The Philosophy of Evolution (1) - # 3

Haeckel’s theory of causation

The philosophical question is, How do we know that this, or any other, knowledge is the truth? Knowing has an object, it has content. Is this knowledge true and does it enable us to really understand reality? Can we then move from that understanding to ethical judgments? Do we become better people as a result of this understanding, and does it further our civilization? These are philosophical questions. We are taking the subject of evolution from both the scientific and philosophical standpoints, because of its importance. Its importance derives from the fact that science has been totally preoccupied with it for 150 years, and Sri Aurobindo made it the foremost theme of his writing. So if we didn’t think it was important before this course began, we should now think it is important! And then we should discover why it is important.

The beginning of the course, then, is an exploration of the beginning of the discovery and elaboration of the theory, in the words of some of those who are the most articulate, and then we will follow up scientifically some of their intuitions and observations, and then move on to other levels of understanding and contemplating this content. So now, we pick up some concepts, reflections, and associations of ideas concerning the theory of evolution.

I have given an excerpt of the first chapter of Haeckel’s book The Evolution of Man (1874, appendix 3). He was the foremost early German philosopher of evolution. He was an embryologist and a very good artist. Many of his illustrations were published in Darwin’s books. He has done a lot for the theory of evolution by making hundreds of very precise drawings of comparative embryology. And he arrived at a theory all his own which I think we should review. It leads to some interesting ideas, though Ernst Mayr will tell us that this theory has been refuted and is not true. But that’s fine; it was interesting and exploratory and we can still learn a lot from it. He said,

“The history of the germ (the seed), is an epitome of the history of the descent. (p. 6)” The germ carries the history of the descent of the species. This has become a very common idea, but he points out that at that time almost no one, except for a few doctors, had observed embryos, (much less chromosomes or genes). He observed a lot of embryos and knew every stage of the development of the embryo in many different species. His theory is based upon those empirical observations and thoughts. Or, in other words, he says, “Ontogeny is a recapitulation of phylogeny.”  Ontogeny means the development of the individual seed (embryo) and phylogeny is the history of the species. “Or,” he says, “somewhat more explicitly, the series of forms through which the individual organism passes during its progress from the egg cell to its fully developed state is a brief compressed reproduction of the long series of forms through which the ancestral forms of its species have passed from the earliest periods of so-called organic creation down to the present time. (p. 6-7)” 

“The causal nature of the relation which connects the history of the germ with that of the tribe,” this is the theory that ontogeny recapitulates phylogeny – by tribe he means the history of the descent of the phylum. 

Now we can look at some pictures drawn by Haeckel (p. 363). We can imagine that the embryo of the animal (man) goes through all of these stages of development, and there is a causal relation which connects this history of the germ with that of the descent of the tribe – all the related species that have developed through time. “The causal nature of the relation is dependent on the phenomena of heredity and adaptation. When these are properly understood and their fundamental importance in determining the forms of organisms recognized, we may go a step further and say that phylogenesis is the mechanical cause of ontogenesis. (p.7)” All those forms that have preceded a specie’s development come together as a causal determinant of the present form, unfolding sequentially in the embryo, from the worm to the fish to the reptile to the earlier mammalian forms to the present form.

Scientists are looking for cause-effect relationships. We can see that the embryo is recapitulating the species from which it has descended so we must ask how it happens.  He decides that it does this because what the parent is, is the result of all that, and somehow, through heredity it causes the same thing to repeat in its offspring. They didn’t know about genetics yet. But they knew heredity was happening, that variation and change were happening, and they asked themselves the question How? Haeckel had a very active imagination, and he decided that heredity was the mechanism and it was caused by the historical pattern itself being present in the parent.

Later he says some other very interesting things. “For example, from the fact that the human egg is a simple cell, we may at once infer that there has been at a very remote time a unicellular ancestor of the human race, resembling an amoeba. From the fact that the human embryo consists of two simple germ layers, we may at once safely infer that a very ancient ancestral form is represented by the two-layered gastria. A later embryonic form of the human being points with equal certainty to a primitive worm-like ancestral form which is related to the seasquirts or ascidians of the present day. But the low animal forms which constitute the ancestral line between the unicellular amoeba and the gastria and further between the gastria and ascidian form can only be approximately conjectured with the aid of comparative anatomy and ontogeny. (p. 9)”

Modern genetics has established that our species has in fact descended from worms, gastropods, starfish, insects, coelacanths, frogs, and shrews before primates (see illustration, Intro p. 86). This is well established science. It is really remarkable. Haeckel was right, and he got it by observing embryos. It is now absolutely certain what this line of development was. By the way, the worm stage of our development was 600 million years ago, the gastropod was the starfish stage was 570 mil years ago, the coelacanth was only 425 mil years ago, and the shrew stage was about 80 mil years ago, around the time of the extinction of dinosaurs. This is the line of descent of the phylum chordata, of which we are the most recent species. All these guys have the same nervous systems and genetic make up as we do but it has become more complex as tine has gone on, and now it is known precisely at what time in history when each stage developed.

