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EEB 210

Spring 2008 

Lecture #1: History of concepts of biological evolution and development of Darwin’s

     ideas


We’ll begin this course by reviewing the history of various attempts to explain the origins of life on earth and its diversity.

Ideas of the origin of life that became a part of religious thought.  Archbishop James Ussher used the Bible to calculate that the earth had been created in 4004 B.C.  He published his calculations in 1650.  The date published by Ussher became widely accepted in Christian tradition and began to be printed in the Authorised Version of the Bible.  Sir John Lightfoot further stated that the Creation occurred at 9 am in 4004 B.C.   This was not an entirely new idea.  The astronomer, Johannes Kepler, had believed that the earth was created in 3992 B.C.  In Shakespeare’s play, “As You Like It”, Rosalind says “The poor world is almost six thousand years old.”


In 1802, William Paley taught that the existence of complex design implied a designer.  He used the example of a clock, suggesting that when one recognized the complexity of a watch it becomes obvious that it must have been designed by an intelligence of some sort.  At this time, most people believed that species were “created”, rather than being derived from other species by some gradual process.  Not all people who held to this view were strict creationists; some did not hold to a literal interpretation of the Bible, but rather (like Cuvier, see below) thought that there had been multiple creation events spread through time, and some thought that new species were still being created.

Some pre-Darwinian concepts of nauralists/biologists.  One ancient Greek philosopher, Anaximander (611-547 B.C.) believed that all living things were related and had changed over time.  However, he did not present evidence for this concept.  Aristotle, probably the most influential of the Greek philosophers who dealt extensively with biology, believed in a “Chain of Being”, with man at the pinnacle of all organisms.  Buffon (1707-1788) was a French naturalist who believed in organic change, and he suggested that the earth was much more than 6,000 years old.

Georges Cuvier was perhaps the most famous biologist/paleontologist in France in the early 1800s.  He promoted the concept of catastrophism---the idea that the earth’s geology has been shaped primarily by several catastrophic events---like floods, for example.  Cuvier believed that life was essentially exterminated during these events and was re-created anew following each catastrophe.  Cuvier was a participant in a famous debate with another biologist, Geoffroy Saint-Hilaire.  St. Hilaire suggested a ‘continuity’ between invertebrates and vertebrates by arguing that some invertebrates had body plans that were essentially very similar to the vertebrate body plan.  For example, vertebrates have a dorsal nerve cord (spinal cord) whereas many invertebrates (worms, insects) have a ventral nerve cord.  So St. Hilaire suggested that invertebrates were essentially ‘upside down’ vertebrates (or vice versa).  Cuvier’s position was that these were completely separate and unrelated groups.

Lamarck had the first really cohesive hypothesis of biological evolution, suggesting that new species arose from pre-existing species.  He is best known for his concept of the “inheritance of acquired characteristics”; that is, Lamarck thought that changes acquired during an organism’s lifetime could be passed on to its offspring. Lamarck published his ideas in his Philosophie Zoologique in 1809.  Lamarck’s most frequently cited example was his contention that giraffes evolved long necks as one generation after another reached higher into the trees to feed on leaves; he thought that this resulted in some lengthening of the neck during an individual’s lifetime and that the trait was passed on to its offspring.

Ideas that contributed to Darwin’s concepts of evolution.  James Hutton, a Scottish geologist, developed the concept of “uniformitarianism”.  He proposed that the earth’s geological features had been shaped by the same processes that we see in action currently (erosion by water and wind, earthquakes, etc.).  This would require vast amounts of time and was clearly different from the idea of catastrophism as championed by Cuvier.  William Smith was a geologist and engineer who worked on excavations for British railways and canals in the early 1800s.  Smith noted that different geological strata could be identified by the kinds of fossils that they contained.  Charles Lyell was another British geologist, and Darwin was exposed to his ideas.  Lyell supported Hutton’s uniformitarian concept, although he still believed in the immutability of species.  Darwin read Lyell’s book on geology during his 5-year voyage on the Beagle, when he had the opportunity to observe diverse geography and the varied fauna and flora associated with the numerous areas that he visited.


Darwin was also influenced by ideas of the economist, Thomas Malthus.  Malthus recognized that the human population was increasing as a result of the high birth rate.  However, he contended that resources (especially plants and animals that could serve as food) could not continue to increase at the same rate as the human population; therefore, population growth would eventually be checked by limited resources.  Malthus’ concept was instrumental in leading to much debate in England regarding issues of social justice.  Many contended that aid to the poor should be more restricted, as support for the poor would only result in population growth, especially among the poorer groups. Darwin and his relatives (who were mostly wealthy) were caught up in these issues.  Darwin realized that Malthus’ reasoning could be applied to any species; that is, reproductive individuals in all species produce many offspring, yet populations tend to be relatively stable over time.  This must be because most offspring do not survive long enough to reproduce.  Thus, the ideas of Malthus, Lyell and Lamarck had considerable influence on Darwin as he gradually formulated his own theory of the formation of new species.


