The Philosophy of Evolution (1) - #4

Genetics, variation, and extinction

In the last lecture we made the observation, based on Haeckel’s ideas, that, as he said, the human being has travelled from the annelida, 540 million years ago, through all the phyletic lines of development up to the present. Of course the human being wasn’t there in the annelida, but the idea we get from this conception of descent is that of a continuum of intricately connected development from the origin of life until the present. The picture that emerges from the science of evolution is of an evolutionary continuum that diversifies gradually over an immense span of time.

If we think about the idea of unity in diversity, and the idea of Auroville as a laboratory of evolution, and we contemplate Sri Aurobindo’s idea that this unity exists; it is not something to be created; then, possibly, the study of evolution and the inter-connectedness of everything could help us gain a sense of what unity in diversity really means. When we think about that odd word, which is probably pronounced “hox” and not “hoax” which we share with every species and determines the body plan of every species; or if we think about the pax 6 gene which makes the eye develop in every different type of creature that has an eye – from the earliest eye spot in the paramecium to all the different types of eye that have evolved – if we contemplate this molecular structure that sits in every cell and has been there since the very beginning of animal organisms: in every species the hox gene determines the development of the body and where each segment goes, the structural development is stimulated by that gene in all animals, and the eye structure is stimulated by the pax 6 gene in all animals. That is a kind of unity that is shared with untold thousands of species. We also share other types of unity, such as with other chordates with which we share our mammalian body plan but we do not share it with spiders and starfish. But spiders and starfish are there in the phyletic lineage of which we are the result. Each of the body plans that we discussed last time, and there are about as many as there are hox genes – about 38 different body plans– each one develops according to the stimulation at a particular time in the embryonic process when it is appropriate for the head to form, or some other body structure to form, such as the body cavity, chest, abdomen, legs, etc. Just as in the pax 6 gene, when the eye starts to develop that gene stimulates the protein processing that forms the different parts of the eye structure, which is a group of cells that have a specific function. 

So this is a type of unity. If we observe different animals in nature, if we are naturalists, we recognize behaviors that are familiar to us. It is an incredible experience, and in this environment it is relatively easy to get to know your local termite community and your local mongoose. We observe pets normally in civilization, which are largely products of human selectivity, but we don’t notice it as such a natural phenomenon. In nature we can experience our identity with natural creatures, and we notice that we share not only structures but also behaviors. If we concentrate on similarities between species or between members of a species, if we concentrate on our similarities in this group of human beings, we can experience a very profound identity. We look alike, breathe alike, walk alike, we understand our oneness as human beings, we understand ourselves as the members of a group. But if we look at our differences, we will ask How can we possibly be products of the same genes? None of us is at all like another in many details. So, in our thinking, we tend to reflect this dual nature of reality. There is a way of looking at things which reveals the unity of form, and structure, type, thought patterns, behavior patterns; there is another way of looking at things which reveals the infinite differences in every thing. We can go either way in our study, our research. In science in particular it is possible to move endlessly through the realms of difference and only to occasionally group things according to similarities. And this is precisely what evolutionary science does. It scrutinizes every single difference. When we follow that kind of thinking we can come to a kind of understanding of genetics which yields information like the concept of heterozygosity, the immense variation within our own chromosomes. (quote from blue book, p.31)

“Techniques for determining heterozygosity have been used to investigate numerous species of plants and animals. Typically, insects and other invertebrates are more varied genetically than mammals and other vertebrates, and plants bred by outcrossing (crossing with relatively unrelated strains) exhibit more variation than those bred by self-pollination. But the amount of genetic variation is in any case astounding. Consider as an example humans, whose level of variation is about the same as that of other mammals. The human heterozygosity value at the level of proteins is stated as H = 0.067, which means that an individual is heterozygous at 6.7 percent of his genes, because the two genes at each locus encode slightly different proteins. The Human Genome Project demonstrated that there are at least 30,000 genes in humans. This means that a person is heterozygous at no fewer than 30,000 × 0.067 = 2,010 gene loci. An individual heterozygous at one locus (Aa) can produce two different kinds of sex cells, or gametes, one with each allele (A and a); an individual heterozygous at two loci (AaBb) can produce four kinds of gametes (AB, Ab, aB, and ab); an individual heterozygous at n loci can potentially produce 2n different gametes. Therefore, a typical human individual has the potential to produce 22,010, or approximately 10605 (1 with 605 zeros following it), different kinds of gametes. That number is much larger than the estimated number of atoms in the universe, about 1080.”

Every one of these hundreds of thousands of chromosomes has a different arrangement of genes on it. When one of those genes divides and recombines with a partner gene, one out of those tens of millions of possibilities will result.

“It is clear, then, that every sex cell produced by a human being is genetically different from every other sex cell and, therefore, that no two persons who ever existed or will ever exist are likely to be genetically identical—with the exception of identical twins, which develop from a single fertilized ovum. The same conclusion applies to all organisms that reproduce sexually; every individual represents a unique genetic configuration that will likely never be repeated again. This enormous reservoir of genetic variation in natural populations provides virtually unlimited opportunities for evolutionary change in response to the environmental constraints and the needs of the organisms.”

