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A.	Some of the reasons why the scientific concept of evolution is almost universally misunderstood.





1)	The proposition on the one hand that an evolutionary process occurs, along with Darwin's theory on the other hand about how such a process occurs, are such deceptively simple-seeming ideas that just about anyone is qualified to misunderstand them, and nearly everyone does, meanwhile thinking that he/she understands them perfectly.  Einstein's theories of relativity, for example, are not such simple-seeming ideas and they do not share this fate.  One  never seems to encounter anyone who lacks formal training in evolutionary theory who doesn't hold serious misconceptions concerning what evolution is all about, regardless of his or her educational level otherwise.  These misconceptions are often exceedingly difficult to root out--they sometimes appear even in final exam essays at the end of semester-long courses dealing solely with the topic of evolution.  Often, people's unwillingness to accept some evolutionary concept or conclusion is the result of their objecting to propositions which are not actually part of current evolutionary thought.  Even after contemporary evolutionary theory is understood, one can still choose to reject various evolutionary ideas, of course, but the point is that if one is to object to some proposition, one should have a clear understanding of the nature of what one is objecting to.





2)	Because the concept of evolution deals with living things and humans are living things, there is more of a temptation to develop bogus social philosophies supposedly based on valid interpretations of evolutionary theory than is the case with certain other scientific ideas such as, again, Einsteinian relativity.  A philosophy called "social Darwinism" came into being early on, but, apparently, no one has ever developed a philosophy of "social Einsteinism".  Many people have accepted the proposition that the tenets of "social Darwinism" really do follow from Darwin's thought.  Actually, they don't at all, but the moral repugnance that most of us feel toward "social Darwinism" nevertheless ends up rubbing off on our attitude toward real Darwinism as well.





3)	Much more than certain other scientific fields such as, say, inorganic chemistry, evolutionary science deals with the origins of important aspects of the world around us (and in us).  How all of the things that are came into existence has always been an important concern of the world's religions, and thus evolutionary explanations for them are seen as being in conflict and in competition with various religious beliefs.  In the United States especially, fundamentalist Christians have generally found evolutionary ideas particularly distasteful, and they are constantly being urged to support various extra-ecclesiastical organizations and institutions which attempt to bring about legislation and judicial decisions which will hamper, in the public schools, teaching about evolution.  These groups also try to influence school boards and school administrators to make decisions and policies which will make the teaching of evolutionary biology difficult, and they work upon public opinion in general in ways which result in ignorance and misunderstanding concerning evolutionary matters.  These organizations  and institutions misrepresent evolutionary thought in various ways, and many people, including some very well-educated ones, have come to accept various of these misrepresentations, often without being aware of their original source.  Again, this sort of fate has not befallen such fields as inorganic chemistry--fields which are less "historic" in nature.





4)	Misunderstanding on the part of most people as to what the word "theory" means in science.  The phrases "theory of evolution" or "Darwin's theory" are misleading to many people because in everyday English, the word "theory" is generally used as a synonym for guess, surmise, or hypothesis.  Although scientists themselves often carelessly use the word "theory" in such a loose sense, strictly speaking, the term should be used in scientific contexts for only such major accepted explanatory schemes as the atomic theory, or relativity theory-- and when the term is so used, it is not intended to imply uncertainty (or, for that matter, certainty).





5)	The public's familiarity with the unfortunate and misleading expression "survival of the fittest".





6)	People failing to make distinctions between the ideas represented by the terms evolution, theory of evolution, Darwin's theory, Darwinism, social "Darwinism", "survival of the fittest",  and natural selection, and failing to understand which evidences and arguments (if any) are appropriate for supporting which.  Most people, most teachers, and most textbooks do a poor job of keeping discussion of evidence for the existence of an evolutionary process of some sort or other separate from discussion of our attempts to explain how such a process could take place, and this almost always leads to confusion.





7)	Public misunderstandings about the nature of science in general.





