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GY 112 Lecture Notes 
Fossil Evolution part 2 

 
Lecture Goals: 
A) Definition of Evolution 
B) Darwin's law of natural selection 
 gradualism, punctuated equilibria 
C) examples of evolutionary development 
 
Textbook reference: Levin 7th edition (2003), Chapter 4; Levin 8th edition (2006), Chapters  6 & 8 
 

 
A) Definition of evolution 
Last time we met, we dealt with the origins of life on this planet (or possibly within the solar 
system). There have been some pretty interesting ideas about life being associated with 
astronomical things (e.g., comets), but even if there is life "out there" in our solar system, it will 
be primitive. The earliest life on this planet was prokaryotic. Eventually cyanobacteria 
(prokaryotic beasties but with chlorophyll) developed. Stromatolites are an example of this type 
of life form. Prokaryotic life forms lacked bound nuclei and organelles. Later life forms were 
characterized by those features. These were the eukaryotes and their arrival marked the start of 
rapid evolutionary change on this planet. 
 
But just what is evolution? At its most elementary level, evolution simply means “change”. But 
not all change (in beasties) is evolutionary. Evolutionary change is the transgenerational 
variation that occurs when social or biological forms adapt to their environment. This means 
that to be considered evolution, the changes must be passed on to future generations. 

First a Disclaimer: 
 
There is no more single controversial topic in Alabama than evolution (that and which 
football team (Alabama or Auburn) is better). Everyone has their own beliefs and feelings 
about where we came from and how life first started on this planet. We are stronger people 
when we respect each others beliefs. In this class, we are interested in Science’s 
understanding of how things work. Scientists (and I’ve mentioned this many times already), 
must forever remain skeptical about everyday occurrences. They must constantly test their 
hypotheses and ideas about how things work. If an idea survives a test, that idea is retained. If 
it fails, it is abandoned or modified to better fit observations. Like life itself, scientific 
reasoning is a matter of survival of the fittest (ideas). Science and religion will never be 
totally in sync. Scientific hypotheses must be testable; religious beliefs relies on faith alone. I 
say why bother relating the two together at all. I like apples and oranges, but I don’t try to 
equate the two of them together (flavor- wise). Sometimes my needs are met by an orange. 
Sometimes I need an apple. 
 
GY 112 is a science course and as such, you need to understand the scientific ideas 
concerning evolution. You don’t need to believe in evolution, but you do have to understand 
the scientific rationale behind the concept. 
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Adaptations are in general, always going on. Even today human beings are evolving. The 
reference to "social" change made in the definition above is made in recognition of my social 
sciences colleagues. Civilization was an evolutionary change for humans, but it was social rather 
than physical. We became civilized in response to our environment. Hence, it's evolution. 
 
As stated above, evolution is a never ending process for all beasties, but every once in a while, a 
beastie seems to stop evolving (at least at the macroscopic scale). Take the horseshoe crab. It 
first appeared back in the Early Jurassic (about 200 million years ago), but they look pretty much 
the same today as they did back then. The general consensus is that the horseshoe crab was so 
well suited for its environment, that it did not have to adapt any further. Animals that do not 
outwardly change are said to exhibit Involution. Other beasties that have involved (I really don't 
know if this is a real word, at least not the way I am using it here) are dragonflies, mosquitoes 
and a brachipod called Lingula. Here is  sketch of what this beastie looks like: 
 

 
 

Source: Moore, R.C. et al., 1952. Invertibrate Fossils, McGraw Hill, New York, 766p 
 
Now let's consider the beasties that do evolve (which is most of them). Evolving organisms 
respond to the demands of the environment by becoming more adaptive and flexible. Neat 
words, but how the hell does it work? 
 
B) Natural Selection  
Natural selection was Charles Darwin's baby. He felt that organisms that had the ability to 
survive and flourish in a particular environment or niche did so at the expense of those that 
lacked the ability. Another way to put this is that the fittest organisms will survive over those less 
fit (or "survival of the fittest"). A cartoon illustrating Darwin's principle appears at the top of the 
next page.  
 
