
What is evolution? 

²ƘŀǘΩǎ ǘƘŜ ŜǾƛŘŜƴŎŜ ŦƻǊ ƛǘΣ 

and why should I care? 



Evolution 

ÅChange through time 

ïOver generations 

ïLŦ ǿƛǘƘƛƴ ŀƴ ƛƴŘƛǾƛŘǳŀƭΣ ƛǘΩǎ ƴƻǘ ŜǾƻƭǳǘƛƻƴ- ƛǘΩǎ 
άŘŜǾŜƭƻǇƳŜƴǘέ 

 

ÅOne cause of evolution is natural selection. 

ïNOT the only one! 



Classic example: 
Peppered moth 

Å!ƭƭ ƳƻǘƘǎ ƻōǎŜǊǾŜŘ ǿŜǊŜ άǇŜǇǇŜǊŜŘέ  -1848 

ÅIndustrial revolution pollution 

ïTrees blackened, lichens killed 

Å.ȅ муфрΣ фу҈ ƻŦ ƳƻǘƘǎ άōƭŀŎƪέ 

ïάLƴŘǳǎǘǊƛŀƭ ƳŜƭŀƴƛǎƳέ 



Classic example: 
Peppered moth 

Å.ȅ муфрΣ фу҈ ƻŦ ƳƻǘƘǎ άōƭŀŎƪέ 

ïάLƴŘǳǎǘǊƛŀƭ ƳŜƭŀƴƛǎƳέ 

ÅAir pollution continued- Great Smog of 1952 

ÅClean Air acts passed in 1956 and 1968 



Is evolution by natural selection  
άƧǳǎǘ ŀ ǘƘŜƻǊȅέΚ 

Å[ŜǘΩǎ ƛƳŀƎƛƴŜ ǘƘŀǘ ȅƻǳΩǊŜ ǿƻǊƪƛƴƎ ǿƛǘƘ ŀ 
population of squirrels. 

Type A: run randomly  Type B: fear asphalt 

Average: 1 offspring   2 offspring 

Start: A: 100  B: 100 50% B 

Gen 1: 

Gen 2: 

Gen 3: 



Why is this contentious to the 
general public? 

ÅAre there flaws with the concept of evolution? 

Å!ǊŜ ǘƘŜǊŜ άƘƻƭŜǎέ ƛƴ ǘƘŜ ŜǾƛŘŜƴŎŜΚ 

ÅAre there contradictions with respect to facts 
you know from elsewhere? 



History has a tendency 

to repeat itselfé 
1925 



2005 



Evolution 2005 

ÅUSA shows one of 
the highest rates of 
άŘƛǎōŜƭƛŜŦέ ƛƴ 
evolution 

 

ÅUSA shows one of 
the lowest rates of 
άōŜƭƛŜŦέ ǘƘŀǘ 
evolution has 
occurred 
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2009: USA- 35% 



Why are we still talking about this? 

ÅFACT: Within the scientific community, there is 
no debate about the truth of evolution. 

ïAlso true among those that are devout Christians 

ï¢ƘŜǊŜ ƛǎ ƴƻ άŎƻƴǘǊƻǾŜǊǎȅέ ǘƻ ǘŜŀŎƘ 

ïDebates are only about relative importance of 
different forces 

 

ÅFACT: Evolution is a theory and a fact. 

 



Scientific ñtheoryò vs   

ñTheoryò In General Parlance? 

A theory is what one or more hypotheses 

become once they have been verified and 

accepted to be true.  

 

A theory is an explanation of a set of related 

observations or events based upon proven 

hypotheses and verified multiple times by 

detached groups of researchers. 