Darwin proposed a theory of evolution based on:  (a) variation among individuals within a species, (b) reproduction in which offspring resemble their parents more closely than they resemble unrelated members of the species, (c) competition for limited resources resulting in natural selection, whereby the most successful individuals will produce the most surviving offspring and will thus contribute disproportionately to the composition of the next generation.


Alfred Russell Wallace (1823-1913) proposed a concept of evolution supported by natural selection that was very similar to that of Darwin.  Wallace’s hypothesis was published at the same time as Darwin’s, but Wallace did not present nearly so much supporting evidence as Darwin.

The first edition of Darwin’s “The Origin of Species” appeared in 1859 and sold out in one day; there were several later editions.  The concept that species were not immutable, and that all existing species are derived from earlier species, was rapidly accepted by most biologists.  Nevertheless, there was much disagreement for many years regarding the exact mechanism of biological evolution.  There were a number of biologists who accepted Darwin’s general concepts, yet still continued to believe that man was specially created, in contrast to other organisms.  Still other biologists rejected the basic concept of evolution of species.  Perhaps the most famous American biologist of his time, Louis Agassiz of Harvard, did not accept Darwin’s theory of evolution; rather, until his death in 1873, Agassiz continued to believe that species were immutable and that man had been specially created.  Nevertheless, Agassiz is remembered for being first to popularize the idea that the earth had passed through an Ice Age, thus making an important contribution to the understanding of geologic and evolutionary history.

Events occurring soon after publication of “the Origin” than lent support to Darwin’s ideas.  In 1861, a very well-preserved fossil was discovered in Germany.  The fossil had many reptilian features, but the limestone in which it was preserved also showed clear imprints indicating that the beast had feathers.  The creature was named Archaeopteryx (meaning “ancient wing”).  It was considered to be a ‘link’ between reptiles and birds.  Also in 1861, Du Chaillu brought a skull and stuffed bodies of gorillas to England.  The existence of gorillas had been reported, but until this time no specimens had been available for study.  Humans are anatomically more similar to the great apes (gorillas, chimpanzees, orangutans) than they are to any other animals.  Darwin noted this similarity, and in 1871 (in his book, The Descent of Man) he suggested that humans might have first evolved in Africa since that is where chimps and gorillas are found today.

Over the latter part of the 19th century, Marsh and Cope found many fossils in the southwestern U.S. and brought these fossils to museums for study.  These various types of discoveries fit well with the Darwinian concept of gradual evolution, one species from another, over a vast period of time.

Darwin’s most novel contribution was not his proposal that evolution had occurred because others (i.e., Lamarck) also had suggested some form of evolution.  Rather, Darwin’s most unique contribution was to present a specific mechanism---natural selection---and to provide many types of evidence that natural selection was possible and had actually occurred.  

Darwin’s proposed mechanism of evolution was generally thought to require a very long period of time to have produced the great variety of existing species.  A potential problem for this concept came from the theory of William Thomson (Lord Kelvin), who was instrumental in the development of theories of thermodynamics.  He calculated the age of the earth from its cooling rate and he first concluded that it was approximately 100 million years---much less than what Lyell and other geologists had believed. Later, Thomson revised his estimate of the earth’s age down to only 20-40 million years.  Obviously, Thomson’s estimate was in error, as it is now thought that the earth is about 4.5 billion years old.  Thomson was not aware that considerable heat is being continuously generated by the decay of radioactive materials in the earth’s core, and this replenishes heat that is continually lost from the earth’s surface.

It is important to keep in mind that Darwinian evolution does not involve any preconceived direction.  That is, evolution is not ‘planning’ for future conditions, even though it may sometimes appear (superficially) to have done so.  For example, the limbs of land-living vertebrates (amphibians, reptiles, birds, mammals) evolved from the fins of fishes, but one should not think of fish as evolving their fins as a preparation to invade terrestrial habitats.  Evolutionary biologists might speak of fins as a “preadaptation” for becoming terrestrial (because legs were derived from fins), but this term does not imply any sort of intent or plan.

Evolution can work only with the variation that is present within a breeding population.  Most of this variation is achieved by recombinations of established genes; occasional new variants are also added by the occurrence of new mutations.  Natural selection is continuously at work.  Thus, any new heritable trait (i.e., a trait with some genetic basis) will increase in frequency in a population only if it is better than the alternative (competing) trait(s) available in the population.  In this context, it is important to note that “better” means more adaptive in the current environment.  (Traits that are highly adaptive in a given environment may become maladaptive as the environment changes.)

