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1. Introduction


The philosophy of Science today recognizes that many scientific concepts are theory-dependent, that is, their meaning depends to some extent on the theory of which they form part and can change whenever the theory changes. This has happened to the concept of species in biology. The most far-reaching theoretical change to occur in biology was the change from a fixist stance to an evolutionist one. With such a shift, it is hardly surprising that the concept of species should also have undergone changes (section 2). We might even wonder whether, in the wake of the Darwinian revolution,
 a single concept of species has taken shape or there are several rival ones. The question of species has immediate repercussions in all branches of biology, and each one seems to demand some concept of species (section 3).


Outside the strict field of life sciences themselves, changes in the notion of species also affect the philosophy of biology. Debates on scientific realism, on the nature of laws and theories, as well as the scientificalness of biology may be affected by the argument on the ontological status of species (section 4).


After this overview we shall take stock of the situation (section 5) in order to go on to tackle the yet further repercussions of the debate, in the realm of ethics, where some major questions depend on the notion of species that has taken shape within the setting of evolutionism. We shall give especial attention in section 6 to ethical problems linked with the conservation of biodiversity and the so-called anti-speciesist’s dilemma, which affects both environmental ethics and the question of human dignity.

2. The Concept of Species and the Darwinian Revolution


The historical description of the concept of species usually begins with Plato. A species (eidos) would, for him, be a type, an Idea, whose existence is unalterable and eternal. In the world of the senses we find more-or-less degraded copies of the Idea. This concept of species is not limited to living beings but can be applied to the whole of reality. Indeed, it does not seem particularly suitable for living beings quite simply because of its static nature. It was Aristotle who, with the eyes and interests of a biologist, criticised the Platonic notion of species. In Book I of his treatise On the Parts of Animals he comes down heavily on the system of classification by dichotomic division followed by the disciples of Plato. He considers the process to be too logos-orientated, too dedicated to the satisfaction of human reasoning, not taking sufficiently into account the reality of things, which are often far less orderly than we would like to think. Together with the point of view of the logos, Aristotle was an advocate of the physis. He renounced the staticness of the Platonic world of Ideas, and largely abandoned the intention of classification,
 but even so sought to find elements of order and rationality in the dynamic and changing world of living things. This tension is present throughout Aristotle’s work. In the words of Jean Gayon, “In the Aristotelian corpus there is tension showing through of two concepts of eidos. One of them is of a logical and classificational nature, used in connection with that of genus (genos), it is applied to all realms of reality, and constitutes a tool for hierarchizing universals. This concept of eidos as a logical class is valid without restriction, and not only for living beings. In biological treatises, nevertheless, a second concept of eidos arises, that of eidos-form: from this point of view, the eidos is the soul of the individual organism, that is an organizing principle transmissible by generation […] In most contexts, Aristotle avoids using eidos in the meaning of a class subordinated to a genus and more frequently uses a word connoting form (morphè) or configuration (schema).


The important thing about Aristotelian thought on this point is that it poses the thorny problem of the relations between the species as a logical class and the species as a physical principle intervening in generation. Nevertheless, this qualified wealth of Aristotelian biophilosophy is often overlooked, so, according to Lennox, “Aristotle is often characterized, by both philosophers and evolutionist biologists, as the fountainhead of a typological theory of species that is absolutely inconsistent with evolutionary thinking.”
 He goes on to say, however, “Aristotle treats variations between one form [eidos] of a kind [genos] and another as differences of degree. Such a move conflicts with the sort of typological thinking traditionally ascribed to Aristotle by biologists and philosophers […] It should become clear that Aristotle’s essentialism is not typological, nor is it in any obvious way ‘anti-evolutionist’. Whatever it was that Darwin was up against, it was not Aristotelian essentialism.”


This last observation of Lennox’s is valuable in this context. The stereotyped telling of history causes the evolutionist concept of species to arise in contrast to a supposed Aristotelian typological concept. This unfair simplification does not only fail to make use of the suggestions that Aristotle’s thought may still be able to make, but also makes it difficult to appreciate the very evolutionist concept of species. In order to be able to argue on the evolutionist concept of species we must know beforehand what other concept or concepts of species it enters into direct conflict with. It seems obvious, as Jean Gayon points out, that “…it is in the naturalist thinking of the 19th century where we must look for the modern use of the term species in the life sciences.”
 Nevertheless, the confusion that we have been detecting with regard to Aristotle leads to statements like this one of Ernst Mayr’s: “The typological species concept going back to the philosophies of Plato and Aristotle (and thus sometimes called the essentialist concept), was the species concept of Linnaeus and his followers.”
 This is not so: the concept of species that Darwin confronted was that of Linnaeus and the naturalists of the 18th century and first half of the 19th, not Aristotle’s, among other reasons because the 18th-century concept of species arose against an “evolutionist” background, which did not happen in Aristotle’s. Several vicissitudes divide Aristotle’s concept of species from Linnaeus’. We must not overlook the medieval polemic on universals and the extreme positions of realists and nominalists.
 Nor can we disregard the chaotic wastefulness of the Renaissance in dealing out transformations here and there throughout nature.