Now it is known at what time in history the hox gene added more nucleotides to make further organ development possible. This is the gene that determines the sequential development of spatial organization and placement of organs in the embryo and where to put the head and tail. It consisted of one nucleotide chain at the time of the worm stage, and replicated itself again and again until at the present time in the human being it consists of 38 nucleotide chains, and each activates some aspect of the development of organs at the right time in the embryo. The stages of the embryo are there as a result of the hox genes, which stimulate the sequence of development, not because the parent carries those forms. Developmental forms are in fact often missing in the embryo. (A larger discussion of this topic is given in the audio file.) Much of Haeckel’s book is an effort to explain why this is so, because it contradicts his theory. The pre-existent forms are not the causes, although they are a visible sign of connectedness and the continuity of forms. (See Haeckel, p. 363: embryos of fish, salamander, tortoise, chick, etc.)

He was also preoccupied with this idea, that “From this theory we first learn the efficient causes of individual evolution… and we perceive that such mechanical causes alone suffice to effect the evolution of the individual organism, and that the co-operation of designing or teleological causes, that such final causes which were formally universally assumed are unnecessary. (p.16)”  He hasn’t actually discovered any efficient causes. He has postulated that the phylogenetic descent of forms causes the stages of embryonic development. But this is a fundamental error in human thought, which was the subject of Hume’s philosophy. We infer, from related events that recur, causal relationships. Even today it is not known exactly how the hox genes cause the related stages and sequences of the development of the organs. At the same time, it has been discovered that there are many different areas on the genes that produce chemicals which stimulate different processes, and there is no clear direct causal relationships but only a close observable proximity of chemical events. On this basis there is experimentation, for example transplanting the hox gene, or the related pax gene, which is associated with eye development, from a mouse to the leg of a fly which then grows an eye on that body part. But it doesn’t stimulate mouse eye development; it stimulates the compound eye development of the fly. Hox genes are universal in the animal kingdom and yet they stimulate the development that is appropriate in all species. More complex species have more complex genes which determine the body plan. (See body plans, Intro p.86) 

These pictures indicate six different body plans of distinct phyla which have all derived from the same amoeboid cell; they are phyla in the consecutive sense of descent from a common origin. The phylogenetic descent is pictured there, and in the embryo of each we may presume that the forms of the prior species are there. But again, how this happens is not really observable. By comparing the phylogenetic descent of species, and the progressive development of body plans, we can infer along with Haeckel that the earlier forms are somehow contained in the later, and now we also know that their genes have been passed along by heredity in a perfect continuum. And we can infer, along with Mayr, that Haeckel’s hypothetical interpretation of forms as efficient causes, or that ontogeny recapitulates phylogeny, is disproven by genetics. (The audio file contains a rather long digression, concerning the appearance of different life forms in deep biological time, deleted from the text because it is taken up later in lecture 4.)

Let’s finish with this section on Haeckel, who says, “The final causes which were formerly universally assumed are no longer necessary. I allude to this matter at this early stage (chapter one), in order to draw attention to one of the most important advances made in any branch of human knowledge during the past ten years. The history of philosophy shows that in the cosmology of our day, as in that of antiquity, final causes are almost universally deemed to be the real ultimate causes of the phenomena of organic life, and especially those of the life of man, the prevailing doctrine of design or teleology. (p. 16)” (Teleology means that things that come into existence in the future are determined by a purpose that was already there, called the final cause. We ended our lecture last time with Aristotle’s idea that there are four causes – material, efficient, formal and final. He now seems to be saying that the formal cause is the efficient cause.) “The prevailing doctrine of teleology assumes that the phenomena of organic life and evolution are explicable only by purposive causes, and that on the contrary they in no way admit of a mechanical explanation. The most difficult problems in this respect which have been before us and which seemed capable of solution only by means of teleology are precisely those which have been mechanically solved in the theory of descent. We shall see in the course of our enquiries how through Darwin’s doctrine of evolution the most wonderful problems hitherto deemed unapproachable have admitted to a natural solution. (p. 16-17)”

