
Chapter Seven

Biological Organization

The Nature of Life
The most difficult part of our work is now done. We have shown how a teleological research strategy can be applied to the study of physical systems without contradicting established scientific results or negating entirely the value of mathematical formalization as an instrument, though not an ideal, of scientific research. We have seen that such a strategy offers us the possibility of making sense out of far more of the empirical data which we confront than does mathematical physics by itself. We now face the far easier task of showing how a teleological research strategy can be applied to biological and social systems --arenas from which teleology was never entirely banished. 

Our first task is to define life, and thus the formal object of biological science. The currently favored approach to this problem is the information-theoretical strategy which we have already seen deployed in the context of Tipler’s argument. According to this view, the organization of a system is its information content; living systems are those whose information is conserved by natural selection. We have already discussed the difficulties with this approach as a general theory of organization. Among other things it makes a crystal more highly organized than a living organism, and thus does not really capture what we mean by organization, as opposed to order. As a theory of biological systems it is even more problematic. Thus, according to Tipler’s theory, an automobile is in fact a living thing. To be specific it is a sort of symbiotic parasite which has adapted itself to cooperation with humans who take care of its nutritional needs and reproduce it in return for the transportation services it provides. Even were it not for the underlying difficulties with the whole information theoretical approach, which carry over into its use as a theory of biological organization, this would render the theory useless. What we want is, precisely, a definition which at least attempts to distinguish between machines and living things, and gives up on this only if no real differences can be identified.

The difficulties of the mechanistic/information theoretical approach should not, however, lead us to embrace vitalism, which was the historical alternative. According to the old vitalist theories, living things were distinguished from nonliving by a distinct “life force.” Now there are two principal difficulties with this theory. First of all, at a logical level, it is purely tautological. It is logically equivalent to saying that something is alive because it has --well, life. This gives us no criterion by which to distinguish between living and nonliving systems unless we believe we can directly perceive or intuit the presence of a life force. This leads to the second difficulty with the vitalist approach. It is, in most of its forms, simply the application to biology of a larger objective idealist agenda which we have already criticized at length in an earlier chapter. Correctly recognizing the inability of mathematical physics to account for the reality of complex organization, life, and intelligence, objective idealism incorrectly infers from this that discursive rationality generally is incapable of grasping these principles which are accessible only to an intellectual, aesthetic, or religious intuition. The ultimate object of this intuition is God, but at each level of organization there is some principle which reflects the organizing presence of the divine. Thus Teilhard’s radial energy, the vitalists’ life force --or the structural functionalist “ultimate reality.”

Fortunately, there are, however, ample resources within the dialectical tradition to arrive at a definition of life which avoids both mechanist and vitalist errors. Our starting point here should be the definitions of the first great biologist, who was none other than Aristotle himself. What we call living systems include all but the lowest rung in Aristotle’s hierarchy of forms. Mineral systems, we will recall, have the capacity to retain their forms. This does not qualify them as living. Vegetative systems, however, add the capacities for nutrition and reproduction. This is what sets them apart form mere crystals or machines. Animals add the capacity for sensation and locomotion, which will also attempt to explain as biological phenomena, and rational animals at the ability to know and will intelligibles, capacities which we will argue presuppose the existence of a properly social form of matter. This way of defining life may seem terribly simple minded, but it does correspond remarkably well to what we mean by life in our ordinary language, and thus offers a useful starting point. Aristotle would also seem to settle once and for all the question of whether or not machines --at least those we have created thus far-- are living. In so far as they lack the capacity for nutrition and the ability to reproduce themselves they are not alive. This does not, of course, rule out the possibility that we will eventually create living machines, or even that some of the current artificial life researchers have not already done so, at least at a very simple level. But then we are no longer dealing with mere machines and technology will truly have entered a new epoch. 

Aristotle is not, however, the only dialectical thinker to offer resources in helping us to arrive at a definition of life. Kant’s third critique, the Critique of Judgment, by far his most dialectical work, as well as the work of Hegel, contain important insights which can help us to qualify further our definition (Naser 1995). For something to be alive, it must be a “natural purpose, “that is it must have an immanent teleological structure so that it is, at least in a proximate sense, “both cause and effect of itself (Kant. Critique of Judgment 65).” For this to be true, Kant argues, two conditions must be met.
First, the possibility of its parts (as concerns both their existence and their form) must depend on their relation to the whole.