If we have any skepticism about the ability of different phyletic lineages to produce innumerable varieties in each generation, we should lose that skepticism on the basis of this genetic information. Just because all of the butterflies look the same to us doesn’t mean that they are all the same. The fact that hippos and buffalo and pigs and cows and human beings have all descended from shrews should be so amazing if we have a perspective on the infinite variety of individuals that is produced in every generation of every species. And so Darwin observed that, as a result of these infinite variations which recombine and, if there is any slight advantage, reproduce themselves, at some point there may be an accumulation of variations that enhances the survivability of a certain group under changing environmental conditions. At some point in time that group may become so different from the parent group that they can no longer interbreed. One of the things that helps along the way is a major earth change so that the two groups can’t associate at all and they become isolated. Varieties throughout time have periodically become isolated from their parent lineages and completely new lines of development have become possible. The main factor in that new series is the environment. The environment changes and the species that move into a new environment find a niche that is comfortable and survivable, eat another kind of food, inhabit another kind of soil, and Darwin says there is an inherited effect of such environmental adaptations. He gives the example of plants that move from one environment to another and produce different colors of flowers, and the domestic duck which developed lighter wing bones and heavier leg bones as a result of not needing to fly. He gives the example of the mole shrew which as a result of burrowing eventually loses eye sight and develops forelimbs modified for digging.

Question: Does the greater number of genes in a species correspond to size? 

Ans: No.

Question: Do fewer genes result in less variety in a species?

Ans: Maybe. If you think about the variety of human beings, which occupy practically every possible niche, it is infinitely greater than the hippopotamus which is confined to the river. Structurally there may be a high degree of diversity in the lower species but not behavioral diversity. The number of genes is not particularly smaller in the hippo, but in the human being there is a leap in consciousness.  Diversification among lower species has resulted in speciation. Diversity in human beings has resulted in an infinite variety of human beings who can adapt to every niche. (This point has been strongly emphasized by Teilhard de Chardin in his theory of complexity.) If we had been less adaptable we might have been confined earlier to a particular niche and another species might have succeeded us sooner. 

We have a picture of the human beings that have preceded us. And we can look at the horse as an example. The small horse is an example of a relative of ours who fifty million years ago was so tall; in a relatively short period of time he moved to higher ground, needed to be able to run from predators, and developed jaws for chewing leaves and bark. This an example of an enormous range of variation within one species. Horse lovers will know that the earth is populated today with an extraordinary variety of horses and they are very intelligent. (see illustration p. 88)

Let us look at our more immediate relatives. We are closely related to the various hominids we see on p. 89. Kenyanthropus was 3 million years ago. We can look quickly at the way these humans moved from 3 million years ago to homo habilis, and homo ergaster who became homo erectus, those guys overlap and interbreed with others, and eventually we get to homo erectus who appears to have moved in the direction of  heidelbergensis, with neanderthalis genes apparently present in the human being, and homo sapiens is the one that finally survives and has a larger brain than the others. He appeared, recognizably, around 40-50,000 years ago and was apparently the final result of this movement.

Now, another way of looking at this question of the diversification of species is the punctuated equilibrium view, which I would like to cover tonight. (See the time line, Intro p. 87.) According to this view there have been several major extinctions throughout biological time. This time line shows a few of the mass extinctions that have occurred. When the Cambrian explosion took place, an explosion of arthropods took place in seas all over the world 500 million years ago, which consisted of more phyla and body plans than now exist, prior to which there were only one celled organisms. When almost 85% of life forms became extinct at the end of the Cambrian, there followed a further diversification of species during the 50 million years of the Silurian, when the forerunners of the 38 phyla that now exist evolved. Then after another 150 million years of diversification, another mass extinction occurred in the Devonian, and another in the Permian when 95% of life became extinct. Following the Permian extinction, 250 million years ago, came the age of the great reptiles. And after the Permian extinction there followed the age of mammals.

Steve Gould suggests that when these major extinctions occur, suddenly all the niches become empty and this rapid diversification can take place, at that edge of time. As more niches become filled the possibilities of diversification recede. He calls this process punctuated equilibrium. After a long period of increasing stability, a sudden mass extinction provides an opening for rapid species diversification.

Question: Does that suggest that the mass extinction we are headed towards next is actually a positive opportunity?

Ans: It may suggest that, if you consider that each major stage of evolution constitutes an improvement on the past. Many writers tell us that we are in the midst of a mass extinction now. The Living Planet report tells us that 25-30% of vertebrates have become extinct in the last 25 years. This has also been the theme of E.O. Wilson’s work for many years.

