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Introduction to Evolution

First of all a definition of a biological population is needed.  A population is a group of individuals of the same species.  The scientific definition of a species is a group of similar organisms that share many characteristics, INTERBREED IN NATURE, and do not reproduce with organisms outside this classification.  The concept of reproductive isolation is the key defining characteristic of a species.


There is a difference between the definition of just the term evolution and the meaning of the Theory of Evolution.  The scientific definition of the term evolution is:

Evolution has occurred when there has been any change in the combined genetic material in a population.  Period.  That’s the definition.  This means that when the gene pool (the combined genetic material) of a population does not stay constant, then evolution has occurred.  For example, when a mutation occurs in a population, then evolution has occurred, by definition of the term.  This simple definition however has enormous ramifications and logical implications.  (I will outline the mechanisms of evolution later.)  There is a controversial part of the theory of evolution and a non-controversial part.  I will try to separate out the difference.  However, the non-controversial part is often misunderstood by nonscientists, without even getting to the controversial part.  An important point needs to be emphasized here.  Individuals do not evolve – populations evolve.  Evolution does not mean the same thing as metamorphosis when an individual changes from one form to another, e.g., a caterpillar changing into a butterfly.  (I fear an entire generation of children now will find it even harder to understand the scientific theory of evolution, since many of them are familiar with the term evolution as referring to the change of individuals into different forms, e.g., in games such as Pokemon and Digimon.)  Individual organisms develop, mature, reproduce, and die – but they do not evolve.  Evolution takes place in populations, and evolution can be understood only by studying populations in their entirety over time, not just the individuals of which they are composed.  Individuals retain the same genetic make-up throughout their lives.  Evolution takes place when there is a change in the gene pool of a population.  


Genetic variation is the raw material (the building blocks) for evolution.  Variation refers to the differences found among living organisms in their structure, function, and behavior.  The type of variation I am referring to here is inherited and that is the only kind of variation that is a part of evolution.  Variation among individuals based on learned or acquired characteristics is not a part of evolution.  Evolution will only deal with inherited characteristics.  Inherited variation comes about by three basic sources:

1) Inherited variation may come about by genetic mutations – a sudden change in genetic material, e.g., caused by an external energy source such as radiation or certain chemicals.  This is the only source of a completely new kind of characteristic.

2) Inherited variation may come about by recombination of genetic material in sexual reproduction.  This is a very important source of variation.  This is the main biological function of sexual reproduction – to provide greater variation within a population.  When the environment changes that population will have a greater chance of surviving – and MAY survive.  Extinction occurs when no individuals are able to survive in the new environment.  Our perception is that our environment changes very little.  However, we just don’t live long enough to observe for ourselves the enormous changes having occurred over geological time.  The fossil record clearly indicates that many species have been unable to adapt to changes in the environment and have gone extinct.  In fact, based on the fossil record, scientists reasonably conclude that only one-tenth of one percent of all species having existed on earth are presently alive on earth.  Someone saying there is no really good scientific evidence that evolution has occurred means we must not only discount major evidence within biology itself but also totally discount almost all the discoveries and information provided by the scientific fields of geology and paleontology.  (More about the evidence later.)

3) Inherited variation may come about by new genetic material brought into a population by immigrants.  A species population may be subdivided into smaller populations – of the same species.  For example, White-tailed Deer in West Virginia and Pennsylvania form subpopulations within the same species.  A deer in West Virginia may bring a mutation into the Pennsylvania population.

Variation of certain characteristics are very important in evolution.  An ADAPTATION is defined as any inherited characteristic that helps an organism to survive and reproduce.  Above I said that genetic variation forms the raw material for evolution.  In particular, variation in these adaptations is the raw material of evolution and key to a process of evolution.


Actually when people usually talk about the theory of evolution, they usually are talking about the theory of natural selection – as a process of evolution.

