II. Theories of Evolution - Chapter 29
A. Lamarck  - 1809
                 1. Species not constant, they change, new arise from preexisting

                 2. Evolution in animals caused by their need to adapt to changes in the environment

                 3. Two principles

   a. Law of Use and Disuse – the more an animal uses a particular part of its body, the stronger and better developed it becomes and the contrary is true as well

   b. Inheritance of Acquired Characteristics – characteristics an organism developed through use and disuse could be passed on to its offspring

4. Disproved in 1870s by August Weismann’s experiments that removed the tails of mice for 22 generations, however, each generation had tails of normal length
B. Darwin
1. Observations

    a. 1831 Darwin was the naturalist on HMS Beagle, which traveled along the South American coast and to the Galapágos Islands; 
    b. his observations of the various species led him to believe that the organisms on the Galapágoshad reached the islands from the mainland and then because of their isolation on the islands, the species had opportunities to develop special adaptations to each different island, and therefore evolve
    c. Many observations supported the hypothesis, but he had no explanation of how evolution occurred, so did not immediately publish
2. Malthus’ An Essay on the Principle of Population  in which he described how populations tend to increase geometrically while food supplies increase arithmetically, greatly influenced Darwin.  He formed his theory of natural selection based on the idea that nature selects survivors resulting in evolution.  Alfred Wallace independently arrived at the same idea based on research in the Malaysian Peninsula.  1859 On the Origin of Species by Means of Natural Selection  was published, summarizing the six main points of Darwin’s theory:
a. Overproduction – more offspring are produced than are needed to maintain the population, 

b. Competition – offspring in each generation must compete for resources

c. Variation – the characteristics of individuals in any species are not exactly alike; 

d. Adaptations - some variations are not important, others may affect the ability to survive and reproduce; these latter are adaptations

e. Natural Selection – the environment selects plants and animals with optimal traits to be the parents of the next generation because they will survive and reproduce in greater numbers than those without these traits; favorable adaptations are usually passed on to the next generation
f. Speciation – over many generations, favorable adaptations accumulate eventually becoming so numerous that the result is a new species that will not reproduce with members of the former species
C. Rate of Evolution
1. Gradualism – new species arise through the gradual accumulation of small variations, slowly and continuously over thousands and millions of years (note: transitional links may be missing from the fossil record because they were less common and therefore note preserved); Darwin believed in this model.
2. Punctuated Equilibrium  - espoused by contemporary evolutionary theorists Gould and Eldredge, a species remains in equilibrium  for extended periods of time, and then, a short period of rapid evolution occurs and new species appear and then a new equilibrium is established.  The fossil record seems to support this new theory however the mechanisms that could produce a new species in such a short interval are unknown.
D. Genetics and Evolution – Darwin had no knowledge of genetics; the modern theory of evolution proposes that evolution happens to populations, not to individuals
1. Population Genetics – the study of changes in the genetic makeup of populations
    a. each individual has a set of alleles that is not exactly the same as the set of any other individual

    b. the total of all the alleles present in a population is called the gene pool
    c. each allele occurs in the population’s gene pool with a certain frequency

    d. evolution is the gradual change of the allele frequencies found in a population
2. Variation – sources of genetic variation

    a. mutations (deVries’ contribution) 

        i. mutation of any particular gene is rare 
 ii. most mutations are recessive; rare for mutant alleles to be brought together in a homozygous state, may be helpful or harmful when they are particularly if the environment changes