In this scenario, there are equal numbers of two species in an isolated lake. They eat the same 
stuff, and are otherwise identical in behavior with one important exception; Species A breeds 
faster. Eventually, owing to food restrictions, Species A will dominate the lake and eventually, 
Species B will be driven into extinction. 
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This isn't really evolution, but it is an example of  survival of the fittest. But what if one of the 
individuals of Species A underwent a mutation that gave it a distinct advantage over all of the 
other individuals comprising the total population of Species A? Suppose the "mutant", let’s call 
it Species A2  had bigger flippers than everyone else. It would therefore be a better swimmer, and 
would catch more food then everyone else. It would be better adapted to its niche (albeit a bit 
fatter), meaning that it would be healthier during the procreation period. If the mutation could be 
passed onto its children, they would also be better adapted than everyone else, and they would 
eat more food, and they would have a better sex life, and they would produce more children that 
would be better adapted ……. (get it?). After a while, Species A2  might replace all of the 
original Species A resulting in a evolutionary change to the whole community.   
 
So now the question is, how were all of these evolutionary changes passed between generations? 
The answer was provided by an Austrian Monk named Gregor Mendel (1822-1884). Mendel 
experimented with peas in his garden and through his work, he made 2 important observations 
about evolutionary changes (these are now considered biological principles): 
 
1) Principle of segregation  which states that genetically inherited features are passed on as 
separate, discrete units. They do not blend together. Today we call these units genes. 
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2) Principle of independent assortment which states that genetic traits are inherited 
independently. Chance and chance alone determines which combinations of genes will be 
transmitted from parents to offsprings. 
 
The moral of the story is that evolution is in your genes. There are two possible ways that 
evolutionary change can occur: 1) slow and steady with many intermediary steps (gradualism)  
or 2) suddenly with few if any intermediaries (punctuated equilibria) here is a cartoon 
illustrating how this might occur in an imaginary gastropod (snail) 
 

 
 
C) Examples of evolutionary change 
There really are an endless number of beasties that we could use to illustrate evolution, but for 
now, lets deal with something that you can at least picture in your minds. Horses. 
 

 
 

From Beadnell, C.M., 1947. A Picture Book of Evolution. Watts and Co. London, 284p 
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The ancestors of the horse first evolved in North America during the Eocene epoch of the 
Tertiary Period (about 55 million years ago). Although they were in North America first, they 
died off during the Pleistocene here. Europeans re-introduced them to our fair continent during 
their conquests in the 1600's and 1700's. The diagrams below show the evolutionary history of 
horses and the evolutionary changes that occurred to the horse lineage since the Eocene. Horses 
used to have toes, but over time, the middle toe grow larger (into a hoof) and the other toes 
basically shrunk away to nothing. Horses also got bigger over time. They used to stand only a 
few feet high, now of course they are significantly larger (can you imagine a 2 foot high 
Eohippus pulling the Budweiser beer wagon - now that would make an interesting Superbowl 
commercial for next year. Down with those damn frogs; up with Eohippus!). 
 

 
From Beadnell, C.M., 1947. A Picture Book of Evolution. Watts and Co. London, 284p 

 
 
Overall, horse evolution is a pretty good example of gradualism. 
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An example of punctuated equilibria are the Darwin finches. You can read about how they have 
different beak sizes and shaped to deal with different food types (different niches) in the 
Galapagos Islands in any biology textbook. But recent studies have suggested a mechanism by 
which rapid evolutionary changes might occur. I saw a documentary (Nova on PBS I think) 
discussing the impact of El Nino on the Galapagos Islands. On one island, there were two types 
of seed-eating finches. One had a big beak for crushing big seeds, the other had a small beak for 
small seeds. During dry periods (the normal situation), the finches with big beaks had the 
advantage because they could eat seeds from cacti (big ones). The finches with little beaks could 
not. When El Nino hit in 1997/98, rains fell in what was otherwise a dry area causing lots of 
smaller plants (grasses) to grow. The finches with small beaks now had the advantage. Had the 
climate change been permanent, the rock record might have recorded the extinction of the big-
billed finches and the domination by the small-billed finches. The neat thing is that before the El 
Nino cycle hit, the finches began to display strange activity. They engaged in frantic mating (2 
breeding cycles that year instead of the normal one) almost as if they sensed some major 
environmental change around the corner. I bet they did. Animals may sense when to get ready 
for an evolutionary shift. They might even be preparing for punctuated equilibria 
 

Important terms/concepts from today’s lecture 
(Google any terms that you are not familiar with)  

 
Mendel 

Evolution 
Transgenerational 

Involution 
Niche 

Principle of segregation 
genes 

Principle of independent assortment 
Gradualism 

Punctuated equilibria 
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