The Theory of Natural Selection

The theory of natural selection is a proposed PROCESS for evolution.  It states:

a) organisms that are better adapted (genetically) to their environment will survive in greater numbers than those less well adapted, and 

b) the genetic material, therefore, that controls those adaptations will become more numerous in the population in the next generation.

c) the ability of the entire group to survive is then increased.

Another way to say this is to say that natural selection is the preservation of favorable, beneficial characteristics in the population and the elimination of the unfavorable characteristics.


Through this process of natural selection and the variation of traits available, a group of organisms MAY be able to survive a change in the environment, since some of the group’s members may have the particular form of a trait necessary to cope with the change.  Adaptation of a group of organisms to a changing environment is the tangible result of evolution.


Let me give you two real-life examples of evolution and natural selection that are occurring today to show how evolution works.  Use these examples as benchmarks or reference points as to what is meant by evolution and natural selection.  In general, if you understand the process going on in these examples (and their implications over a long time period), then you will understand the concept of evolution.  These are not made-up examples, but can easily be verified as occurring today. 


Suppose you have a pest population of insects that are destroying your food crops in a particular field.  (Alternatively, consider a population of disease bacteria as the second example.)  If an insecticide is applied (or an antibiotic to the bacteria population), most of them will probably be killed – but not all.  Some few individuals could and probably will have the ability to break down or destroy the poison – chemically within their bodies.  This would occur since a previous mutation would have produced a protein enzyme that could cut the poison and make it harmless to that individual.  (DNA making up the chromosomes control the production of proteins, and a mutation can cause the production of a different protein.  Usually these mutations are harmful, sometime harmless and useless, however sometimes they may be beneficial to the organism – as in this case.)  Furthermore, perhaps a few other individuals happen to be at the right place at the right time to avoid the poison, e.g., at the edge of the field or under a leaf and didn’t get a high enough dose of the poison and also survived.  At a certain dose, either the poison killed it or it didn’t.  I am trying to make this example as realistic as possible and perhaps within the knowledge you have heard about before.  Consider a representative sample of twelve individuals of that population:

1)

( ( ( ( ( ( ( ( ( ( ( (   where the symbol ( represents an individual within the population that does not have the mutation and would die if exposed to the poison at a certain concentration – and the symbol ( represents an individual resistant to the poison, i.e., one that has the inherent genetic ability to destroy the poison and live because of a previous genetic mutation.  Such populations are not just hypothetical but occur often.  Note that 2/12 = 17% of the population are resistant individuals.

2)

Next suppose the farmer puts out the first application of the poison, i.e., there is a change in the environment.  Some individuals will survive, i.e., selected for, because they have the mutation and are able to survive.  The others die.  We have

( ( ( ( , i.e., 2/3 of the population died and 1/3 survived.  To make this as realistic as possible, not only did the two resistant individuals survive, but also a couple others in the sample who did not get exposed to a high enough concentration to be killed.  Especially note that the change in the environment did not actually cause the mutation (it was already there caused by some other energy source), but the individuals with that mutation were selected for by the change in the environment.

3)

The remaining individuals reproduce and pass on their respective genes to the next generation.  One observation of natural populations is that they usually go back to an original population size in equilibrium with that environment, e.g., relative to the food supply.  This is what happens in this case and we now have

( ( ( ( ( ( ( ( ( ( ( ( (, i.e., now 50% of the individuals are resistant individuals.

4) 

Since the population is back up again and causing the farmer problems, he puts out a second dose of the poison.  However, this time more of the individuals are resistant and the population is not reduced as much as before.  (I grew up in a rural area and this phenomenon is well known among farmers.  This phenomenon is also a growing problem with disease bacteria and we are in a race to discover new antibiotics faster than mutations develop that make the old ones worthless.)  In particular we have:

( ( ( ( ( ( ( remaining.

5) The remaining population reproduces again back up to about the original size.  We have

( ( ( ( ( ( ( ( ( ( ( ( ( (  We now have a population of 12/14 = 86% individuals resistant to the poison.  Depending on the species of pest insect, this can occur within one summer.  If the same poison is used on the same population the percentage of individuals in that population resistant to that poison can get to 100%.