A second requirement must be met if a thing that is a product of nature is yet to have, within itself and its inner possibility, reference to purposes, i.e. if it is to be possible only as a natural purpose, without the causality of concepts, which rational beings outside it have. This second requirement is that the parts of the thing combine into the unity of a whole because they are reciprocally cause and effect of their form (Kant. Critique of Judgment 65). 

Kant’s criteria add two things to Aristotle’s definition. First of all, they provide another way in which we can distinguish between a living organism and a machine which is structured to serve and end, and in that sense is also organized teleologically. Specifically, Kant insists that the teleology be immanent or internal so that it is apparent not only from the standpoint of the overall design or ordering of the parts, but also in the parts themselves. Thus a transistor or memory chip or electrical motor can be placed in any of a variety of machines, where it will serve similar proximate but very different ultimate purposes. A cell, however, has within itself the same ultimate purpose --to survive and reproduce, and thus participate in Being-- as the organism as a whole, even if cells in different parts of the organism serve very different proximate purposes. Second, Kant’s definition makes clearer than Aristotle’s the role of the final cause in determining the structure of the organism. The end or  is the organizing principle which ultimately determines even the inmost structure of the individual elements.
As Curt Naser points out (Naser 1995), drawing on both a careful exegesis of the Phenomenology and on Errol Harris’ work in dialectical logic, Hegel’s treatment of life builds on Kant’s definition, while recasting it in a way which brings out more clearly the mutual determination of part and whole. What Hegel does is to recast Kant’s criteria in terms of the dialectic of being in itself and being for itself. 

The demonstration of the unity of these determinations suggests that what an object (or a subject, i.e., a knowing consciousness or self-consciousness) is for itself, it is only through another, or it has its being only through its relations to another 

... each moment contains within itself both itself and its other (Naser 1995: 14)

Naser is quite careful to point out that we ought not to be too quick to identify this radical, internal relationality with the storage of information regarding the structure of the organism in the genome. The genes code for proteins and nothing more. 

... the process of ontogenesis is epigenetic, that is it constitutes its own conditions of development from out of itself. The developing system produces from out if the interactions of its parts information not present within any of these parts and this information is necessary for the proper development of the parts of the organism and their corresponding functions. Thus the genome alone is not a sufficient condition of development and cannot be said to contain in any positive way all the information necessary for the development and functioning of the organism (Naser 1995: 12). 

Hegel also adds to Kant’s definition a dynamism which it lacks. Each individual organism, species, etc. is, for Hegel simply a more or less adequate expression of the underlying organizing principle of the universe as a whole, which he calls the Idea. In so far as it is finite, it is ultimately not adequate to its ground, and thus dies or experiences extinction and the Idea drives towards ever more perfect expression of itself. 

Universality, in the face of which the animal as a singularity is a finite existence, shows itself in the animal as the abstract power in the passing out of that which, in its preceding process, is itself abstract. The original disease of the animal, and the inborn germ of death, is its being inadequate to universality (Hegel. Encyclopaedia of the Philosophical Sciences 37).

This insight, which is coherent with our discussion of entropy in the previous section, helps us to further explain how the ultimate meaningfulness of the universe is consistent with such unpleasant realities as suffering, death, and extinction.

Thus the earlier Aristotelian and the later Kantian and Hegelian dialectics together allow us to advance clear definition of life. While physical systems are merely the possibility of organization, biological systems are actually organized. They are, that is, structured in such a way as to order the material conditions of their environment to a definite end, i.e. minimally but not only survival and reproduction, and thus their own participation in Being. This organization, while it emerges on the basis of a definite physical matrix, which alone makes it possible, and in response to some teleological attractor, is authentic self-organization: i.e. it is not the product of an external intelligence which has organized physical matter with some purpose in mind.
 Precisely because of its teleological ordering to an end higher than itself, life is never content with any finite form. Thus the reality of death, but also of evolutionary development.