B.	Darwin (along with Alfred Russel Wallace to varying extents) did three different things:





1)	For the first time, someone recognized for what it was the overwhelming amount of evidence in nature for the existence of organic evolution (which may be defined as a universal process in which in the course of many successive generations, the morphological, developmental, behavioral, and physiological features of a lineage of living things change--with there being a potential for (but no guarantee of) profound change over periods of many millions of years.





2)	For the first time, someone amassed, organized, and utilized this evidence in presenting compelling arguments for the existence of organic evolution.





3)	For the first time, someone developed a naturalistic, materialistic, non-mystical, and scientifically respectable explanation (natural selection) for how evolution could take place.  (Note:  a refutation of natural selection as a possible mechanism for evolution would in no way argue against the proposition that there is such a thing as evolution.)





C.	Some of the more or less "classic" arguments for the existence of evolution.





1)	We know that the characteristics of living things can be changed because we have domestic breeds and strains of plants and animals which are clearly different from their known wild ancestors.





2)	Changes have also been observed to take place in non-domestic organisms--e.g., industrial melanism in various kinds of moths, appearance of drug-resistant strains of disease-causing bacteria, appearance of pesticide-resistant strains of insects and rats, etc.





3)	The world's organisms clearly falling into "nested sets"--that is, there being major, more inclusive groups defined by fundamental suites of "unique" characters, and with certain of these groups containing successive levels of subgroups, each one of which in turn is defined by suites of successively less fundamental "unique" characteristics.  This is what makes it relatively easy to classify the world's organisms into phyla, classes, orders, etc.  This is exactly the pattern we would predict would exist on a planet where evolution occurs.





4)	Organisms which differ in their suites of "unique" fundamental characteristics do not share considerably less fundamental "unique" characteristics.  This means, among other things, that we'll never find a bird with eyes anything like a housefly's.  There would be no particular reason why we couldn't find such combinations on a planet without evolution.





5)	Apparent exceptions to the last principle will on closer examination turn out to be cases of superficially similar but actually fundamentally different "less fundamental unique characteristics", such as, say, similar-looking "specialized" sense organs having different embryological development, different relationships to other structures, and striking differences in detail.  The similar-appearing eyes of vertebrates and cephalopods such as octopuses are a good example.





6)	Various structures (and other sorts of characters) which have different functions in a group united by numerous basic common features will appear to be modifications of some basic "plan" or "scheme".  These are the so-called "homologous structures"--e.g., the forelimbs of birds, bats, humans, whales, and other vertebrates--all of which share, in detail, a basic structure but have differing functions.





7)	Some of these "homologous" variations on a scheme are useless and may be greatly reduced in size and/or complexity.  These are the "vestigial" characters.  Commonly cited examples include such structures as tiny wings on flightless birds, ear-wiggling muscles in humans, and extra "toe-support" bones in horses, etc.  Some "homologous" structures or patterns of organization found in adults of some members in a group may be assembled in embryos or larvae of others of the group, only to then be disassembled--sometimes without ever serving any function related to their specific form or nature.  Examples include:  the coiling and then uncoiling of the body in certain shell-less snail larvae, the arterial "branchial basket" in vertebrate embryos, the yolk sac in mammal embryos, and embryonic teeth in whales that are toothless as adults.





8)	There is "vestigial" genetic material--hereditary material that is ordinarily "turned off" or otherwise not allowed to manifest itself but which can, when not turned off, produce teeth in birds, hind limbs in whales, etc.--structures which reflect ancestral conditions predicted by evolutionary considerations in comparative anatomy.





9)	When a kind of organism performs some special act or function not performed by any of its near and even fairly far-flung relatives, and some special sort of anatomical feature, say, is essential for performing this specific activity, then the special anatomical feature actually found in this particular organism will show aspects of being "makeshift" or "jury-rigged", and in no case will the structure be of the same sort as that found in unrelated groups in which the function is regularly performed by all or nearly all members.  In such groups as those last mentioned, the structures will be more suitable for performing the function and will perform more "elegantly".  Examples:  the panda's "thumb" as opposed to the true thumb in monkeys, apes, and humans; one of the pairs of legs being used as "feelers" in some arachnids, as opposed to the true antennae of insects.