It is not surprising, then, that naturalists before Darwin should have thought that a scientific, rational and realistic biology could only be established on the basis of a consistency in types of organisms through reproduction or, in other words, on the basis of the stability of species. Only thus could biology construct genuinely scientific classifications and laws, like those already existing in the physical sciences.


The persistence of the fixist element appearing in definitions of species from John Ray onwards, shows, if anything, that they have been formulated with the intention of avoiding transformationist temptations that would put biology back into a pre-scientific state. Darwin’s position on the concept of species is compromised, as it has to deny fixism, but without abandoning the very concept of species which had actually been defined in its day in fixist terms, and without reneging on biology’s status of scientificalness that seemed to depend on that definition. Let us examine some of those immediately pre-Darwinian definitions in order to better understand this point.


John Ray (1627-1705) offers a first clear definition of biological species as a constant group of genealogically related organisms.
 Ray builds the species up from the bottom, from where individuals share similarity, not from the top down, from the Idea. This shift was fundamental for transforming a merely logical concept of species into one that was indeed biological. Nevertheless, the fixist element is explicitly contemplated in Ray’s definition. In Buffon (1707-1788), we find another fixist definition: “We should regard two animals as belonging to the same species if, by means of copulation, they can perpetuate themselves and preserve the likeness of the species; and we should regard them as belonging to different species if they are incapable of producing progeny by the same means.”
 Linnaeus (1707-1778) aspired in principle to establish a natural classification, although in the course of his research he realized how difficult the task was and that he would have to settle for a classification that was useful, clear and operative. Even so, he always believed that species and genera were present in nature, although higher categories arose only from human opinion and from our need to simplify complex natural reality. He understood that species were separate units, but also on this point his research led him to qualify his positions, to the point of accepting that several species of one gender could have a common origin, although different genera could not. So, at least at the genus level, fixism was guaranteed, according to Linnaeus
. Charles Bonnet (1720-1793) declares: “There are no changes or alterations, but full identity. Species keep triumphing over the forces of nature.”
 For Cuvier (1769-1832) “…a species comprehends all the individuals which descend from each other, or from a common parentage, and those which resemble them as much as they do each other.”
 Cuvier explicitly defends fixism, in opposition to Lamarck, and his concept of species is obviously incompatible with the Darwinian idea of a common origin for all living things. According to Marc Ereshefsky, “Linnaeus, John Ray, Maupertuis, Bonnet, Lamarck, and Lyell all adopted an essentialist (or typological) view toward systematics.”
 Let us finally quote Charles Lyell, one of the people with most influence on Darwin: “The name of species, observes Lamarck, has been usually applied to ‘every collection of similar individuals produced by other individuals like themselves.’ […] But this is not all which is usually implied by the term species; for the majority of naturalists agree with Linnaeus in supporting that all the individuals propagated from one stock have certain distinguishing characters in common, which will never vary, and which have remained the same since the creation of each species.”
 As James Lennox states, “Lyell pretty clearly assumes that to allow for evolution is to deny the reality of species [...] To accept evolutionary change, on this view, you must become comfortable with a variety of nominalism about species.”


We might ask why there has been so much insistence on the typological notion of species, on fixism and on essentialism. There can only be one answer: because the debate on the possible transformation of species was already in the air, and this, in the opinion of many naturalists of the day, threatened the scientificalness of biology, the possibility of establishing laws and explaining deviations as perturbations (as physics has done since Galileo).


Now we can justly appreciate Darwin’s conflict with the notion of species and the position he adopts. Darwin cannot accept the definition of species current in his day, but he needs to be able to count on species for his theory not to be exposed to anti-evolutionist objections like that put forward by William Hopkins in 1860: “Every natural species must by definition have had a separate and independent origin, so that all theories – like those of Larmarck and Mr. Darwin – which assert the derivation of all classes of animals from one origin, do, in fact, deny the existence of natural species at all.”
 Or, more succinctly, Louis Agassiz asks: “If species do not exist at all, as the supporters of the transmutation theory maintain, how can they vary?”


In short, Darwin had to convey his new ideas to the community of naturalists that he felt part of, and for that he had to use the language common to the members of that community, especially as far as “species” was concerned. And yet, what he had to tell them denied the defining characteristics of the very category of species. How did Darwin tackle this problem? His strategy consisted in accepting the common reference of the term “species” without taking its definition. What Darwin had to tell his fellow naturalists was that what they called species, and believed to be stable and independent groups, had in fact evolved from a common origin. “We have to discuss in this work –Darwin said- whether forms called by all naturalists distinct species are not lineal descendants of other forms.”
 He does not question the taxa belonging to the category of species as established by contemporary naturalists, what he denies is the unchanging and independent nature that they attribute to them. In The Origin of Species, we can read: “Hence, in determining whether a form should be ranked as a species or variety, the opinion of naturalists having sound judgement and wide experience seems the only guide to follow.”
 In this way, he ensures that he is speaking about the same genealogical segments that his fellows identify as species. He ensures, apart from the ability to communicate his new thesis, that those genealogical segments evolve through time and have a common origin.