The Life Process

With this definition in hand, we are now in a position to show how a teleological research program can explain the phenomena associated with life. Specifically we need to show how such a program would approach 

a) such fundamental life processes as nutrition and metabolism, reproduction and morphogenesis, sensation and locomotion,

b) the interaction of diverse organisms with each other and with their physical matrix in a 

definite ecosystem, and

c) the problem of evolution. 

This means attempting to explain each phenomenon in terms of the underlying material conditions, structural factors, and teleological attractors. Clearly here we can, and need, offer no more than a brief sketch which will suggest the usefulness of the research program. The development of a teleological biology, like that of a teleological physics, depends on real empirical research. 

In the case of the basic life processes the underlying material conditions are those given by physics generally, but most especially those given by nonequilibrium thermodynamics, which we had occasion to discuss earlier in this work. At the very most basic level, life involves the emergence out of the physical matrix of systems which are capable of exchanging matter and energy with the environment in such a way as to create, maintain, and reproduce teleological organization of the sort defined above. The sense in which this presupposes the basic characteristics of physical organization, such as spatiotemporal extension, gravitational and nongravitational interactions, etc. should be obvious to the reader of the last section. We have also discussed the role of entropy and other basic thermodynamic relations in the life process. Of more immediate relevance, however is the problem of showing how it is possible, at least locally to resist the thermodynamic gradient and create organization. Here the results of Prigogine’s early work (Prigogine 1977) are particularly important. In systems far from equilibrium, in which exchange of matter and energy with the environment is possible, fluctuations from equilibrium and thus more or less enduring structures, are not only maintained but actually intensified, so that, structures can become increasingly complex and better able to maintain their own integrity.

One of the most interesting questions here is just what sort of underlying chemistry makes biological organization possible. Is life bound to the carbon atom or not? On the one hand, there are a number of characteristics of carbon based chemistry which make the development of complex organization particularly easy --most notably the capacity of carbon to form a variety of very flexible covalent bonds with a wide range of other elements. But this does not mean that carbon based chemistry is the only one which is capable of giving rise to life.

It must be noted, however, that nonequilibrium thermodynamics, while showing how life is possible, does not really explain why it emerged. For this at least higher orders of explanation --structural and teleological-- are necessary. It is above all the mutual determination of parts and whole which characterize the structure of living organisms. Clearly genetics has a great deal to do with this, in that in even the largest and most complex organism, information which is somehow associated with phenotypic traits is encoded in every single cell of the organism. But we have also noted the limits of genetic explanation. Genes code for proteins and nothing more. It is not clearly why some genes are expressed in some cells and other genes in other cells, nor is it clear just how the information in the genes which codes for proteins is associated with and perhaps translated into macrostructures during the process of morphogenesis. Here the insights of Kant and Hegel are especially useful, and are coherent with current thinking regarding morphogenetic fields (Sheldrake 1981, 1989). The idea here is that the organism as a whole constitutes, but is also in some as yet mysterious way constituted by, a morphogenetic field so that the position of a particular cell in the field determines which genes are activated and which are not, and thus which proteins are produced, where they go, etc. 

The principal objection raised to this theory is that is unclear just in what these fields actually consist and how they work, i.e. in how they might be described in mathematical physical or mechanical terms. There is some evidence for the existence of purely chemical gradients within the body which might do some of the work and clearly this is an important area for further research. Such gradients could not, however, be at work between organisms separated by a considerable distance, nor between the inorganic chemicals which all seem to have “learned” to crystallize more or less simultaneously at different points around the planet, a point which to which Sheldrake attributes great significance. Fields of this sort might being exploiting quantum nonlocality, though this latter phenomenon is itself so poorly understood that we are very far from being able to even speculate how.

While research regarding the quantum mechanical and chemical basis for morphogenetic fields continues (properly part of the material conditions for life), it is important, however, not to become caught in a mechanistic reductionism --a reductionism which is deeper than that of mathematical physicists themselves. When quantum theorists find that a system is well described in field theoretical terms they do so without requiring that there be some more fundamental substratum out of which the field is constituted, even when they have not demonstrated that the interaction they are describing is itself fundamental. And if the exchange of information in the field requires “particles” then they posit them, figure out what properties they would have to have in order to carry out the function for which they were posited, and then ask the accelerator technicians to start looking for them. While I am hardly recommending such a procedure with respect to morphogenetic fields, I am suggesting that the fact that we do not yet understand what physical substratum these fields have and how information is exchanged across them does not mean that using the idea is somehow unscientific. We need only develop research plans in order to understand better how these fields work, how they interact with the genome, and indeed whether or not the genome and/or field approaches are really the most adequate ways to understand the structural determinants of the life process. 