ñGravity is ójust a theoryôò 
ñAtoms- havenôt seen óem!ò 

ñGerms- bah, humbug!ò 



EVOLUTION has  
two fundamental processes 

ÅChange within a lineage 
ÅFormation of new lineages (associated with split of 

existing lineage) 
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Species άseem intricately and almost  
perfectly designed for living their lives.έ  

(/ƻȅƴŜ ά²Ƙȅ 9Ǿƻƭǳǘƛƻƴ Lǎ ¢ǊǳŜέΣ /ƘŀǇǘŜǊ 1, 1st sentence) 

 

 

ÅAppearance of ñdesignò throws people off 
 

ÅSome adaptations evolved in response to the 
physical environment 
 

ÅOther adaptations evolved in response to 
interactions with other species. 

 
Example: Lampsilis Mussel (video) 
 



What are basic principles of 
evolution, and what is the evidence? 



2 important principles of evolution 

1. All species share common ancestry (as a result of  

    splitting of lineages from one ancestral life form) 

 

2. Much of the evolutionary change was caused  

    by natural selection, which is the sole process                        

    producing adaptation (the appearance of design). 



Prediction 
 

If life originated on Earth in the distant past and  

then evolved, we should see: 

 

 That the first detectable traces of life 

 on Earth would be simple forms 

 

  . . . and only later would more  

 complex  and more ñmodernò forms appear 
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No ñfossil rabbits in the Precambrian eraòé 



Fossil evidence: early life simplest 



Prediction 
 

If evolution occurred within lineages, and those 

lineages sometimes split: 

 

       Then we should be able to find examples of 

       traits and species gradually changing in the 

       fossil record 

 

       And we should sometimes see one lineage 

       dividing into two or more in the fossil record 

 

 





Prediction 
 

If all creatures share a common ancestor: 

 

 We should find transitional fossils that 

 connect modern groups to their common  

 ancestor  
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EVOLUTION  
RETRODICTIONS??? 

¢ƘƛƴƎǎ ǿŜ ǿƻǳƭŘƴΩǘ ƴŜŎŜǎǎŀǊȅ ǇǊŜŘƛŎǘ 
ahead of time but  support the idea. 

? 



Retrodictions: vestigial organs    

Vestigial hind limbs of gray whale 



Predictions: vestigial (dead) genes   

Yolk sac 

Genes for making yolk proteins 

 

Genes for making vitamin C 

 

Olfactory receptor genes proteins 



Retrodictions: biogeography    

Many native birds and insects, but 

 

lack of native mammals, amphibians,  

and freshwater fish on oceanic islands 



CANE TOAD 
 INDIAN 

MONGOOSE 

The animals that ate Hawaii 



Retrodictions: biogeography    

Most similar species to those on  

oceanic islands are usually found 

 on the nearest mainland 
 



Retrodictions: inefficient design 

Lack of endemic mammals, reptiles, freshwater 

fish, and amphibians on oceanic islands 

Loop of laryngeal nerve around aorta 

works fine for ancestral fish-like form, but very 

inefficient for humans and especially giraffe 

 

Evolution worked with materials available- 

couldnôt produce ñmore efficient designò 
 



Fossil record 

Vestigial organs 

Biogeography 

 

Inefficient design 

Examples of natural selection 

   in ñreal timeò 

Vestigial genes 



Observations that would falsify evolution 

Fossils in the wrong place (e.g. mammals in the Devonian) 

 

Adaptations in one species good only for a second species 

 

General lack of genetic variation in species 

 

Adaptations that could not have evolved by a step-by-step 

    process of ever-increasing fitness 

 

Evolved altruistic behavior among non-relatives in non-social animals 

 

Unexplained discordance between phylogenies based on  

     morphology/fossils and on DNA 

 

 



Other common criticisms 

ÅToo much change for evolution to explain 

ïMan from a bacteria???  Yeah right... 