Nevertheless, if Darwin disagrees with the definition then in force of the category of species, we can ask what definition he would replace it with. The answer would be this: “Nor shall I here discuss the various definitions which have been given of the term species. No one definition has as yet satisfied all naturalists; yet every naturalist knows vaguely what he means when he speaks of a species.”
 Regarding the job of finding a suitable definition of the category of species, he says this: “…this has been found hopelessly difficult by naturalists, if we may judge by scarcely two having given the same name.”
 Darwin considered the difficulty to stem from “trying to define the indefinable”,
 and from chasing “the undiscovered and undiscoverable essence of the term species”.


Let us now look at the necessary distinction between the taxa that we call species, for example Homo sapiens and Panthera leo, and the taxonomic category of species itself, which is bordered by variety on one side and by genus on the other. Well, Darwin accepts taxa as established by naturalists, and declines from defining the category of species. For him, the problem lies in drawing a clear distinction between what must be considered variety, species or genus. We understand why the boundaries between the three categories are so blurred for Darwin as soon as we adopt, like him, an evolutionary perspective. Between species and varieties, and between species and genera, there is a continuum, with no abrupt frontiers, where varieties are species being formed and genera are species that have split apart reproductively. Regarding the birds observed in the Galápagos Islands, Darwin reminds us that he was “much struck how entirely vague and arbitrary is the distinction between species and varieties […] But to discuss whether they are rightly called species or varieties, before any definition of these terms has been generally accepted, is vainly to beat the air.”
 And, on the other hand, “we shall have to treat species in the same manner as those naturalists treat genera, who admit that genera are merely artificial combinations made for convenience.”


But can biology work without defining something so far-reaching as the concept of species? Is it impossible to draw up a realistic notion of species from an evolutionist standpoint? As Popper states, scientific knowledge is developed from question to question. Obviously Darwin left these new questions as a task for his successors. In the same way that he encountered definitions of species dependent on fixist theories, definitions destroyed by the theoretical change proposed by Darwin himself, later Darwinians would have the job of drawing up new definitions of species adapted to the evolutionist stance. This is what has happened. But the result has not been one definition of species, but many, as we shall see.

3. The Different Criteria for Species in Evolutionary Biology


The notion of species is at the very heart of the so-called Darwinian revolution, together with the notions of evolution and selection. Darwin carried out much of his work by arguing at length on evolution and selection. Nevertheless, his successors did not tackle the part of the work corresponding to the concept of species until almost a century after the publication of The Origin of Species. And when the job was taken on, the result was a diversity of concepts and a lengthy debate. David Stamos
 brings forward the explanation of the facts. In the first place, reflection on the concept of species was delayed because it had to wait for the drawing up of the Synthetic Theory of Evolution, which did not happen until halfway through the 20th century. Secondly, the coming of age of biology as a science has produced inevitable specialisms, so in fact each discipline has constructed its own concept of species depending on its outlook and needs.


Overall, however, we shall see how tension is kept up between the morphological component, which is based on appearance, and the genealogical one, which depends on ancestry. The criterion that has become most widespread, to the point of being considered classical, is that of the biological concept of species. In relation to this concept, either in opposition to it or as developments based on it, we shall go on to see the others. The canonical formulation of the biological concept of species is to be found in the writings of Ernst Mayr.
 He sets out the idea that species are maximal Mendelian populations, that is, reproducing communities reproductively isolated from others. Mayr considers this criterion to be basic and that it paves the way for a set of suitable predictions about the process of speciation, reproductive barriers and integration of the genotype. Mayr maintains that both populational genetics and ecology are tributaries of this concept of species.
 Indeed, the strictly reproductive criterion has been complemented by Mayr himself by the addition of ecological elements,
 whereby a species would be the maximal Mendelian population occupying its own ecological niche. The reason is linked with the theory of speciation also developed by Mayr, whereby every process of speciation begins with a phase of geographical isolation which, over time, becomes a reproductive isolation. Without reproductive isolation, two groups would end up as one, but without its own ecological niche, no group can survive extinction. So a specific entity stable enough to be taken into account must have these two defining elements: reproductive isolation and its own ecological niche.


Mayr’s biospecies, although they bear in mind the ecological element, must not be confused with the ecospecies as defined by Van Valen,
 according to whom inter-fertility is not a necessary or sufficient condition for defining the category of species, for, in his opinion, species owe their continued existence to ecological factors. And he draws up an ecological concept of species, according to which each species is a lineage occupying an area of adaptation, or ecological niche, minimally different from that of any other lineage, and which evolves separately. The set of selective pressures on each ecological niche is what keeps species as distinct taxonomical units. The role of the ecological niche is very different in Mayr and Van Valen, as for the former it is reproductive isolation that ensures that a species remains adapted to its ecological niche, while for the latter, it is the selective pressures of the ecological niche that maintain the characteristics of a species, and among them, those of its reproduction.


On the other hand, the biological criterion of species is not without its limitations and problems. Firstly, it is obvious that the category of species thus defined is not applicable to organisms lacking sexual reproduction. Furthermore, crossing between members of a given population or between two populations must be understood as potential, for it is obvious that many individuals considered co-specific never actually cross.
 That being so, what kinds of barriers must be considered adequate before we can talk about different species? Geographical ones? Behavioural ones? If that were the case, we should have to consider as populations of different species groups that may be identical from the morphological and genetic points of view. Conversely, there are groups with notable differences that are inter-fertile under certain conditions.