Nonequilibrium thermodynamics explains how life is possible; structural studies of organisms, including genetic and morphogenetic theory describe how life takes place. Neither, however actually explains why the possibility of life is actually realized, and why it is realized in the way that it is. For this it is necessary to have recourse to properly teleological explanation. The fact that purposeful organisms are possible and are structured in such and such a way does not by itself explain why they exist. In order to identify the teleological attractor we need only look for what actual living organization has over merely physical order, such as that of a crystal. And here the term of the argument can only be metaphysical, even if it points back to and helps explain a definite body of empirical evidence. What organisms have that crystals do not is a higher grade of or share in Being. Specifically, organisms can build themselves up rather than merely being built up by chemical processes in the environment. They can, within definite limits, sustain themselves against fluctuations in the physical environment. And they can, finally, reproduce themselves, so that their form, if not their particular physical substratum, endures (albeit with changes) over an arbitrarily long and possibly infinite period of time. 

Once again, and even more so than the notion of morphogenetic fields, this idea requires a break with the mechanistic reductionism promoted by mathematical physics. What we are positing is, in effect, a properly ontological gradient which operates against the entropic tide even as it uses this tide to its own purposes in higher order biological processes, i.e. evolution. Life can emerge because of laws of nonequilbrium thermodynamics makes it possible. When it does emerge it takes on certain structural forms which appear to be encoded in both the parts of the organism (genetically) and in the whole (morphogenetically). But life emerges because of the presence of a teleological attractor, Being itself, which activates the latent potential of matter, catalyzing a dynamic yearning for organization, and draws it into actuality. 

The metaphysical pole of this gradient may be immaterial (because it is fully actual), and thus not accessible to empirical observation. But its effects are empirically observable and show that the ontological gradient we are describing does in fact exist. There is no purely physical reason why chemical systems have to develop into organisms, but they do. This itself establishes the gradient’s existence. 

Ecosystems

Our very definition of life means that biological organization cannot be considered at the level of the individual organism alone. Life means, among other things, exchange of matter and energy with a physical substratum or with other organisms which are treated as (or which treat the organism in question as) a source of physical raw materials and energy. Thus any dialectical biology necessarily includes and presupposes an ecology, which explains the ways in which organisms interact with each other and with a physical environment. Such a biology, must, among other things, explain both the ways in which particular organisms exchange matter and energy with their environments, as well as the structure of the ecosystem as a whole.

The material conditions for an ecosystem include, first of all, a certain sort of material substratum. As in the case of individual organisms, one of the most interesting questions concerns just what sort of physical environments make life possible. This, in turn, of course, depends on what sort of chemical substrata can give rise to life. Is life possible on planets vastly different from earth or even in nonplanetary environments, such as the surfaces of neutron stars or in interstellar plasmas? Such questions are especially important in assessing the likely extent of life throughout the universe and the extent to which all matter is or can become animated.

In addition to a suitable physical environment, however, any stable ecosystem must be characterized by at least a minimal level of biodiversity. In the only ecosystem with which we are familiar, that of the Earth, this has come to mean one which includes both autotrophs and heterotrophs --and, among the heterotrophs, a sufficient diversity to include both predator and prey. Other ecosystems might, however, be organized very differently. 

The question of biodiversity, however, already points beyond the material conditions for the existence of an ecosystem to its internal structure. This is because the various species which make an ecosystem diverse are differentiated first and foremost by the niches they occupy and by their strategies for survival. By a strategy here we mean a more or less consistent plan for (or in the case of subrational organisms, consistent, patterned way of) organizing, developing, and deploying resources in order to carry out the mission of the system in question, in this case, survival, reproduction, and any higher order purposes which may have emerged. We have already seen that population biologists distinguish between “r-strategies” centered on a high reproductive rate and low investment in the individual organism and “K-strategies” centered on highly efficient “exploitation” of the environment, something which usually also entails a higher investment in each individual, who must learn the techniques involved in so exploiting the environment. This is, however, only a very broad distinction. One of the most important aims of a teleological biology would be to characterize and explain the origin, development, and ultimate destiny of each of the multitude of survival strategies developed by all of the many species we encounter. Indeed, one way to distinguish among species is precisely on the basis of their survival strategies.
 

