Evolution = changes in species have occurred over time

· Theories of evolution attempt to explain how species have changed over time.  They are revised and modified based on new scientific evidence.

· Adaptations are features (structure, function, behavior) which make a species more suited to survive and reproduce in its environment.  Adaptations are a major part of theories of evolution.

· In 1809, Jean Baptiste de Lamarck suggested that the needs of an organism determined the characteristics that evolved in that organism, and useful characteristics acquired by an individual during its lifetime can be transmitted to its offspring.  Experiments have failed to support this theory.

· In the 19th century, Charles Darwin developed a theory of evolution based on observations of plants and animals that he studied all over the world during his voyage on the H.M.S. Beagle.  He presented observations that demonstrated that all living things evolved from other living things.  His theory of evolution was based on variation and natural selection.  It also included a number of concepts including:

1. overproduction – more offspring are born in a population than can possibly survive to reproduce themselves

2. competition – Since the number of individuals in a population tends to remain constant from generation to generation, a struggle for survival is suggested.  There is competition for food, shelter and the basics of life.

3. survival of the fittest – The individuals who survive are the ones best adapted to exist in their environment due to the possession of variations that maximize their fitness.

4. reproduction – Individuals that survive would then reproduce and transmit these variations to their offspring.

5. speciation – As time and generations continue, many adaptations are perpetuated in individuals until new species evolve in forms different from a common ancestral species.

· The major weakness of Darwin’s theory of natural selection was that he did not explain the genetic basis for variations and he did not take into consideration the origin of life itself.

· The modern theory of evolution supports Darwin’s concepts of variation and natural selection.  The modern theory incorporates the genetic basis of variation in individual organisms and populations.  Mutations and sexual reproduction provide the genetic basis for variation within a species.  Mutations are spontaneous and provide the raw material for evolution. They occur because of mistakes in the replication of DNA or as a result of radiation or chemicals in the environment.  Most mutations are either harmful or neutral, but a small percentage provide adaptations that help the organism better survive.

· A collection of individuals of the same species in a given area is a population.  The combined genetic information of all members of a particular population is a gene pool.  The number of times that an allele occurs in a gene pool compared with the number of times other alleles occur is called the relative frequency of the allele.

· If a trait made an organism less likely to survive and reproduce, fewer copies of the allele would pass to future generations, and the allele could even disappear from the gene pool completely.  If a trait had no effect on an organism’s fitness, the allele would not be under pressure from natural selection, and its frequency would remain unchanged.  If a trait increased an organism’s fitness, the allele would be favored by natural selection, and more copies of the allele would pass to future generations.  The frequency of the allele in the gene pool would increase.

· Evidence for evolution can be found in the fossil record, geological distribution of living species, homologous structures of living organisms, and similarities in early development.

Speciation = formation of new species

· A new species will develop when members of a population become reproductively isolated from one another.  This means that the members cannot breed and produce fertile offspring.

· Reproductive isolation can result from behavioral isolation, geographic isolation, and temporal isolation.  Behavioral isolation occurs when populations have differences in courtship rituals or other behaviors.  Geographic isolation occurs when populations are separated by geographic barriers such as rivers, mountains, or bodies of water.  A small group of organisms may be separated from the main population.  The isolated population may evolve into a separate species because it may have possessed different gene frequencies from the main population, different mutations may have occurred in the two populations, or different environmental factors may have acted on each population.  Temporal isolation would involve differences in the timing of mating and reproduction such as the release of pollen at different times.

· Darwin observed that speciation must have occurred in the finches on the Galapagos Islands.  It may have occurred through the following steps:

1. founders arrived

2. populations became separated

3. changes occurred in the gene pool

4. reproductive isolation occurred

5. ecological competition

6. continued evolution

Geologic Record

· Geologists have dated the earth to be between 4 ½ and 5 billion years old.  The age was determined by radioactive dating of rocks.

· Fossils are direct or indirect remains of organisms preserved in sedimentary rocks, amber, ice, or tar.  Fossils have been found which indicate that organisms existed over three billion years ago.  Upper rock layers generally contain fossils of more complex organisms and lower layers contain fossils of simpler life forms.  When comparing fossils in undisturbed layers, fossils in upper layers resemble fossils from lower layers.  This suggests links between modern life forms and older life forms and divergent pathways from common ancestry.

· Sexual reproduction shuffles and reshuffles genes in each generation.  This increase in genetic variation greatly increases the chances of evolutionary change due to natural selection.

· 90% of Earth’s history occurred during Precambrian Time.  During Precambrian time, anaerobic and photosynthetic forms of life first appeared.  Aerobic forms evolved and eukaryotes appeared.  Multicellular life forms then evolved.  Animals during this time were all soft-bodied.

Comparative Studies

· Observations supporting the theory of evolution can be made through comparative studies in the fields of cytology (cell structure), biochemistry (DNA, proteins, enzymes, cell processes), genetics (DNA and genes), anatomy (body structures such as wings, beaks, arms, legs, feet, hands), and embryology (structure and development of embryos)

Rate of Evolution

· Gradualism proposes that evolutionary change is slow or gradual and continuous.  This viewpoint is supported with evidence in fossils which show slight changes in organisms between adjacent layers of sedimentary rocks and greater differences between top and bottom layers.

· Punctuated Equilibrium proposes that species have long period of stability interrupted by brief periods of significant change during which a new species may evolve.  This view is supported in the fossil record where little change is observed from layer to layer, but sudden changes are observed between some adjacent layers.

Adaptive Advantage

· Some characteristics give individuals an advantage over others in surviving and reproducing.  The advantaged offspring are more likely than others to survive and reproduce.  The proportion of individuals that have advantageous characteristics will increase.  Each individual in a species population struggles for existence in its own environment.  The individuals that survive are assumed to be those best adapted to survive under the particular set of environmental conditions.  The individuals that die are considered to be those less adapted for survival.  When the survivors later reproduce, they tend to pass on the genes associated with their adaptive advantages.  Nature provides selection pressures that limit or eliminate traits that do not promote survival.  This is the primary role of natural selection in the process of evolution.

· The frequencies of favorable genes increase in the gene pool relative to the frequencies of the genes controlling the less favorable traits.  The shift in gene frequencies may be the mechanism of evolution.

· The variation of organisms within a species increases the chances that at least some members of the species will survive under changed environmental conditions.  Traits present in the gene pool of a population that have low or neutral survival value may increase in value if the environment changes or if the population moves to a new environment.

Extinction = the disappearance of an entire species

· Generally, extinction occurs when the environment changes (temperature changes, sea levels rise and fall, grasslands become deserts, clear lakes become polluted).  When the adaptive characteristics of a species are insufficient to allow its survival in a new environment, the species will become extinct.

· Mass extinctions occur when large numbers of species have disappeared.  Possible causes of mass extinctions include a huge asteroid striking earth, many large volcanoes erupting, continents changing position and sea levels changing.  When many species disappear at once, ecological niches are left open.  This can be followed by a burst of evolution that produces an abundance of new species.

Classification

· To study the diversity of life, biologists use a classification system to name organisms and to group them in a logical manner.

· Carolus Linnaeus developed a system of classification using seven categories from largest to smallest – kingdom, phylum, class, order, family, genus, species.

· A system of naming (nomenclature) has been developed using the genus and species names of a species.  The genus name is always capitalized and the species name is always written in lower case.  The language used in this system of binomial nomenclature is Latin.

· Linnaeus used structures and details of anatomy when classifying organisms.  This presented a problem to scientists because very different organisms can evolve similar body structures.

· Today, biologists group organism into categories that represent lines of evolutionary descent, not just physical similarities.