For these and other reasons, other concepts of species have arisen that stress morphological aspects,
 like the phenetic concept of species, which is at the root of phenetic taxonomy, also known as numeric taxonomy. Its advocates propose classifying organisms according to their morphological appearances measured or codified numerically. By comparison, it will be possible to calculate the index of similarity between taxa. In this way, taxonomic categories can be delimited by the proximity of indices.
 In the case of polytypic species,
 lists of characteristics have to be drawn up, so that some combinations can be taken as a sufficient condition for belonging to a species, but no single characteristic is a necessary condition.


The problem of phenetic taxonomy is that it can place closely related species that have diverged morphologically through evolution into very different taxa, while species that are physically similar but are less closely related may end up in more proximate taxa.
 In fact, the use of theoretical criteria to assess the relative importance of diverse characteristics becomes unavoidable; otherwise, as Mayr
 points out, the differences within polymorphic species, along with those due to age, sex or individual variations, would give rise to very strange classifications. On the other hand, the most typological concepts of species, like phenetic taxonomy, have the undeniable advantage of operativeness. In many cases, it is much more feasible to compare morphological characteristics than to establish inter-fertility. Even for the supporters of biospecies, the comparison of characteristics constitutes a valuable symptom for inferring the species status of a given group.


The difficulties in determining biospecies are particularly arduous when we are dealing with populations separated by long periods of time – it is very difficult to deduce from fossil remains whether two populations were inter-fertile. Worse still, we can reasonably suppose that any individual can cross with one of the previous generation,
 which threatens to bring down the whole tree of life in a single species. This is what has led palaeontologists and researchers into phylogenesis to stipulate the evolutionary concept of species, useful for the determination of species on the basis of fossil remains. An evolutionary species, according to George G. Simpson,
 is a lineage evolving separate from others, with its own functions and tendencies in the course of evolution. Edward O. Wiley
 expresses it in other terms, insisting that a species retains its identity, its evolutionary tendencies and its destiny throughout evolution. According to Mayr, this criterion can only apply to monotypic species, and, moreover, evolutionary tendencies can only be detected over very long successions of generations. Therefore, in Mayr’s opinion,
 the determination of chronospecies, that is, species that replace their forerunners over time in the same phylogenetic line, will be arbitrary.


Much like Simpson, Joel Cracraft
  also adopts a diachronic point of view, proposing a phylogenetic concept of species. For him a species is a lineage whose members share a single characteristic set of new evolutionary traits.


Nor do Paul Ehrlich and Peter Raven
 recognize inter-fertility as a necessary or sufficient condition to talk about species. They put forward what according to them are empirical reasons. It is not a necessary condition, as there are groups whose populations are geographically isolated and yet we would consider them as forming a single species. Something analogous occurs with asexual organisms. Nor is it a sufficient condition, as there are differentiated species that remain differentiated although their members exchange genetic material with some frequency. What is not clear, to my way of thinking, is that these reasons can be purely empirical. Here, the empirical and the theoretical go hand in hand, for if we are going to continue taking as species separate populations that frequently exchange genes, we need a concept of species different from the biological one. In fact, the authors mentioned suggest a selectionist concept of species. According to them, what allows geographically isolated species to go on indefinitely belonging to the same species is natural selection.


Also, by linking it to Mayr’s classic definition, we can understand Hugh Paterson’s,
 and this time not through opposition but rather through development. Paterson develops the recognition species concept. According to Paterson, this is at work when the individuals of a group do not recognize those of another as potential mates. And conversely, the organisms that may recognize each other as reproductive mates belong to the same species. Therefore, Mayr’s definition should, in Paterson’s opinion, be modified, in order for us to consider as a species the most inclusive population of individual biparental organisms sharing a common fertilization system.


Alan Templeton
 remarks that the concept of species proposed by Paterson is beset by the same difficulties as we have seen with regard to the classical concept of biospecies. He maintains that the concept of species can be reformulated in genetic terms so that it might also include populations that do not actually cross, like those of asexual organisms or geographically isolated ones. Those with sufficient genetic similarity would belong to the same species. The cohesion between these populations is maintained by several mechanisms. One is crossing, but it is not the only one. Exposure to the same environmental pressures also favours cohesion between different populations. So, a genetic novelty, like a mutation, may become established in two populations without the need for crossing, simply because it happens in both, and both are subjected to the same environmental pressures. In short, species will be genetic canals with genes flowing through them.

4. The Debate on the Ontological Status of Species


The other axis of the current discussion on the concept of species is of a more philosophical nature, although it obviously does not exclude the biological perspective. It is the establishment of the ontological status of species or, in other words, the kind of entities they are. “The Darwinian species,” says Jean Gayon, “is not one form: it is a variable group of individuals whose coherence is almost exclusively reproductive, and which constitutes the physical thing that is really modified. This thing does not have the status of a logical class (a universal), given that it is precisely one thing: only one thing is transformed; an abstraction, which is by definition timeless, is not transformed. A fortiori, the Darwinian species is neither an essence not a type.” 
 Evolution does not admit immutable essence, so several authors have opted to consider the species of evolutionist biology as a physical thing, as a concrete entity. Some have even opted for the radical solution of considering species as individual entities. This shift has unquestionable advantages: it endows the notion of species with realism and allows for the channelling of the question of the scientificalness of biology. Nevertheless the species-as-individuals thesis (hereafter the s-a-i thesis) is not lacking in problems. In the light of this, intermediate routes have appeared between the conception of species as classes and the conception of species as individuals. We shall see below the proposals made in this regard by Mayr, Ruse and Kitcher. David Stamos has recently proposed a conception of species as relationships, in an attempt to break with what he considers a false alternative of classes and individuals. I shall attempt to present what is essential to this debate on the ontological status of species.