10) Mountain forms, lowland desert forms, and forest forms, etc. of organisms on one continent tend to show similarities one to another which can be interpreted as showing close relationships between them rather than, say, the closest relatives of mountain animals in South America being the mountain animals of the other continents and the closest relatives of the lowland desert animals in South America being the lowland desert animals of the other continents, etc.





11) The apparent closest relatives of a particular sort of animal are generally close by rather than, say, on the other side of the earth.





12) The apparent closest non-local relatives of kinds found only on certain groups of oceanic islands are generally on the nearest continent.





13) The "nested set" classification of organisms is reflected in their geographical distribution.





14) The more isolated an oceanic island or island continent or group of oceanic islands is and/or the longer it has been in existence, the more different the islands' plants and animals will be from their nearest relatives elsewhere.





15) All things being equal, the more isolated an oceanic island is, then the smaller the number of major groups of native organisms will be found there and the more their members will show marked differences from each other.  Frequently one finds great diversity of form in a group of nevertheless obviously closely related organisms--with each of the different forms seeming to "mimic" a different sort of mainland organism in regard to its "lifestyle" and morphology.  Examples:  Darwin's finches, Hawaiian honeycreepers, Australian "two-toother" (diprotodont) marsupials, etc.





16) The more isolated an old island or group of old islands is, then the more likely it is to have a fair number of living or very recently extinct kinds of native flightless land birds with vestigial wings and which are found nowhere else in the world.  Since it is clear that certain of these islands (especially the volcanic ones) haven't always been there, then the flightless birds obviously haven't always been there either.  The birds' ancestors had to have gotten there somehow.  But it would have been impossible for flightless birds to get there.  Thus the sort of place we might least expect to find flightless birds turns out to be the sort of place we are most likely to find them in the real world.





17) There are, in various parts of the world, layers of horizontal sedimentary rocks lying on top of each other like the layers in a layer cake.  Sequences of these successive layers may be thousands of feet thick and a given layer may be thousands of square miles in extent.  Almost everyone has seen pictures, at least, of the Grand Canyon--one of the places where erosion has revealed the layering in a most dramatic fashion.  It is clear that in those places where a series of horizontal layers maintain the same sequence over enormous areas and little in the way of faulting, folding, and mountain building past and/or present is in evidence, that the layers are in their original order and have not been flipped upside down or something.  It is then clear that each deeper layer must have been laid down before the ones above it--as you go down the sequence, the rocks get older.  This is called the "law of superposition".  As you examine the fossils in such a sequence of rock layers, you will find that the different layers contain different suites of kinds of fossils, with certain kinds of fossils being found only in certain layers or sets of adjacent layers..





18) As you ascend the sequence of rock layers, the fossil organisms in the rocks will look more and more like living forms of today. 





19) If you study the fossils in all such sequences of rocks from all over the world and then arrange all these fossils according to absolute (actual) age, as determined by radiometric dating, etc., there will be an observable overall increase in the degree of complexity possessed by the most complex organisms from each age, as illustrated by the sequence:  bacteria--one-celled eucaryotes--simple invertebrates--complex invertebrates (including the first land animals) and vertebrates. 





20) Specific sequences of first appearances of kinds of fossils in the rocks of the world is as would be predicted by comparative anatomy, e.g., agnaths (jawless vertebrates)--jawed fishes--amphibians--reptiles--birds and mammals.





21) The most amphibian-like fishes known first appear in the world's rocks just before the most fish-like amphibians known--and many other similar predicted sequences  of this sort also appear.





22) Predicted sorts of intermediate forms do appear in the fossil "record" and right about at the time they would be expected to appear--intermediate forms between reptiles and birds and between reptiles and mammals, for example.  But we don't predict or find intermediates between, say, birds and cockroaches--such intermediate forms are impossible from the standpoint of evolutionary inference.