Note the change from the beginning population from 17% resistant individuals to 86% resistant individuals in a short time period.  Evolution, by definition of the term, in that one population of one species can easily be seen and demonstrated.  As the environment changed (e.g., the addition of the poison or antibiotic), the population (the entire group) changed – or adapted (genetically) – or evolved so that it could survive.  Individuals did not change or evolve.  They either lived or died.  The population changed.  The gene pool of the population has changed and therefore by definition evolution has occurred within this one population of this one species.  What happened in this example is the basic process proposed for evolution and is easily observed.  Especially note that the beginning population and the last population are still the same species.  No scientist is saying otherwise.  This is sometimes called microevolution – evolution occurring WITHIN a species.  The importance of this example and the importance of the IMPLICATIONS of such an example are coming up next.  There is no legitimate controversy here yet – that comes later – since evolution is clearly occurring within this population.  


HERE COMES THE CONTROVERSIAL PART.

Charles Darwin noted that evolution was clearly occurring within a species.  (This fact of microevolution is not controversial, but probably misunderstood by many nonscientists.)  He wondered what would happen if this same process that can easily be seen to occur and cause changes over a short period of time continued for a very long period of time – millions of years – involving many different mutations.  He reasoned that enough changes would occur, so that eventually the traits that allowed members in a group to initially interbreed would be so different from each other that they no longer would be able to interbreed.  At that point a new species has evolved, by definition of the concept of species.  Recall that the scientific definition of a species is a group of similar organisms that share many characteristics, INTERBREED IN NATURE, and do not reproduce with organisms outside this classification.  The concept of reproductive isolation is the key defining characteristic of a species and I will elaborate on that point later.  For example, for right now, Darwin proposed that separated populations of the same species (e.g., in different geographical areas) could become so different from each other and also so different from their ancestors, that they are different species.  Charles Darwin proposed that new species would arise (he said descend) from the old ones over time through an extension of this process of evolution we can easily observe within a species.  That’s the controversial part.  Darwin’s leap of logic is the basis of the controversy.  The evolution of new species is sometimes referred to as macroevolution.  Individual humans are not able to directly observe this change from one species to another, since we just don’t live long enough – and that is the basis for the unbelief by many people – and a statement of no evidence.  However, there is still plenty of evidence that this probably has occurred – later.

A slightly updated version of Darwin’s Theory of Evolution is next.  Different categories of evidence for evolution will also be presented later.

Darwin's main ideas can be summarized in six basic points.  The first five are observations and the sixth point is his conclusion based on these observations. 
1) A group of organisms tend to reproduce more offspring than the environment can support. 
2) Most populations tend to remain fairly constant in size because of various population regulation mechanisms at work, e.g., density-dependent factors (e.g., disease) and density-independent factors (e.g., harsh winter storm) regulating population size.  The population comes into an equilibrium with its present environment. 
3) Competition takes place because so many individuals are introduced into an environment with limited resources.  There is a "struggle for existence."  Such a competitive struggle for existence usually includes being better adapted for obtaining the available resources in comparison to other individuals.  Especially note that physical combat is not a very important part of this concept. 
4) There exists variation among individuals within any species because genetic changes occasionally occur that modify the DNA structure of chromosomes. 
5) Variations caused by gene mutations are usually either harmful or useless.  However, over the course of time, beneficial mutations may occur.  Individuals that inherit beneficial mutations or beneficial gene recombinations are better adapted to survive.  This is where the phrase "survival of the fittest" comes in or the process of natural selection.  Again note that such a competitive struggle for existence usually includes being better adapted for obtaining the available resources in comparison to other individuals and that physical combat is not a very important part of this concept. 
6) In a changing environment, those organisms with favorable genetic variations survive.  The surviving organisms then reproduce and transmit their DNA to their offspring.  Over a long period of time ENTIRELY NEW SPECIES EVOLVE.  Organisms that have successful genetic variations not only live longer but produce more offspring who also inherit the favorable adaptation.