The s-a-i thesis begins with the Californian zoologist Michael Ghiselin,
 who has received support from the philosopher David Hull.
 In principle, the thesis resolves the question of the realism of species. If each one is an individual, then it has an existence which is just as real as any organism’s. Furthermore, like organisms, and unlike logical classes, they can do things, that is, they can evolve, produce other species through the process of speciation, become extinct, etc. We also had the problem of the scientificalness of biology. Its recognition as a science is one of the preoccupations of David Hull, who believes that the s-a-i thesis is an advance in this regard. Ghiselin also insists that his thesis does not only affect technical questions concerned with taxonomy, but is an attempt to unify scientific knowledge and shore up a monist metaphysics. If each species were a class, it would surprise us that biology could not formulate laws for each of them, as physics and chemistry do for the classes that they deal with. For example, there are general laws of a chemical nature for carbon that apply to all samples of carbon. There are, however, no universal laws for each species. Nor are we able to establish a set of sufficient and necessary conditions of belonging, or define species. But if each species is an individual, then there is nothing untoward here, for individuals are not defined, just described. Individuals are not made up of elements, like sets, or of members, like classes, but of parts that we consider peculiar to the individual because of their origin and physical relation with the other parts. If species are individuals, then organisms will be their parts. And biological laws will have to be looked for a step further up, and they will be regularities adhered to by all species. Thus, in any system endowed with variation, inheritance and selection, there will be certain regularities. We have, then, laws for the class of species as units of evolution, not for this species in particular, which is an individual, just as physics and chemistry provide laws for the atom or for carbon, not for this atom or for that sample of carbon.


Of course, the objection could be made that the concept of scientific law used by Hull is too near to what in the philosophy of science is called “the received view”. In this regard, Frederick Suppe states that the existence or otherwise of laws valid for each species depends on what the world is like, not on whether we consider species as individuals or classes. Moreover, from a given individual, it will always be possible to form the class of its parts. Whether this class is natural or not, whether its members comply with laws or not, are empirical questions. So, for Suppe, the s-a-i thesis is irrelevant in connection to the possibility of establishing laws in the sphere of evolutionary biology.


From the taxonomic point of view, the s-a-i thesis complements the classification criteria proposed by the cladistic school of taxonomy, as they allow for the establishing of quite precise division lines between different species. Cladists consider that a species coincides with the group of organisms situated between two speciation events, or between one speciation event and an extinction event, which tends to solve the problem of the delimitation of species as individuals. Mark Ridley
 goes as far as stating that the correct explanation of why species in the evolutionary theory are individuals and not classes may be found in the cladistic concept of species. From the point of view of the s-a-i thesis and also of cladistics, the unit of evolution, that is the species, also becomes the unit of classification. It is not organisms that are classified, but species. Below the species, organisms are individual entities, but lack sufficient continuity to evolve. Above the species, the opposite is true: higher taxa evolve, but not as units. Given that no classification is exempt from theory, it is good that biological classification is adapted to evolutionary theory, that is, that units of evolution are at the same time units of classification.


Even the procedure for naming species seems to acquire sense from the point of view of the s-a-i thesis. The procedure can be seen as an act of baptism consisting in taking a specimen, which need not even be especially typical and giving it a name for the species. The name thus applied to a circumstantially representative part is a proper name without intension. 


But, as we had said, the s-a-i thesis is not without problems. The most obvious one is that it is not based on any prior definition of individual. Here, Hull’s strategy is clear: he asks us to make do with our prior intuitions as to what an individual is and with the paradigmatic case of organisms. But species, in some aspects, do not seem to fit the characteristics of the case that is put forward as a paradigm. For example, species do not have the same space-time unity and continuity that organisms have. It is true that the genetic flow gives species some continuity, but, as Michael Ruse points out, “it was once thought that gene flow, between populations, was a key factor in keeping the  organisms of a species alike. Now, it seems more likely that normalizing selection is the key causal factor.”
 If what Ruse says is true, then the s-a-i thesis has a serious problem. There is also a problem concerning twin species, which are reproductively isolated, but hardly differ.
 The very decision to see species as individuals would oblige us to consider them different species. The same is true for the possibility of recuperating extinct species by means of genetic engineering. Discontinuity over time would oblige us to say that we did not have the same species, even though the “new” one is in every way identical to the extinct one. And the same problem arises from cases of reiterated polyploidism.