D.	Now that we've seen compelling evidence for the existence of an evolutionary process, it's time to finally discuss a possible mechanism or mechanisms by which it may work.  There'd be no reason for anyone to trouble himself or herself with coming up with such explanations, of course, if we didn't have evidence that there was something worth explaining in the first place.





1)	Lamarck and Lamarckism--





a)	For some reason, Lamarckism seems to be a "natural" way or especially appealing way of looking at evolution--at least most people demonstrate a strong tendency to think of evolution in Lamarckian terms and it's difficult to get them to stop thinking this way.


b)	Lamarck is generally remembered today as someone who "made a mistake", but actually he made many extremely valuable contributions to biology.


c)	He was the first to develop what should have appeared at the time to be a respectable naturalistic hypothesis for an evolutionary mechanism.


d)	Lamarck didn't originate the idea of "inheritance of acquired characteristics"--this was a belief that was widely-held by scientists and others both before and during his lifetime.


e)	Discussion of "the giraffe and the blacksmith"--"use" and "disuse".


f)	A nonexistent physiological "messenger service" is necessary for Lamarckian evolution to work and Darwin recognized this and hypothesized one ("pangenesis").


g)	Discussion of Lamarck's ideas concerning "felt and unfelt needs".





2)	Definition of Darwinism--(or Wallaceism):  the proposition that evolution (which Darwin preferred to call "descent with modification") proceeds (primarily at least) by means of "natural selection".





a)	Discussion of artificial selection--production of breeds and strains of domestic plants and animals--e.g., racehorses, dachshunds.


b)	Explication of natural selection


i.    More individuals are born, hatched, or germinated in each generation than reach maturity and reproduce.  (Potential population growth in salmon and elephants discussed.)


ii.   Therefore there is a "struggle for existence".


iii.  There is individual variation in nature in each sort of organism.


iv.  The "various variant conditions" are inheritable to a considerable degree.


v.   Some inheritable "variant conditions" are more advantageous to the organism that has them than their alternatives are.


vi.  The individuals with the more advantageous characteristics will end up successfully reproducing a higher percentage of the time than those with the less advantageous characteristics, and will thus become more common relative to the others.  The "hereditary stuff" inside them that is responsible for their having the advantageous characteristics will also be getting more common in the population at the same time.


vii. Eventually you'll end up with a population all of which have the advantageous characteristics along with the "heredity stuff" inside them responsible for them having it--e.g., "fast horses" example.





3)	Concerning the unfortunate and misleading phrase "survival of the fittest".





a)	Survival of the individual is not what counts in evolution.


b)	The "fittest" are not necessarily the most selfish or the meanest or strongest as people tend to think.


c)	The advantages (sometimes) of apparent altruism.





4)	Neodarwinism--evolution by means of natural selection combined with a


            modern understanding of genes, mutation, and population genetics.





a)	Genes are particulate, discrete, atomistic entities--the material of inheritance does not blend (if it did, it would make much evolution extremely difficult if not impossible).


b)	Neutral recessive genes are as persistent in a population as neutral dominant ones.


c)	Recessive genes are no more likely to be maladaptive ("bad genes") than are dominant ones.


d)	DeVries and mutation--discussion of the meaning of the word.  Discussion of the confusing way in which the word "mutation" is used for several different concepts.  Discussion of "good", "bad", and "neutral" mutations.


e)	Speciation and the role of geographic barriers in speciation.


f)	Examples of natural selection--peppered moth, human sickle-cell gene, pesticide and antibiotic resistance.


g)	So how do we explain eyeless cave fish?  (Incidentally, the closest relatives of eyeless, pigmentless cave animals are generally pigmented, eyed animals found not far from the cave in question--please also note that because caves are usually formed by a rock-dissolving process in what were originally solid layers of limestone, the caves haven't always been there--so neither have the appropriately modified cave animals always been there.)





E.	A survey of life of the past.  Why no Tyrannosaurus ever attacked a "brontosaurus".





F.	Examining exhibits in the Field Museum, pertinent to all of the above.





G.	Questions, answers (sometimes), group discussion, debate(?).