Species-specific survival strategies, however, exist only in the context of the ecosystem as a whole, which is structured in such a way as to make certain strategies viable and others not. The ecosystem does this by making available certain definite niches or loci within the ecosystem’s survival space, which are available for individual species to exploit. Biologists have already developed empirically based classifications of ecosystems, but these are largely descriptive and do not really grasp the underlying structures in question. One of the key tasks for a teleological biology will be to develop a “periodic table” of ecosystems based on an grasp of the underlying principles by which they are structured --something like either the periodic table of elements or the “periodic table” of modes of production developed by historical materialism. Only then will it become possible to explain ecosystems fully. Only after the structures have been defined will it become possible to explain how and why they develop. 

Ecosystems, however, are not static. Indeed, ecosystems in the full sense --i.e. as including diverse organisms as well as a suitable physical environment-- are by nature an emergent reality. The first organisms related exclusively to physical matter for the simple reason that there were as yet no other organisms to which they could be related. These organisms, furthermore, both transformed the physical environment and, through an evolutionary process, gave birth the diverse forms of life which now exist. On the one hand, through their own metabolic interactions with the physical environment, primitive bacteria, and later early autotrophs, changed the chemical composition of that environment, giving rise, among other things, to the high-oxygen atmosphere which we enjoy to day. On the other hand, as this environment changed, new niches opened up and new species emerged to fill them, thereby creating still more niches for still other organisms. At the same time, certain niches which previously existed may be exhausted or destroyed by the accumulation of toxins which are the metabolic byproducts of emergent species.

Two points are in order here. First of all, there is clearly a drive within any ecosystem towards ever higher degrees of diversity and complexity. This is a trend which can not only be verified empirically but which can be shown to be a necessary result of the internal bio-logic which governs ecosystems as such. Second, this trend toward higher levels of diversity, while it appears as the result of a teleonomic “push” rather than a strictly teleological “pull”
 (or at least can be explained without reference to such a pull), never the less reflects the same ontological gradient which we noted at the level of the individual organism: i.e. a gradient towards a higher degree of participation in, and thus a larger share of, Being. 

The Evolutionary Process
What this whole analysis suggests, of course, is that life is, by its very nature, a dynamic, evolutionary process for which self-preservation and self-transformation are one and the same thing. This much, at least, is not contested by the dominant mathematical physical paradigm which dominates most contemporary biology. Unfortunately, however, the easy agreement stops here. Neo-Darwinism, which we have shown represents the application of mathematical physics to the problem of evolution, is inadequate both in its characterization of the evolutionary process itself and in the explanation it offers. At the level of definition, the problem concerns the emergence of higher levels of organization. Early evolutionary theory, including Darwin’s, and even much Neo-Darwinian thinking up through the mid to late twentieth century, simply took for granted that evolution involved the gradual emergence of increasingly complex, more highly organized species. Evolution, in other words, was seen as a progressive process. Indeed, Darwin himself was reportedly profoundly distressed when he learned of developments in thermodynamics which seemed to undercut the progressive cosmohistorical implications of his doctrine. More recently, however, evolutionary theorists --lead especially by Stephen Jay Gould-- have begun to insist that while there is an evolutionary trend towards diversity, we cannot speak meaningfully of evolutionary progress. Species simply fan out to fill available niches --and become extinct when their niches are exhausted or destroyed.