Given the state of the debate, we could ask if there is no third way, something to bring together the advantages of the condition of class and the condition of individual, but without the drawbacks they show when we try to think of species. “Individualized classes” and “complex particulars” are the hybrid categories proposed respectively by Van Valen and Suppe.
 Philip Kitcher and Bradley Wilson
 have defended that species are sets, while Mayr
 says they are populations, Ruse
 groups and recently Stamos
 has spoken of them as relationships. Allow me now to briefly examine the advantages and problems of these positions. I shall concentrate on the last four, as the most developed proposals.


Kitcher suggests reading the proposition “species evolve” in terms of sets as “there can be organisms, descendants of a given species, which do not belong to that species, but to a different set”. Nevertheless, it must be recognized that the set theory adapts very badly to realities over the course of time. We would have to ask what the elements of a given species-set were, for example those of Canis lupus. We could include all the wolves alive today plus all those that have ever existed, which seems quite problematic, but the future would pose an even worse problem. If we have not included future wolves, every time one is born, we shall have a new set, by dint of the axiom of extensionality and, therefore, a new species. On the other hand, to include all future wolves would be very odd, as they have no existence in any reasonable meaning of the word. The species would be made up of a mixture of existing and non-existent entities. At the end of the day, we have to resort to the conceptualizing of each species not as a set but as a long string of sets, each one of them corresponding to the organisms forming part of a species at a given moment. Let us add to this that if we adopt the biological criterion of species as a criterion of membership, then co-membership to the same set is no longer a transitive relation. I shall explain: although organism A can cross with B, and B with C, this does not guarantee that A can cross with C. Such biological phenomena as clines, for example the clines of the salamanders by the American West Cost, or rings, for example gulls around the North Polar Circle, bear witness to this. Contiguous populations can cross, but the ends of a cline cannot. In the case of the rings, the phenomenon is more striking, as the end populations share territory. Again, we run up against the difficulty of capturing biological phenomena in logical concepts such as the set.


For his part, Mayr sympathizes essentially with the s-a-i thesis, but disagrees on the terminology. To call species “individuals” is to go too far. What is true is that we are dealing, in his view, with concrete entities, not with logical abstractions. But biologists would understand better if we called these entities “populations” or, better still, “biopopulations”, to indicate that they are not just any populations, but populations whose members can cross. However, the philosopher Mario Bunge
 rightly points out that if we could equate “biospecies” and “biopopulations”, then one of the terms would be redundant. But it turns out that we need both for the obvious reason that there are unispecific populations and plurispecific ones.


According to Michael Ruse, species are indeed groups. Groups are seen as more concrete things, more physical than classes. But if we take their consideration as things to extremes, we find that we have emptied them of all formal content, just as Jean Gayon warns in the lines quoted above. By emptying the group of all formal content we are also left with no other criterion of belonging than the reproductive one, but we have seen that this criterion is by no means clear or complete, as Darwin himself knew.


We have Stamos’s proposal left to consider. For him, species must be thought of as relations of similarity. Philosophically he uses Bertrand Russell’s notion of relation and the treatment of the relation of similarity as a real object, which Arda Denkel
 has recently done. When one considers relations, one also considers the relata, that is the poles related, but one sees something else, that is, the relation itself. Each species would then be both a complex of relations of similarity and as the corresponding relata, that its, the organisms thus related. One might object that every organism is like any other in some way. Stamos replies that that is indeed so, but nature itself, by means of causal relations, affords guidelines for distinguishing those complexes of relations of similarity that we can call species with a real basis. Causal relations delimiting species are of several types: mainly of inter-fertility, gene transfer, ecological, ontogenetic and social. Stamos says: “Nature itself is partly composed of various causal relations that more or less divide the similarity relations between organisms into species.”
 In his opinion, the conception of species as relationships of “biosimilarity” has major advantages. It allows us to reject pure nominalism. In fact, Stamos defends a realist conception of species. He also sees as an advantage the fact that species do not necessarily have to be monophyletic. In this way, we avoid having to classify species of multiple origin into different taxa, as is the case of those originating from reiterated polyploidism or genetic engineering. We also avoid having to consider any extinction as definitive, by definition. Furthermore, it is a sufficiently wide concept to include organisms that do not reproduce sexually. On the other hand, the conception of species as complexes of relationships of biosimilarity also has its problems. On the biological plane, those problems arise especially when we look to the so-called vertical dimension of species, that is, their development over time. Biosimilarity is thought of mainly as a horizontal relationship, one of similarity between organisms related causally. In other words, this way of looking at species would not adapt well to palaeontology and would definitely adapt badly to some of the taxonomical schools, above all with those that lay greater stress on the common and sole origin of taxa. On the philosophical plane, it can pose problems regarding the physical reality of relations, particularly those of similarity.

5. Overview: The Concept of Species in Evolutionary Biology


After the review we have made of the situation, we may say that current biology requires a plural concept of species, for it has to be useful in a number of disciplines, each with its own interests and points of view. The notion of species that may be useful in paleontology is not so applicable in zoology or botany, while these do not have to fit the interests of a biologist dealing with asexual organisms. And each of them will give rise to its own organization of the living world. Something similar may be said for the concept of gene, which does not identify exactly a fragment of DNA, but several possible ones depending on the function we have in mind. That is to say, the gene seen as a unit of mutation, recombination or codification of proteins gives rise to different cut-off points in the DNA sequence. Many different functions are also required of the species. It will be a group of similar organisms that are also inter-fertile, with a common near origin, with their own phylogenetic trajectory and a differentiated ecological niche – it is the unit of evolution and also for some the unit of biodiversity. It is not odd that, depending on which function of the notion of species that we are dealing with, somewhat different cut-off points will appear. And, in any event, the tension between the morphological and genealogical aspects will always be there.