One curious thing that has been discovered in the last forty years or so is that many of these mass extinctions have corresponded to major geological earth changes. You might be interested to know that during the Ordovician period the earth looked like this. (See diagram, Intro p. 92, 94 A brief discussion of plate tectonics and evolution ensues which may be pursued by the interested student.)

The point I would like to come back to, a way of thinking (between Darwinian gradualism and punctuated equilibrium theories) - whether we choose to become geologists and paleontologists, or biologists and evolutionary ecologists, we can go on indefinitely discovering patterns of the physical environment of life. We can follow both the standard Darwinian gradualism of species variation eventually becoming speciation, as a result of the infinite variety of differences produced in every generation plus major land mass changes which isolate species, we can follow that Darwinian view of gradualism easily and discover the relationships among species through time. And we can also follow the paleontological point of view and discover that there have been sudden explosions of species due to the openness of the niches after major extinctions, and also due to the fact that those species that survived the previous extinction had not yet diversified into stable large groups. And so Gould suggests that the genetic material itself is much more flexible during that period than it is after the diversification has resulted in species that have settled into a niche and reproduced themselves over millions of years, when it is no longer capable of the degree of diversification which existed after the extinction had taken place.

If earth changes due to global warming result in sea level rise, then we will see a migration of species away from all the coast lines, and completely new environmental conditions will be asking us to adapt. Some will be more adaptable than others, and in a another few hundred years without electricity and land covered by seas, our bodies will adjust. In Sri Aurobindo’s reflections on this Darwinian picture he already speculates on punctuated equilibrium (known then as saltation), and he questions the process of Darwinian selection itself, not in the sense of doubting that it occurs and not that heredity is not the main process, but he raises some interesting questions about the psychology of the process. What’s being carried forward, for example between moles and hippos, is not only physical structure but it is what he refers to as predispositions. Some moles are predisposed to live in that wet dark environment under the earth, and some are predisposed to live in trees. Geneticists today are agreed that shrews are the common ancestors of larger mammals. So some shrews became wetland dwellers and eventually  hippos and whales, and some became tree dwellers and eventually primates.

Question; Why do you say shrews and hippos, they are so different?

Well, there is a clear line of development. And think about the time frame we are looking at. This enormous diversification of mammals has happened just since the dinosaurs became extinct 65 million years ago. In just 65 million years all the species we know on earth today have descended from a few common ancestors. The chordates have evolved an enormous variety of species in a short time. Human evolution has occurred in only 4 to 5 million years. There are many questions that pop up in a field of information like this and they can lead to  lifelong pursuits of comparative zoology, embryology, genetics, and so on. 

Question: There has been this line of questioning about reptiles being embodied in human beings…?

Ans: …Please read the information handbook and it will answer many of your scientific questions, but it will not answer the philosophical questions. 

Philosophically, what can we do with all of this information about unity and diversity? Can we use this information to give ourselves a more intimate sense of being connected to other life forms, starting with human beings. Can we learn to concentrate on the evolutionary behaviors that enhance survival? Because we belong to a single species whose existence may be threatened. And we can easily learn that most species survive through cooperation. There is another branch of evolutionary science which explores the behavior patterns of species which enhance their survival, known as ethology (not ethnology). 

Question: But it is not always about survival. It’s often only about adaptation and niches.

Ans: It’s also about diversification. Diversification is the principle that Sri Aurobindo has dwelt upon as the most fundamental truth of nature. It’s unity in diversity – it’s not unification or uniformity. It is through diversity that the principle of unity is realized. It is through maximum differentiation that maximum unity is manifested.

Question: What is the common denominator of that unity inside diversity?

Ans: There are many common denominators. One common denominator is the genome which is a unifying factor at the sub-microscopic, molecular level. At another level, consciousness, the ability to make judgments that lead to group success is very important. There was a time in the past when social groups (of human beings) understood their unity through language and culture but they considered themselves enemies of the tribes on another continent. Although they were drawn together by various factors they considered themselves enemies of others. Nowadays, because of intercultural sharing, we tend to consider ourselves members of one human group, even though there are many linguistic, cultural differences, different learning styles, predispositions to be more right brain or more left brain, more artistic or more political. Some of our political behaviors or family behaviors that we have brought from the past have questionable validity, but we are able to recognize these limitations and make choices. We are able to see more and more clearly that war is probably no longer the best way to solve social problems, for example.

All of the older forms of human behavior are still present but we are moving as a species towards balancing what we perceive to be the principles of unity and diversity and we are able to explore farther and farther reaches of diversity out to the Infinite. That infinite includes everything, excludes none, and is One. If we can somehow grasp the relationship between the unity and the diversity, and yet that the diversification leads to more clearly defined unities, we might come eventually to what the Mother struggled with… philosophically, without going into the question of the future of human evolution, what is possible for us right now on the basis of our knowledge and the clues that we have been given about the higher ranges of consciousness. How can we unify in our consciousness the infinite diversity and the absolute unity?   (1:04:55 – a longer discussion of stability and change from a spiritual perspective has been included in the audio file)

