25.00</isbn><call-num>576.82 22</call-num><urls></urls></record></Cite><Cite><Author>Millstein</Author><Year>2006</Year><RecNum>8243</RecNum><record><rec-number>8243</rec-number><foreign-keys><key app="EN" db-id="2ea22ae0srapzce90ssxx506d0aewf2050fr">8243</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Millstein, Roberta L.</author></authors></contributors><titles><title>Natural Selection As a Population-Level Causal Process</title><secondary-title>British Journal for the Philosophy of Science</secondary-title></titles><periodical><full-title>British Journal for the Philosophy of Science</full-title></periodical><pages>627-653</pages><volume>57</volume><number>4</number><keywords><keyword>Biology</keyword><keyword>Causality</keyword><keyword>Evolution</keyword><keyword>Natural Selection</keyword><keyword>Population</keyword><keyword>Science</keyword></keywords><dates><year>2006</year><pub-dates><date>December</date></pub-dates></dates><isbn>0007-0882</isbn><accession-num>2093992</accession-num><urls></urls><language>English</language></record></Cite></EndNote>�(Godfrey-Smith 2009; Millstein 2006)�.


� Kirk Fitzhugh has argued that species are indeed explanations � ADDIN EN.CITE <EndNote><Cite><Author>Fitzhugh</Author><Year>2009</Year><RecNum>9086</RecNum><Prefix>reviewed and reprised in </Prefix><record><rec-number>9086</rec-number><foreign-keys><key app="EN" db-id="2ea22ae0srapzce90ssxx506d0aewf2050fr">9086</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Fitzhugh, Kirk</author></authors></contributors><titles><title>Species as Explanatory Hypotheses: Refinements and Implications</title><secondary-title>Acta Biotheoretica</secondary-title></titles><periodical><full-title>Acta Biotheoretica</full-title></periodical><pages>201-248</pages><volume>57</volume><number>1</number><dates><year>2009</year></dates><urls><related-urls><url>http://dx.doi.org/10.1007/s10441-009-9071-3</url></related-urls></urls></record></Cite></EndNote>�(reviewed and reprised in Fitzhugh 2009)�, or explanatory hypotheses. However, it is clear from the ensuing discussion that he intends the individual species, as co-occurent characters, to be explained in terms of phylogeny, ontogeny and so forth. They are, instead, names of sets that call for explanations, in line with the argument presented here.


� This is not to deny that species is also maintained by conventional and social practices. If entire volumes are dedicated to describing species, anyone who wishes to be taken seriously in that field has to refer to those described objects.


� Gal Kober (in a talk in July 2009) suggested that species are a fourth alternative: units of classification. This is consistent with my third alternative unless one thinks, as Kober does, that classification is a theoretical operation. On that point we disagree.


� Neil Thomason informs me that H. P. Grice in a seminar criticized Quine’s view on bounded objects by remarking “Quine thinks we can’t count the mountains in the Rockies”. However, he never published this so far as I can find, and he may have been referring to vague objects or Sorites rather than a theory–phenomena distinction about objects.


� Echoing Hacking’s comment about electrons, that if you can spray them, they are real � ADDIN EN.CITE <EndNote><Cite><Author>Hacking</Author><Year>1983</Year><RecNum>787</RecNum><Pages>23</Pages><record><rec-number>787</rec-number><foreign-keys><key app="EN" db-id="2ea22ae0srapzce90ssxx506d0aewf2050fr">787</key></foreign-keys><ref-type name="Book">6</ref-type><contributors><authors><author>Hacking, Ian</author></authors></contributors><titles><title>Representing and intervening: introductory topics in the philosophy of natural science</title></titles><dates><year>1983</year></dates><pub-location>Cambridge UK</pub-location><publisher>Cambridge University Press</publisher><urls></urls></record></Cite></EndNote>�(Hacking 1983: 23)�. To avoid unnecessary metaphysical concerns, I will say they are real enough – that is, as real as anything else in biology.


� In my forthcoming books, I call this the Generative Conception of Species, and hold that it was the shared understanding of organic species from antiquity until the Mendelian revolution.