Now this understanding of evolution is certainly more compatible with the internal logic of Neo-Darwinism, and even of classical Darwinism, than the progressivist position. If evolution is simply the result of random variation and natural selection for survival value then there is no reason to believe that there will be either a push or a pull towards higher degrees of organization. On the contrary, relatively simple forms, such as bacteria, have a better track record for survival than more complex organisms. There are, however, three distinct problems with this view. First of all, there is the simple fact that while much evolution may be merely horizontal differentiation, more complex organisms, defined in terms of higher order capacities, do in fact evolve. As we will see this fact creates problems for the whole logic of the Darwinist system. Second, horizontal differentiation, provided it is accompanied, as it always is, by higher degrees of integration, does mean higher degrees of organization at the level of the ecosystem. A 103 species ecosystem with complex lines of interdependence is, or at least has the potential to become, more highly organized than a 10 species ecosystem. Finally, as we noted above, organisms do not simply adapt to their ecosystems. They adapt their ecosystems to themselves. And this is not only a characteristic of complex organisms pursuing K-strategies, like ourselves. It was, after all, primitive bacteria and archaic autotrophs which rendered the planet habitable for us in the first place. Now such transformation of the ecosystem certainly can be degrading, and we have no reason to believe that it will always be progressive. At the same time, the historical record is clearly toward increasing differentiation, punctuated to be sure by periods of crisis, as various ecological regimes ran up against structural limits and collapsed (Lerner 1991: 302-312). We should also note that even in the context of a market economy which orders all resources to a maximum return on investment, as people have become aware of environmental degradation there has been a real movement to halt it, so that humanity’s net impact on its environment is progressive, contributing to rather than degrading diversity. 

For these reasons a teleological biology must understand evolution as inherently progressive --as involving not only horizontal differentiation, but also the emergence of qualitatively more complex and highly organized forms of life, i.e. organisms with higher order capacities, which can do things which simpler organisms cannot. This means the development of sensation and locomotion and eventually of intellect and will. Evolution of this sort cannot be explained adequately in terms of random variation and natural selection. We have already noted that random variation does not produce useful innovations at either the rate we observe in nature, nor at a rate which would be sufficient to have given rise to even simple protein chains by this point in the earth’s history. Molecular biologist Barry Hall, we will remember, has found that the bacterium E. coli produces needed mutations at a rate roughly 100 million times greater than would be expected if they came about by chance. Nor can random variation and natural selection account for the fact that such changes seem to occur rather suddenly, rather than in gradual increments, as the theory of natural selection would suggest. A retina or a cornea, after all, without the rest of the organ, would have no survival value by itself, and would be unlikely to be preserved in future generations. 

We have also noted there is no reason to believe that random variation and natural selection for survival value would lead to the sort of progressive evolution we actually observe. We must, therefore, have recourse to an alternative theory.

This is an area in which there has been considerable work in recent years. Biologists have identified two distinct types of processes which they believe contribute to the development of increasingly complex forms of life. Molecular biologists have found that the genome operates as a complex interrelated totality, with some genes regulating the operation of others. Random mutations in some parts of the genome, where they threaten to undermine well established life processes, are systematically corrected, while others, in areas where experimentation seems promising, are permitted. At the same time, small changes in one part of the genome can trigger fundamental structural changes in the system as a whole. This is why animal breeders, in the process of selecting for certain traits, so often produce undesired side effects. It also helps to explain how whole new structures (such as the eye) with significant survival value, might have emerged all at once. Variation, furthermore, is constrained by the material out of which organisms are built. Genetic instructions to construct an elephant with legs as thin as those of an ant, Kevin Kelly points out, simply cannot be carried out. Matter, as potential organization, provides life with certain structural options, but systematically excludes others. This is another reason why structural leaps are more common than incremental changes. The genome must undergo considerable internal reorganization before it can produce a new form which is both structurally different and viable. This complex of phenomena has led some biologists to suggest that the genome contains algorithmic search instructions which help it to discover mechanically stable, biologically viable, ecologically progressive, new forms. Life, it appears, is at least incipiently creative and self‑reorganizing. At the same time there is growing evidence that cooperation plays an important role in the evolutionary process. Biologist Lynn Margulis, for example, has argued that nucleated cells, with their specialized organelles devoted to photosynthesis and respiration, and their genetic high command, came about through symbiosis, when membraned cells incorporated bacteria which had already developed these processes and the structures necessary to carry them out. These new developments suggest that natural selection is only one of many processes which contribute to the emergence of new, increasingly complex, forms of life. And its contribution is largely negative. Natural selection, as biologist Lynn Margulis puts it, is the editor, not the author, of evolution. The creative self‑reorganization of matter, and symbiosis, the cooperation between organisms, play the leading role (Waddington 1957, Lenat 1980, Sheldrake 1981 and 1989, Denton 1985, Wesson 1991, Margulis and Fester 1991, Kelly 1992).