I just want to recall these phrases of Haeckel:  “…The series of forms through which the individual organism passes during its progress from the egg to its fully developed state is a brief compressed reproduction of the long series of forms through which the animal ancestors of that organism have passed from the earliest periods of organic creation, …The causal nature of the relation which connects the history of the germ with that of the tribe… Phylogenesis is the mechanical cause of Ontogenesis.” The forms of the past create, causally, the development of the stages of the embryo. The shrew form creates in the next shrew body the same form, by heredity, and if it diverges and becomes another species through variation then that new form will create a reproduction of itself. This is the doctrine of formal causes – the human being always creates more human beings because we embody the human “form”. It is the doctrine of Platonic forms applied to scientific understanding. (In scientific thought no one really believes that the eternal form of the human or the geranium is out in eternal space somewhere determining the forms that exist here, although everyone admits that these types somehow replicate themselves in their offspring, based on experience.) 

(Mayr said the idea that ontogeny recapitulates phylogeny is wrong because the relationship is not causal. The forms themselves don’t cause anything according to genetic theory. But we can hold that idea, because we do observe that forms reproduce themselves. The material cause is the hox gene, the efficient cause is the sperm or egg, the formal cause is the product which looks like the parent, human body that grows up. The final cause is the divine life, the Good, the Supermind.) 

At the same time that Haeckel wants to assert a mechanical cause, the cause that he identifies is the form. All the forms that have evolved before are somehow still exerting a causal effect on the development of the new organism. Few scientists today are going to think that the form of the geranium or the shrew or the human is out there somewhere exerting a causal influence on embryonic development. But there are those today, such as Rupert Sheldrake, who continue to ponder the fact of stability and persistence whereby the form continues to maintain itself virtually unchanged through many thousands of generations. And perhaps we would be well advised to keep in view all four causes identified by Aristotle as necessary to explain the phenomena of life.

Finally, let’s turn to Darwin in the Origin of Species for a more exact representation of his theory. Darwin says, “The many slight differences which appear in the offspring from the same parents, or which it may be presumed have thus arisen, from being observed in individuals of the same species inhabiting the same confined locality, may be called individual differences. No one supposes that all the individuals of the same species are cast in the same actual mould. These individual differences are of the highest importance for us for they are often inherited as must be familiar to everyone. And they thus afford materials for natural selection to act upon and accumulate… These individual differences generally affect what naturalists consider unimportant parts. But I could show by a long catalogue of facts that parts which must be called important sometimes vary in the individuals of the same species. (p. 76)” (So, he says, important parts also vary. For example, the brain of five different generations of humans isn’t the same, although we don’t notice the differences, neither is the location of moles and freckles. We notice only the unimportant variations.) 

Then he says, “It should be remembered that the systematists are far from being pleased at finding variability in important characters.” Because of this propensity for thinking that species don’t change from generation to generation. The shrews have always been there, they haven’t changed in 500 years, the grasshoppers haven’t changed, the potatoes haven’t changed, so they must be eternal. It is much easier for classification if they are eternal. Then he says, “there are not many men who will laboriously examine internal and important organs, and compare them in many specimens of the same species. …Authors sometimes argue in a circle when they state that important organs never vary; and under this point of view, no instance will ever be found of an important part varying; but under any other point of view many instances assuredly can be given. (p.77)”

It is difficult to see, as Darwin might say, how the idea of pre-existing embryonic forms could possibly explain such important individual differences, which in the end may lead to the evolution of new adaptations and new speciation. What Haeckel has observed is the maintenance and gradual variation of phylogenetic (historical) development – an important aspect of evolutionary theory no doubt, but his theory of ontogenesis does not explain the incremental changes pointed out by Darwin as the most important factor of evolutionary change.

The topic that emerges most directly from this discussion is the topic of the emergence of homologous parts in different species that have varied in the same parts. (See illustration, Intro, p. 91) These are turtle, dolphin, bat, bird, horse, human fingers. The idea of variation is that under varying conditions of survival, in one species there will be a gradual selection of those members that have begun to vary and diversify in some advantageous way. And at some point there will be a divergence through gradual minimal changes in a bone structure like these, and there will eventually be an advantage to some members who have developed longer or shorter fingers. You can see this clearly. Notice that the horse has been assigned only three digits four and three, the chicken four, and the others have all five. Let’s look at horse leg development through time (see illustration, Intro, p. 88). Fifty-five million years ago, the horse had these four digits; forty million years ago the horse had three digits here and one there, twenty-five million years ago the horse had these three that were changing significantly,  and as of five million years ago the horse had When the horse was only two and a half feet tall and was not far away from the time when he was a shrew and used his fingers to hold things, he gradually found that his teeth were developing for biting off leaves from trees he didn’t need those grasping fingers any more. And those that had better developed jaws, and hooves for running, to get away from predators faster, those are the ones that survived. In good museums you can see all of these reconstructed stages of skeletal structure and development. 

