Bio 1 – Lecture 7
Evolution evidence
What is evolution?

heritable changes in population over time



cannot occur to an individual, requires genetic basis



chance, NS, other mechanism?

What is a scientific theory?


Put in order of importance? veracity? how much you trust:  theory, hypothesis, law, fact

*Fact:  confirmed observation; can be changed – it used to be a scientific fact that humans had 22 prs. of 



chromosomes, better technology led to seeing a 23rd pair

Hypothesis: an explanation about the relationship between things; can be tested and supported or refuted 



with facts (never prove! facts can change)


Law:  generalizations of facts; what will happen under certain conditions; universal, but can be broken 


which adds to more conditions being set – Law of Gravity, altered in a vacuum – do not explain 


facts and only predicts under known, set conditions



Newton’s Law of Gravity: Each object in the universe attracts each other body.

Theory:  an explanation of some aspect of the natural world that accurately predicts what will occur 



under new conditions; incorporates facts, tested hypotheses, and laws – Explains & Predicts



can be altered when new facts are gathered and hypotheses tested



- most important in science, very well supported, thought out, and useful



Einstein’s Gravitational Theory:  the presence of mass, energy, and momentum causes spacetime 


to become curved. Because of this curvature, the paths that objects in inertial motion follow can 


"deviate" or change direction over time. This deviation appears to us as an acceleration towards 


massive objects
Now let’s talk about these in relation to Evolution

What is the definition of evolution? inherited changes in a population over time; a change in allele frequencies


fact, hypothesis, law, or theory?

Micro – individual instances = fact; occurs in all populations = law

demonstrated


we can measure allele frequencies and see external changes


*peppered moths (facts that changes occurred) 



hypothesis that natural selection caused the change – how would you test it?




fact & tested hypothesis supported theory of NS
*Theory of NS incorporates the facts:


1.  variation among individuals


2.  more offspring produced than survive


3.  resources are finite


Darwin hypothesized that differential traits related to survivability, leading to changes over time
Is this what causes controversy?  No one has problems with the fact that there are genetic changes in a population over time or even the theory of NS as stated above.

What about changes that cause new species? 



what is a species? interbreeding population, morphology (extinct, asexual)


fact? hypothesis? law? theory? that new species arise from pre-existing species?


facts that it has been observed in specific instances


*ring species – Ensantina salamanders, herring gulls & lesser black backed gulls


polyploidy in plants – hybrids between species, chromosomes = sum of species



generally cannot breed with others, but if hermaphrodite can breed alone




wheat, oats, peanuts, cotton, apples, potatoes, bananas, sugar cane, coffee





= larger cells and larger plants

there are many hypotheses about how the barriers to reproduction occur – we’ll discuss a little later

Is this what causes controversy?  Most opponents to “Darwinian Evolution” do not argue with this either


many used to, but because it has been observed and documented, especially in plants, they have changed 



their minds


but a gull is still a gull and a salamander is still a salamander and wheat is still wheat
Macro – formation of new body forms

can we observe? as individuals? as a species in history? (~7000 years – 0.002% of the time life has been 



on earth)


so if we haven’t been able to directly observe this, can we make hypotheses about what we would expect 



to find if new body forms evolve by natural means from pre-existing species?

evidence


1.  fossils:  what would you expect?




*sedimentary rock strata




older layers have only fossils of more primitive species




younger layers have more diverse fossil species




fossil record is biased:  hard parts only, areas with sedimentation, resin, ice





aging fossils – position sometimes altered by geological events






mineral content, index fossils, radioisotopes






U-235 to Pb-207, 700 million yr. half






14C to 14N < 50,000 yrs. (5730HL) – good for anthropologists



*transitional forms? flexibility of vertebrae


facts:  different species at different layers and of different ages, complexity changes over time




we do find fossils that look like they could be transitional stages



hypothesis?:  apparent transitional forms are – can this be tested?  molecular data?



2.  comparative anatomy:  what would you expect?






*homologous structures, divergent vs. analogous, convergent





vestigial structures: snake hindlimbs, asexual dandelion pollen






*ontogeny recapitulates phylogeny – tails, limbs, gills


facts:  species use same base structures for different functions



species have structures that are no longer in use



hypothesis:  ancestors of individual had and used the structure – can this be tested? fossils?



3.  biogeography:  island species, nearest mainland vs. other islands




*lands that separated earlier have more distinct flora and fauna





(continental drift, Australia



facts:  species on land masses that separated early are more distinct




fossils of species are distributed based on contintental drift timelines



4.  molecular biology:  genetic code is universal





molecular clocks: closely related = more similar sequences





mutation rates vary, traits under selection 






*proteins (cytochrome c from ETC) or not (junk DNA)






often agree with morphological data = phylogeny



facts: species that more closely resemble each other have more similar DNA


hypothesis:  species with more similar DNA had a common ancestor more recently




testable?: fossil record

The strength of Evolutionary Theory is that all these groups of evidences reinforce each other and can be tested against one another.