Å/ŀƴΩǘ ŜȄǇƭŀƛƴ ǘƘŜ ŎƻƳǇƭŜȄƛǘȅ ǿŜ ǎŜŜ 

ïIŀƭŦ ŀƴ ŜȅŜ ŘƻŜǎƴΩǘ ǿƻǊƪΦ 

Å²Ƙȅ ƛǎƴΩǘ ƛǘ ǎǘƛƭƭ ƘŀǇǇŜƴƛƴƎΚ 

ïά²Ƙȅ ŀǊŜƴΩǘ ƳƻƴƪŜȅǎ ǎǘƛƭƭ ŜǾƻƭǾƛƴƎ ƛƴǘƻ ƘǳƳŀƴǎΚέ 

Å5ƻŜǎƴΩǘ ŜȄǇƭŀƛƴ ƭƛŦŜΩǎ ƻǊƛƎƛƴ- denies existence 
of God 



Too much change... 

ÅDogs- domesticated a few thousand years ago.   

ïBreeds we see are only a few hundred years old. 

ïStriking diversity 
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Too much change... 

ÅDogs- domesticated a few thousand years ago.   

ïBreeds we see are only a few hundred years old. 

ïStriking diversity 

ÅLife on Earth-  estimated 3.5 billion years old 

ïIŀǊŘ ǘƻ ǊŜƭŀǘŜ ǘƻ ǘƘƛǎ ƴǳƳōŜǊΧ 

ÅDifference- how many times over could dog 
breeds have been done? 

ïIf 1000 years were a millimeter... 

ï3.5 billion would be 3.5 kilometers! 



Too much complexity 

ÅIntermediates DO exist, 
even in extant species 

ÅEven single-celled Euglena 
has the eyespot 
photoreceptor 



²Ƙȅ ƛǎƴΩǘ ǎǘƛƭƭ ƘŀǇǇŜƴƛƴƎΚ 

ÅMany incorrect assumptions with argument 

ïFormation of new species means demise of old 

ïtǊŜǎǳƳŜŘ άŘƛǊŜŎǘƛƻƴŀƭƛǘȅέ ƻŦ ŜǾƻƭǳǘƛƻƴ 
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ÅMany incorrect assumptions with argument 

ïFormation of new species means demise of old 

ïtǊŜǎǳƳŜŘ άŘƛǊŜŎǘƛƻƴŀƭƛǘȅέ ƻŦ ŜǾƻƭǳǘƛƻƴ 

ÅNew forms may be advantageous because 
exploit different resources 

Åbƻ άŘƛǊŜŎǘƛƻƴέ ƻŦ ŜǾƻƭǳǘƛƻƴ 

ïHistory may not repeat itself 

 



COMMON MISCONCEPTION: 

ÅHumans did not evolve from amoebae or 
chimpanzees or anything else that is currently 
alive. 

ÅIǳƳŀƴǎ ŀƴŘ ŀƭƭ ǘƘŜǎŜ ƻǘƘŜǊ ǎǇŜŎƛŜǎ άǎƘŀǊŜ ŀ 
ŎƻƳƳƻƴ ŀƴŎŜǎǘƻǊέ 

ÅAll species (including humans) have changed 
relative to the ancestral forms. 

ïbƻ άƘƛƎƘŜǊ ōŜƛƴƎǎέΥ 9ǾŜƴ  
single-celled animals 
have evolved over time! 

 



5ƻŜǎƴΩǘ ŜȄǇƭŀƛƴ ƭƛŦŜΩǎ ƻǊƛƎƛƴ-  
denies existence of God 

ÅFirst part true: Most evolutionary theory does 
not attempt to address why or how life arose 

 

ÅSecond part untrue: ¢ƘŜǊŜΩǎ ƴƻ ƛƴǘǊƛƴǎƛŎ ǘƘŜƛǎƳ 
ƻǊ ŀǘƘŜƛǎƳ ƛƴ ǿƘŀǘ ǿŜΩǾŜ ŘƛǎŎǳǎǎŜŘ 

ïSome biologists who support evolution are also 
devout in faith (e.g., Francis Collins, NIH director) 

ïSome are devout atheists (e.g., Richard Dawkins) 