In my opinion, the conceptual difference between species and populations must be maintained for the reasons put forward by Mario Bunge and because a species may be constituted by a number of populations. The idea is for the concept of population to take the burden of the physical aspects, while that of species takes those of logic. A population is always a concrete entity, situated in space-time. We can even argue as to whether it is an individual or not. From my point of view, it is an empirical question and admits degrees. A population can have a greater or lesser degree of individuality. It will be more individual insofar as it displays a greater degree of cohesion or functional integration and insofar as it possesses a greater memory of past interactions. Functional integration allows us to speak of an individual and memory allows us to speak of the same individual throughout time. Both memory and functional integration admit gradation.


Species should be considered as classes, perhaps diffuse classes, to which different populations can belong – or, if we like, as classes constructed on the basis of relations of similarity. As classes they retain their intensional or formal component. The expression “species evolve” would now have to be understood as “populations evolve, changing through time from one species to another”. In the same way, we do not say “childhood grows”, but “the child grows and passes from childhood to adolescence”. The diffuse aspect of species may not stem from an epistemic fault on our part, but from reality itself. The best way of understanding species may be based on the structure of the theory of fuzzy sets. In this way, we should avoid the paradox on the intransitivity of the relation of co-membership. On the other hand, this option allows for the existence of generalized laws on the domain of each class. If we accept that their borders are fuzzy, the laws will be formulated in probabilistic terms. Obviously, what I am suggesting here is not just a number of indications that may or may not be of some usefulness for thinking about such an old and complex concept as the species, so laden with changing theoretical connotations and affected by new empirical discoveries.

6. Ethical Repercussions of the Question of Species


Let us now consider to what extent the concept of species, after the theoretical mutation brought about by evolutionist biology, affects debates of an ethical nature. We shall even have to ask whether the concept still has any usefulness in moral contexts or is just a source of problems and confusion. In the latter case, the question would inevitably arise of possible replacements for the concept of species in arguments of an ethical or political type. I shall concentrate on two questions where I believe that the presence of the notion of species is particularly noticeable and important. Firstly, I shall refer to the debate on the conservation of species, which clearly depends to a great extent on the notion of species itself. Secondly, I shall deal with the so-called anti-speciesist dilemma. It is a moral problem in which we find the notion of species involved in an obvious way.

6.1. Species and Biodiversity


The biodiversity debate swings between deep-rooted and shared intuitions, favourable to conservation, and a notable inability to establish with any clarity either the reasons for these intuitions or the very concept of biological diversity. The concept of biodiversity is very general and concerns all levels of life, from the cellular to the ecological and even the scenic. But we are especially interested in the number of species to be found on our planet,
 and their internal diversity. According to such authors as Stamos
 and Cracraft,
 it is precisely the risk of extinction that many species are running that is putting most pressure on the reflection on the very concept of species. Both of them consider that the debate on this concept requires a resolution, and not just for intellectual reasons, but also for practical ones, which have much to do with our supposed responsibility for the extinction of species. They thus point to the need for a realistic solution to the debate, for nominalism does not seem to be a good driver of policies for the conservation of species. Even if we think of species as an abstraction, the motivations for conservation seem to be weakened. Let us examine this further.


The arguments for conserving diversity are normally divided between anthropocentric and non-anthropocentric ones. The former propose conserving species for their usefulness to man, while the latter advocate their intrinsic value. But neither concept is at all clear. For example, we sometimes speak of the advisability of conserving a species for the aesthetic or intellectual pleasure afforded by its contemplation, and this is offered as a non-anthropocentric argument. In my opinion, it is just as anthropocentric as the argument proposing conservation to maintain man. It would be necessary to consider widening the anthropocentric arguments to contain those referring to aesthetic, emotional or cognitive values. Thus understood, the anthropocentric justification may be perfectly worthy and legitimate.


On the other hand, as we have seen, the species is an entity whose ontological status is far from being clear in current biology, so the concept of intrinsic value of those species cannot be clear, either. For example, for a strict nominalist, such intrinsic value cannot be. I am not sure that the conservationist discourse is always accompanied by awareness of the ontological suppositions that it requires.


According to the proposal made in section, 5, we should establish a distinction between the reasons for respecting the life of populations and organisms, and the reasons for keeping species. In some cases, the two ends could even conflict. Only reasons for respecting the lives of populations and organisms can be non-anthropocentric. But whenever mention is made of reasons for conserving species, it will have to be admitted that they are of an anthropocentric nature. Species, even if they have an objective basis in the characteristics of organisms, are not concrete things.