Even these postdarwinian theories, however, have marked limitations. Essentially they focus on mechanisms for genetic or morphogenetic innovation and are not really comprehensive alternatives to Neo-Darwinism. How would a teleological biology approach this problem? We should note, first the fundamental importance of certain definite material conditions, which we have already noted earlier. For evolution to take place there must be both new, as yet unexploited ecological niches, or at least the possibility that existing organisms or larger geodynamic processes will create such niches, but there must also be certain definite thermodynamic conditions: both the nonequilibrium laws which make possible the development of more complex structures, and the entropic tendency towards disintegration which weeds out less effective organism. The first of these thermodynamic tendencies is what is ultimately behind the new mechanisms for innovation being developed by postdarwinian theorists; the second tendency is what is ultimately behind natural selection. 

Second, evolution is governed by certain definite structural dynamics: i.e. dynamics which have to do with morphology, physiology, or, most importantly, with strategies for survival and reproduction. Some of these operate at the level of the individual organism. Thus postdarwinian theorists often point out the existence of selection factors quite distinct from “survival of the fittest.” An organism with the body of an elephant and the legs of an ant simply can’t be constructed and will not even be permitted to test itself in the contest for survival. The most important structural dynamics, however, are those which have to do with the emergence and exhaustion of ecological niches and ecostrategies. Eric Lerner has given a compelling account of the evolutionary process in just precisely these terms. The earliest prokaryotic organisms, he points out, derived their energy from fermentation. This is an inefficient process which produces waste products, namely alcohols, which themselves still contain quite a bit of energy. Eventually the accumulation of waste products seems to have provoke a sort of crisis and after about 2 billion years we see the emergence of primitive autotrophs --specifically cyanobacteria-- which could engage in photosynthesis. Initially this helped rescue the prokaryotes, which fermented the food produced by the cyanobacteria. But eventually the build-up of oxygen began to poison them, leading to another crisis. One cell’s poison, however, is another cell’s pastry, and the high oxygen atmosphere made possible the development of organisms which engaged in respiration, i.e. the oxidation of their food, rather than in fermentation. Respiration, furthermore, returns to the atmosphere the carbon dioxide which autotrophs need for photosynthesis. Each step in this process, furthermore, involves an increase in energy flow and thus in the capacity of the organism in question. Subsequent stages in the evolutionary process --development of multicelled organisms, land organisms, reptiles capable of living away from large bodies of water, and eventually of warm-blooded bird and mammals-- each overcome definite structural obstacles and led to the development of higher order capacities (Lerner 1991: 302-306).

The potential of this sort of analysis, particularly if joined to postdarwinian accounts of the sources of genetic and morphogenetic innovation, should not be underestimated. Lerner has sketched out for biology a theory not unlike the historical materialist account of social development, and one which merits further elaboration and empirical testing. At the same time, we must point out that evolution, at least the progressive evolution we actually observe, cannot be explained exclusively in terms of material conditions and structural dynamics. Together with postdarwinian accounts of the sources of innovations, Lerner’s theory shows how progressive evolution occurs, but not why. It would, after all, have been possible for primitive prokaryotes to simply die out when they reached a crisis point, or to develop an ecostrategy which was different, and allowed them to get around ecological blockages without developing higher order capacities as measured, for example by efficiency of energy uptake. Here teleonomic push is insufficient. As with the problem of the emergence of life in the first place, the option for higher order development can only be explained in terms of what was gained, and thus in terms of a teleological attractor. By developing higher order capacities, organisms not only evade crises, whether externally imposed or written into their ecostrategies and thus of their own making; they also gain a greater share in Being. Once again, we return to the ontological gradient. Life begins simply as a way in which complex systems conserve and reproduce their structure through exchange of matter and energy with the environment, but it rapidly becomes a way of acting on that environment in order to create new possibilities and new, ever more complex forms of organization. Life, in other words, is already incipiently labor and thus to the social form of matter, to which we must now turn. 

