Unit III - Evolution
Unit Outline
I. Evidence of Evolution- Chapter 28

               Evolution is defined as a gradual changed over time;  change in the earth itself is geologic evolution, change in species                           is organic evolution               
A. Supporting Observations
1. Geologic Record 
               a. Fossils – any trace or remains of an organism that has been preserved by natural processes, study of which compares the remains to organisms living today to determine if organic evolution has occurred.  Special circumstances are required for preservation, usually only hard parts are preserved.
                    i.. Ice and amber – extreme cold and anaerobic conditions lead to preservation of entire organisms since decay cannot occur
                    ii. Petrifaction – preservation of hard parts that are mineral in nature or by replacement by minerals of original components

                   iii. Molds, casts, and imprints – preservation by shape; molds are hollow, casts are mineral filled molds that reflect the entire external form of the original, imprints are impressions that remain when surrounding material hardens.
b. Relative and Absolute Dating 
    i.. Sedimentary rock is laid down in strata (layers) which are dated by the Law of Superposition, which states that the youngest material is on top of older material, and that the layers are arranged in a time sequence.  Fossils found in lower layers therefore represent organisms that lived at an earlier time than the fossils in upper layers.

    ii. Absolute dating methods determine how long ago a particular event occurred.  Most accurate and reliable is radioactive dating, which is based on the instability of certain isotopes of some elements. These isotopes change at a rate that is fixed.  The time required for half the atoms of an isotope to decay is called the half-life.  By comparing the ratio of the isotopes the age of a fossil or of igneous rock can be calculated.   

c. Correlation involves comparison of sediments and the fossils embedded in them over a geographic range.  Certain fossils, termed index fossils, have been demonstrated to have occurred over a wide geographic area for a limited amount of geologic time.  The geologic time scale has been constructed through correlation of absolute and relative dating of rocks and is referenced with the organisms that flourished in each time interval.
d. Patterns of Evolution are evident from the fossil record:
    i.. simple to complex

   ii.. eukaryotic organisms after prokaryotic organisms

  iii. multicellular organisms after single-celled organisms

   iv. terrestrial plants and animals arrived later than aquatic species

   Evolution is not linear.  Sequences have been found in the fossil record, however, there are often side branches and many transitional forms may be missing.  Many species of organisms are no longer in existence, they have become extinct.  At certain points in the fossil record, many species have become extinct at the same time – a mass extinction.
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www.clearlight.com/~mhieb/WVFossils/GeolTimeScale.html.
2. Evidence from Living Organisms for Evolutionary Relationships Among Species
    a. Comparative Anatomy  -  study of structural similarities and differences
        i. homologous structures - parts of different organisms that have similar structures and similar embryological development, but have different forms and functions, e.g. human hand, flipper of a whale, limb of a cat, wing of a bat, wing of a bird
       ii. analogous structures – structures that have similar external forms and functions but different internal structures, e.g. wing of a bird, wing of an insect
      iii. vestigial structures – remnants of structures that were functional in an ancestral form, e.g. human coccyx, human appendix, whales and pythons have vestigial hind leg bones
    b. Comparative Embryology – comparison of early developmental stages, e.g. gill slits, numbers of chambers of the heart, presence of tails
    c. Comparative Biochemistry  - more closely related the species are to one another, the greater the biochemical similarities, e.g. similar hormones and proteins, such as insulin, thyroxine, cytochrome c, as well as DNA including introns, and ATP
    d. Comparative Cytology  - similarities in cytological structures, e.g. eukaryotic cellular organelles
B. Origins of Life
1. Spontaneous Generation – (abiogenesis) the belief that living organisms could arise spontaneously (naturally) in a few days or weeks from nonliving matter
                                                     a. Early Experiments 
    i. van Helmont – “active primnciple” of human sweat transformed wheat grains into mice – an uncontrolled experiment that was widely accepted as proof of abiogenesis in the early 1600s
   ii. Redi – mid1600s was first blow against spontaneous generation – several controlled experiments that demonstrated that maggots developed from eggs laid on meat by flies rather than spontaneously arising from the meat

  iii. simultaneously with Redi’s work appearance of microorganisms in hay filled water appeared to confirm spontaneous generation again and opposing experimental results of Needham and Spallanzani in boiling flasks of broth did not settle the controversy
b. Disproving the Theory – experiments by Louis Pasteur proved that sterilized broth could not give rise to organisms spontaneously as the organisms were trapped in the bent neck of a flask
2. Heterotroph Hypothesis – formulated by a small group of scientists in the 1920s and 1930s, based on the work of Russian biochemist A.I. Oparin which assumed that physical and chemical conditions on the earth billions of years ago were very different from today
a. Primitive conditions:

    i. Atmosphere composed of H2, H2O vapor, NH3, and CH4,  
   ii. High temperatures, 
   iii.Oceans when first formed were probably not much below the boiling point of water, 
   iv. More rapid chemical reactions than at present producing more complex organic compounds, such as nucleotides, amino acids, sugars

    v. Energy for reactions: heat from earth itself, radioactive decay, lightening, UV, visible light, X radiation  
b. Earth today:

    i. Cooled, oceans no longer at boiling, 
    ii. Atmosphere N2, O2, CO2
c. Primitive living things, heterotrophs, were protein complexes that developed into nonliving aggregates, coacervates, surrounded by a “shell” of water molecules which formed a limiting membrane, and eventually developed biochemical systems with the capacity to release energy, absorb materials from the environment and grow in size, and  split in half, and each half would again grow.
d. Theory supported by experimental evidence provided in 1953 by Miller and Urey, and supported by experiments of Fox and others. No one yet has been able to produce self-replicating coacervates in the laboratory; but Cairns-Smith has proposed that inorganic crystals of clay might be the primitive so-called organisms, as clay minerals self-assemble in specific patterns determined by the materials that compose them.
e. Errors may have occurred during the assembly process resulting in new “mutated” forms, forms with more favorable properties served as templates for organic molecules.
f. Heterotroph to Autotroph; Anaerobe to Aerobe; 

i. Anaerobic respiration produced energy (no O2 in atmosphere), CO2 released into oceans and atmosphere,

   ii. Nutrient supply decreases as population increases leading to competition

iii. Organisms develop with more complex biochemical systems that allow them to compete successfully

 iv. First photosynthetic organisms develop that use light energy directly for the synthesis of ATP.

  v. Photosynthetic organisms change the environment by adding O2 to the atmosphere.

  vi. Presence of O2 led to development of organisms that carry out the more efficient process of aerobic respiration

vii. O2 blocked X rays, O3 blocked UV light reducing the original high energy conditions of the atmosphere.
