Bios 1063 Chapters 13 and 14

I. Natural Selection
The mechanism for evolution is natural selection.  A population of organisms can change over the generations, if individuals having certain inheritable traits that increase their survival leave more offspring than other individuals.  This causes unequal reproductive success.  The result is evolutionary adaptation.

II.  Evidence of Evolution:

A.  Fossil Record-chronology of fossil appearance in rock layers marking the passage of geological time.  
B. Biogeography-Geographic distribution of various species-- Darwin noticed the Galapagos species resembled species from South America.

C. Comparative Anatomy-similarities of bones between species-all mammala share the same bone structure.  

D. Comparative Embryology-embryos have similar developmental features, Vertebrates-pharyngeal slits or pouches, post anal tail, notochord and dorsal hollow nerve as embryos.

E. Molecular Biology all life forms use the same 4 letters of the DNA alphabet-many similarities in genes.  The amount of similarity in genes determines our relatedness. 

III. Natural Selection and Adaptive Evolution

Darwin based his natural selection theory on 2 key observations.  

1) Overproduction:  Species tend to produce excessive numbers of offspring, more than the environment can support which leads to a struggle for existence among the individuals in the population.  

2) 2) Individual variation:  Variation among individuals of a population.  Just as no two humans are alike, variation abounds in all species. Even cockroaches, if you were to look at them under a microscope you would notice subtle differences.  Much of the variation is inheritable.  Darwin concluded that individuals whose inherited traits are best-suited to the local environment are more likely to survive and reproduce.  Differential reproductive success (natural selection) is evolutionary adaptation.

IV. Natural Selection in Action-Pesticide resistant insects-antibiotic resistant bacteria.  Natural selection is an editing process rather than a creative process.  

Organisms that have certain genes that help them adapt and survive in the local environment will be selected for.

V.  Populations as Units of Evolution

A. Population: a group of individuals of the same species in the same area at the same time.  One population may be isolated from others of the same species.  Isolated individuals interbreed.  Common to populations on separated islands.

A population is the smallest biological unit that can evolve.  A common misconception is that individuals evolve during their lifetimes.  It is true that natural selection acts on individuals.  Inherited characteristics affects their survival and reproductive success

B. Population genetics-emphasizes the extensive genetic variation within populations and tracks the genetic makeup of populations over time.

C. Sources of Genetic Variation Mutations and sexual recombination, which are both random processes, produce genetic variation.  Bacteria and populations that reproduce rapidly-mutations can have a significant effect.  Animals and plants depend mainly on sexual recombination for the genetic variation that makes adaptation possible.  Natural selection is not random-the environment selectively promotes the propagation of those genetic combinations that enhance survival and reproductive success.

Gene Pool-consists of all alleles in all the individuals making up a population.   The gene pool is the reservoir from which the next generation draws its genes.

VI.   Mechanisms of Microevolution (Evolution in populations)-Three causes:
1. Genetic Drift-A change in the gene pool of a small population due to chance.
2 situations that can cause genetic drift in a population are:

A. The Bottleneck Effect:  Disasters such as earthquakes, floods, drought and fires may reduce the size of a population drastically or a part of population becomes isolated, such that certain genes (alleles) will be over represented and some will be underrepresented and some genes (alleles) may be eliminated.  Reduced gene pool-reduced genetic variability.

B. The Founder Effect:  When a few individuals colonize an isolated island, lake or some other new habitat.  The smaller the colony, the less its genetic makeup represents the gene pool of the larger population.  This effect contributed to the evolutionary divergence of the finches and other South American organisms that arrived as strays on the Galapagos Islands.

In 1814, 15 people founded a British colony on Tristan da Cunha in the middle of the Atlantic Ocean.  One of the colonist carried a recessive allele for retinitis pigmentosa, a progressive form of blindness.  Of the 240 discendents who still lived on the islands in the 1960s, 4 had retinitis pigmentosa-9 others were carriers.  The frequency of this allele is much higher than in Great Britain, the source of the colonists.  Any group of people that reproductively isolate themselves from the main population will have less genetic variation.  For example in the U.S., the Amish have chosen to breed only with other Amish, this has decreased their gene pool.  We now see most children of the Amish are being born with 6 fingers instead of 5. 

2.  Mutations: Over the long term, mutation is important to evolution because the original source of the genetic variation serves as raw material for natural selection.