� The finitude of the organism, and its ordering to higher ends, is also manifested in a more immediate way, in the phenomenon of excretion. The organism is finite in part because of its inability to perfectly assimilate to itself everything which it consumes, and is forced each day to give back to the universe part of what we have taken from Her, just as we are ultimately forced to give ourselves over wholly to Her in death. This is, perhaps, why we find the excretory act, and especially defecation, so humbling, but also, strangely, an occasion for reflection and even meditation. For it is only in recognition of our finitude that we can thematize our aspiration for the infinite and begin the search to act in a way which makes us connatural with God. 


�A brief note would note be out of place here regarding the relationships between mechanism, teleology, and “the argument from design.” Contemporary scholars often confuse teleological and design reasoning, but in fact the two could not be more distinct, nor could the sorts of God to which they conclude be more different. Teleological explanation involves the discovery of an immanent purposefulness which is written into everything existing as the very condition of its existence and concludes to God always and only as a final cause, who draws things into Being by Her transcendental Beauty, Truth, Goodness, and Oneness, in which they participate to the degree of their organization. Design reasoning, on the other hand, is mechanistic at base, assuming that the only the intervention of an external intelligence could structure things in such a way as to give them the appearance of purpose. In this sense, design reasoning, while it always had a certain force in Augustinian circles, is most characteristic of the period between the ascent of mathematical physics in the seventeenth century and the discovery of the Second Law of Thermodynamics and the Poincaré Recurrence Theorem, which called into question the ultimate purposefulness of the universe, in the nineteenth. To distinguish between teleological and eutaxiological reasoning, as Barrow and Tipler (Barrow and Tipler 1986) do, while useful, does not resolve this problem. This distinction captures the difference between organization, or ordering to an end, and mere “good order,” but not the difference between teleological and mechanical causation.





� There has been a tendency within biological taxonomy to polemicize against what is known as the “essentialist” understanding of species deriving from Aristotle, on the grounds that it ignores the diversity within populations and is ahistorical and thus incompatible with evolutionary theory. This tendency is most marked among advocates of what is called numerical phenetics, an approach to classification based on quantitative comparisons of observable (usually biochemical or morphological) characteristics, but it is also apparent among advocates of cladistics and evolutionary classification, who classify on the basis of genealogy, the first with, and the second without the assumption that evolutionary changes are dichotomous and involve the extinction of ancestral species (See Mayr 1982: 269-288). Definition of species in terms of their ecostrategies, however, is formally equivalent to the classification of social formations in terms of their modes of production. As Scott Meikle has shown (Meikle 1985) this involves grasping the inner, organizing principle or essence of a mode of production --something which is by no means static and which does not require negation of internal diversity within a society. By moving away from the focus on biochemical, morphological, and genealogical comparisons and towards a focus on ecostrategy (or rather relating the former to the latter), biologists should be able to elaborate a taxonomy which has the same sound epistemic status: grasping essence and not merely similarities in approach, while at the same time avoiding the dangers of stasis. 


� The distinction is due to Roy Bashkar (Bashkar 1993). A teleonomic push is a drive toward a higher degree of organization which arises as a result of the working out of logical, physical, biological, social or other laws governing a system. A teleological pull is a drive towards higher degrees of organization which is a result of attraction to some material or immaterial principle outside the system. It is not surprising that at the level of the ecosystem we should see a teleonomic push rather than a teleological pull. The ecosystem itself, while in some sense a higher order reality than the individual organism or species, has no organ or faculty by which it can perceive a teleological attractor, i.e. a good outside itself. Rather, it is pushed toward such attractors by the structured interactions of individuals which do perceive such goods. We will see the same phenomenon at the level of human societies, which appear to be driven towards higher degrees of organization first and foremost by internal contractions of the sort identified by Marx and Engels --an example of teleonomic push. That such contradictions lead to higher levels of development however, rather than to disintegration or mere horizontal differentiation, is a result of the structured interactions between individuals who do perceive higher Goods. The discovery of teleonomic push represents an important scientific --and metaphysical-- advance. It is a scientific advance because it permits the more complete and economical explanation of observed changes. It is an important metaphysical advance because it documents the latent and awakening dynamism of matter which is, to be sure, dependent in the last instance (but only in the last instance) on an immaterial attractor (i.e. God) but which always and everywhere participates actively in its own self-development.
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