So, homologous development of important parts has occurred across the members of these species through the gradual differentiation by adaptation, communicated by heredity, with natural selection of those forms that were advantageous. And if very successful, then radial adaptation takes place and a large number of related species with similar homologous development share different niches and are no longer so competitive, (such as quadrupeds that graze for food and share an African savannah). Nature has figured out how to make the principle of diversity most advantageous. And all of those diverse developments share one common genetic structure.
(49:55 – a longer discussion of the evolution of the eye ensues in the audio file)

Brief summary of important points

Let us resume for a moment the recurring themes of the natural processes of change in evolution (generally associated with material and efficient causes) versus eternal forms and fixed types, (associated with formal and final causes), and follow the arguments that preoccupied Darwin and Haeckel a bit further. “It should be remembered” says Darwin, “that the systematists are far from being pleased at finding variability in important characters,” …because of the human propensity for thinking that species remain the same forever. Shrews haven’t changed, grasshoppers haven’t changed, elephants haven’t changed, potatoes haven’t changed in a few hundred or a few thousand years, as far as we can tell, so they must be eternal. And it’s much easier for classification if they are eternal. Then he says, “There are not many men who will laboriously examine internal and important organs and compare them in many specimens of the same species. Authors sometimes argue in a circle when they state that important organs never vary. For these same authors rank those parts as important which do not vary perceptibly. And under this point of view no instance will ever be found of an important part varying. But under any other point of view many instances assuredly can be given.”

Now Haeckel was one of those who was willing to laboriously examine the internal organs of many specimens, especially the embryos of many species, and he certainly didn’t think that important organs were invariable. He perceived many similarities and differences in the “form” of the different stages of an organism’s development. And he came to the conclusion that the forms he perceived were the cause, rather than the effect, of the different stages of development. Moreover, he concluded from these observations of the continuity of variation in forms that they were moving towards a common goal. Thus he demonstrated the persistent and compelling influence of Aristotle’s idea of formal and final causes even on the great scientific minds of the day. On final causes, he writes in that first chapter:

“In undertaking to describe the most important characteristics of these significant phenomena, and to trace them back to their final causes, I shall assign a much greater scope and aim to the History of the Evolution of Man than is usual. …Phylogeny is the history of the evolution of the descent of man, that is, of the evolution of the various animal forms through which, in the course of countless ages, mankind has gradually passed into its present form… the natural evolution of man through lower animal forms.” 

The implication is clear: man was the final cause from the beginning, and the many forms that emerged along the way were in some sense the carriers of his destiny. Even though Haeckel attributes the most important advances of the period to the thrust of Darwin’s efficient causes, away from the essentialism of the past and towards the primary importance of natural processes to explain evolution – variation and adaptation, and in spite of his own devotion to empirical knowledge, Haeckel’s thinking appears to have remained tied to the classical notion of final causes.

Another important topic in the study of Darwinian processes of evolution is “correlated development”- the appearance of organs at the same time in a specie’s evolution, although not all are necessary adaptations. They are structures or organs that are always present together in the species, which emerge in the embryo according to a pattern, coordinated in their successive development by the hox gene. This recurring body plan of a species or group of species was known by Haeckel and others of his day as the bauplan. Cuvier thought there were four distinct body plans in nature, in the 18th century, and today it is generally agreed that there are about 38, still quite a finite number considering the hundreds of thousands of different species that exist. These basic plans have emerged at different time periods and have persisted for such long periods of time that they may seem to be eternal. Along with each plan there is an infinite variety of variations and correlated variations which constitute what we know and recognize as a particular species. This is the phenotype – what we see and know. The genetic pattern that underlies the development of its characteristic structures is the genotype. And we still do not understand the relationship between the genotype and phenotype. 

From the point of view of genetics, material and efficient causes are more evident than formal and final causes. And yet the structures that are apparently the product of correlated development, in a purely mechanical way, may at a later time in the specie’s development become essential for its survival.  Then the form and its purpose seem to be determining the processes of natural selection. Could we then infer that nature was looking ahead when she made genes that had potentials other than those that depended on adaptation and natural selection? Well, Darwin acknowledged a variety of processes, in addition to natural selection, that influence the evolution of species and the emergence of diverse variations of form, in complex ways that we simply do not understand.