When one considers the conservation of a species, one does not think of concrete populations and individuals, but of the functions that these execute in an approximately equivalent way – functions of two kinds: on the one hand, ecological and, on the other, cognitive, aesthetic and emotional. Each type of living being has an ecological function contributing to the upkeep of the ecosystem to which it belongs. The idea of maintaining a species for its ecological value transfers to the species the value that we grant to the ecosystem. Ecosystems have always been in a state of change, where some balances fail and others arise. It is possible to eliminate or harm the life of an organism or population without contributing anything to that of another, but, unless all life is destroyed on our planet, it is not possible to unbalance an ecological situation without creating another. The very identity of ecosystems is difficult to establish. If some appear more valuable than others, it is because they are more useful or beautiful to us, so, the final source of the ecological value of a species is in its relation to man. Species also have a cognitive role, as objects of knowledge. Knowledge of universals demands different types of individuals as their “food”. We cannot eliminate species, that is laminate the wealth of the universe as an object of contemplation without putting at stake our possibilities for happiness. This idea, in one way or another, is frequently expressed in conservationist discourse. Species as such cannot be submitted to rights. It is humans who can recognize each other’s right to ask for protection for their lives or for other life forms or for their own interests in connection with biodiversity.

6.2 The Anti-Speciesist Dilemma


Speciesism would be, according to such authors as Peter Singer, a form of discrimination analogous to racism or sexism, and therefore unfair. The anti-speciesist asks that no living being should be discriminated against because of the species that it belongs to. However, if we abandon the criterion of species, we have to look for another one in order to value beings and adapt our behaviour to their value, for we have, of necessity, to discriminate. Now, that criterion will be fixed by some concrete characteristic of living beings, not in their mere belonging to a species. For example, we can establish the value as a function of the capacities of each being, the capacity to suffer or enjoy, presence of mind, linguistic or social capabilities, autonomy, etc. However, if we act thus, we would be putting at risk the basic equality between human beings as far as their dignity is concerned. That is to say, the anti-speciesist, who is against any discrimination on the grounds of species, either does not discriminate at all between living beings, which is not a viable course, or puts at risk the equality between humans, which is not to be desired.


If we do not wish to use the species as a criterion of discrimination, we shall need a theory of the value of living beings that fulfilled three desiderata: (i)  it should recognize the objective value of living beings, an important point, for if we only recognize their instrumental value and do not discriminate on grounds of species, then it would follow that some human beings would simply be means of serving others; (ii) it should bring in some non-species-based gradation of the value of living beings; and (iii) it should not violate the equal dignity of all human beings.


We must accept that such a theory has yet to appear and presents a challenge for the ethics of our times. Singer’s ideas, for example, do not fulfill the third desideratum. According to Singer’s ethics, it is in fact the weakest humans that are left unprotected. One can only view with trepidation the fact that the same hand writes in favour of animal liberation and infanticide: “The life of a newborn baby is of less value to it than the life of a pig, a dog or a chimpanzee.”
 After this statement, one might expect Singer to undertake a defence of all of them, but what follows is not that, but an attempt to justify infanticide: “I do not regard the conflict between the position I have taken and widely accepted views about the sanctity of infant life as a grounds for abandoning my position. These widely accepted views need to be challenged [...] None of it shows, however, that the killing of an infant is as bad as the killing an (innocent) adult [...] The grounds for not killing persons do not apply to newborn infants.”


This, obviously, violates the minimal equality among human beings. Further anxiety may be caused by Singer’s lack of clarity on the age of children who, in his view, do not deserve especial protection. He mentions such ages as “a week”, “a month”, “two year” and even “three years”. Singer does not suggest leaving children of three unprotected, although he suggests that it would be no catastrophe: “Of course, where rights are at risk, we should err on the side of safety [...] a full legal right to life comes into force not at birth, but only a short time after birth - perhaps a month.” Singer even sets out the circumstances in which “killing an infant” would be acceptable. Obviously, “we should certainly put very strict conditions on permissible infanticide”. But, in fact, the only condition that Singer sets for infanticide is that “those closest to the child do not want it to live”.


The question is whether it is possible to support respect for animals and their correct treatment, avoiding their rough consideration as machines or objects, avoiding the behaviourist stance that denies them a mind or emotions, without leading to the antihumanist consequences of Singer. I believe that it is possible to find a different basis, which does not lead to disregard for the lives of the weakest human beings.


Perhaps one of the problems of anti-speciesism lies in the fact that the very concept of species is not the most suitable for moral or political contexts. It already has its problems in biological contexts, as we have seen. In ethical contexts, it is mainly individuals and populations that count, as they are concrete entities. When we wish to make reference to humanity as a whole, it is preferable to use an expression with obvious moral connotations and a reference to concrete entities, such as “the human family”, as in the preamble of the Universal Declaration of Human Rights. Cospecificity is not a relationship that necessarily entails emotional, social, affective or moral bonds, while belonging to the same family is. Bonds of this type should be gradually extended to other animals and living beings. For this, obviously, it is necessary for them to be respected within the human family itself. If we manage to recognize signs of familiarity in other humans – in all of them – and if we manage to expand, from the closest to the most distant those bonds of respect and affect that unite us – or should unite us – with our family, and that spring from the most elementary self love, then we shall be ready to go on to a new extension, then we shall be able to have our compassion reach other living beings. It is not therefore a question of abstract reasoning on criteria of discrimination of classes or sets, but to extend the bonds that unite us (or which should) to the other members of our human family.
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