                                                     iii. chromosomal mutations can result in new gene combinations

  b. recombination as a result of sexual reproduction 

       i. crossing-over  producing new allele combinations

  ii. independent assortment  results in alleles on non-homologous chromosomes are randomly grouped
   c. migration of individuals between populations may bring in genes not already present, or remove genes from the population
   d. genetic drift – change in the gene pool of a small population that is brought about by chance, it is usually harmful to the population because it decreases variations in the gene pool
3. Hardy-Weinberg Law - 1908
    a. genetic equilibrium exists when allele frequencies do not change from one generation to the next; alleles do not need to have the same frequency

    b. segregation and recombination of genes in sexual reproduction do not change allele frequencies by themselves and therefore do not affect genetic equilibrium

    c. four conditions must exist in a population for this to hold true

        i. large population must exist to eliminate loss of low frequency alleles and genetic drift

       ii. no emigration or immigration may occur

      iii. mutations must not occur 
      iv. reproduction must be completely random so that every individual has an equal chance of producing offspring

    d. First two conditions can exist but last two almost never exist in nature; thus, when allele frequencies in a population change, external factors are the cause.  Failure of Hardy-Weinberg is an indication that evolution is occurring; extent of variation is a measure of how rapid the evolutionary change is.

    e. Equation: p2 + 2pq + q2 = 1, where  p is the frequency of one allele for a trait and q is the frequency of the other allele for the trait; p2 is the frequency of homozygous dominant individuals, q2 is the frequency of homozygous recessive individuals, and 2pq is the frequency of the heterozygotes 

 E. Adaptations and Natural Selection

                 1. Types of Adaptations
                      a. Structural adaptations – involve the body of the organism

                      b. Physiological adaptations – involve the metabolism of organisms

                      c. Behavioral adaptations – involve behavior patterns

                      d. Purpose may be protection

                          i. camouflage – organism blends into environment

 ii. warning coloration – colors make organism easier to see, advantageous to unpleasant organisms

iii. mimicry – oen organism is protected from its enemies b y its resemblance to another species
2. Types of Selection - natural selection disturbs genetic equilibrium changing allelic frequencies in a  population thereby determining which adaptations are favorable for a species
    a. Directional 
        i. favoring of an extreme phenotype, 

       ii. usually occurs when environment changes or when the species migrate
      iii. new environment favors the extreme phenotype, causing population to evolve

    b.Stabilizing 
       i. average phenotype is the favorable adaptation, and the extremes unfavorable

      ii. operates most of the time in most populations

     iii. limits evolution by keeping allele frequencies relatively constant

    c. Disruptive
       i. rare

      ii. two opposite phenotypes are favorable adaptations, while the average phenotype is unfavorable

     iii. alleles carried by the extreme phenotypes would increase in frequency over time, creating two subpopulations   
3. Speciation – formation of a new species
 a. Geographic Separation
     i. each species is found in a particular region of the earth, called its range
ii. characteristics of a species are often different in different parts of its range producing separate subspecies or varieties (the term cline is used for these subspecies if there is a change in environment from one part of the range to the other)
iii. if these populations vary so much that it loses the ability to interbreed, a new species develops
 b. Types of Speciation

  i. Isolation – anything that prevents two groups within a species from interbreeding; two-step process
a. geographic isolation – populations is divided by a natural barrier such as a mountain, desert, river or other body of water, or a landslide; over time each group becomes adapted to its particular environment, and becomes
b. reproductively isolated – the loss of the ability to interbreed  because of differences in

   1. courtship behavior, 

   2. times of mating, 

   3. structure of the sex organs,

   4. the inability of sperm to fertilize eggs,

   5. death of an embryo, 

   6. the production of sterile offspring
                                                       ii. Polyploidy – sudden speciation through abnormal mitosis or meiosis, offspring can only breed among themselves

                                                      iii. Adaptive Radiation – species evolves into a number of different species, each occupying a new environment 
4. Convergent Evolution – organisms that are not closely related may develop similar adaptations and come to resemble one another; produces analogous structures
5. Coevolution – two or more species can evolve in response to each other through cooperative or competitive adaptations; reduces competition between species and benefits both species.
6. Evolution in Action

     a. Industrial Melanism – development of dark-colored organisms in a population exposed to industrial air pollution

     b. Bacterial Resistance to Antibiotics – once the use of antibiotics became common, resistant strains of bacteria began to appear

     c. Insect Resistance to DDT – natural resistance to DDT allowed the resistant organisms in the population to thrive; DDT acted as the environmental agent for selection of resistant strains