3. Natural Selection (3 modes of Selection can occurS)

1. Directional Selection-a particular phenotype is favored -shifts the population in a certain direction.  Pepper moths are white moths with dark spots ergo their name pepper moths.  A small population of them are dark grey in color which makes them easier for predators to see on concrete buildings.  During the Industrial revolution, when there was a lot of pollution that covered buildings causing them to turn a grayish color, the lighter colored Pepper moths were prone to predation and the darker colored Pepper moths were able to blend in with the buildings, they had greater reproductive success because they were not preyed on as much.  The majority of the Pepper moth population changed their coloration to the darker grey color.  This is Directional Selection.  Today with the new pollution laws and restoration of concrete buildings to their natural light color, the Pepper moth population is shifting to the lighter color again.

2.   Diversifying Selection-a patchy environment which favors different phenotypes in different patches.  For example:  there is an island off the cost of Maine and they have one particular species of snails.  This 1 species of snails now consists of 2 populations:  1 population has small grey shells and they are found on a pebble beach (beach covered with small pebbles (rocks).  The second population is about twice the size and has white shells; they are found on a white sandy beach.  

3. Stabilizing Selection:  maintains variation for a particular trait within a narrow range.  Occurs in a stable environment.  Stabilizing selection keeps the majority of human birth weights at 6.5-9 pounds.  Babies born within this weight  range have a greater change of survival.  

II.  Macroevolution-Speciation (evolution of new species; diversification).  

Species: groups of interbreeding natural populations that are reproductively isolated from other such groups.  Domestic cats can’t breed with wild cats.  Humans are all the same species, because we can interbreed with each other.  

A.  Reproductive Barriers Between Species (keeps species separated)

1.  Pre-zygotic barriers-impede mating between species or hinders fertilization of eggs if members of different species should attempt to mate.

a.  Temporal Isolation-Different species breed at different times.  Western spotted skunks breed in the fall but the eastern species breeds in the spring.

b. Habitat Isolation:  Different habitats keep species from breeding with each other; one species of garter snake lives mainly in water while a closely related species lives on land.

c. Behavioral Isolation: Courtship rituals or other identification requirements for mates can be reproductive barriers.  Many bird species courtship behavior is so elaborate.  Fireflies emit light in a certain pattern.  Spiders identify others of their species by the webs they make.  Each species of spider makes a unique web design.  

d. Mechanical Isolation:  Male and female sex organs of different species are anatomically incompatible.  

e. Gametic Isolation:  Gametes (eggs and sperm) from different species are incompatible and fertilization does not occur.  In many mammals, sperm may not survive in females of a different species.  

2.  Post-zygotic Barriers-Back up mechanisms that operate should interspecies mating actually occur and form hybrid zygotes

a. Hybrid inviability-offspring from 2 species fails to develop normally.

b. Hybrid sterility-If offspring should survive, they will be sterile.  Humans bred horse + donkey = mule which is sterile.  Mules are sterile animals.  

III.  Mechanisms of Speciation

A.  Allopatric Speciation-geographic barriers that physically isolates the splinter population.

Several geological processes can fragment a population into two or more isolated populations.  A mountain range may emerge and gradually split a population of organism that can inhabit only lowlands.  Creeping glaciers, Volcanos arise to form new islands.

Allopatric speciation:  A species of squirrels  were splintered into 2 populations by the Grand Canyon, and they evolved into 2 different species.  If you put these 2 species of squirrels together, they will not interbreed indicating that they have evolved into separate species.  

B.  Sympatric Speciation-origin of a new species without geographic isolation-the splinter population becomes reproductively isolated right in the midst of the parent population.

Non-disjunction accidents-polyploid plants.

Polyploid plants-do not always come from a single parent species.  In fact, most polyploid species arise from hybridization of 2 parent species.

This accounts for many of the plant species we grow for food including oats, potatoes, bananas, peanuts, barley, plums, apples, sugarcan, coffee and wheat.

Wheat is represented by 20 different species.


Humans began domesticating wheat from wild grasses at least 11,000 years ago from wild grasses in the Middle East

What is the Tempo of Speciation:

A.  Gradualist Model-species descended from a common ancestor diverge more and more in form as they acquire unique adaptations.

B. Punctuated Equilibrium Model-a new species changes most as it buds from a parent species.  After this speciation episode, there is little change for the rest of the species’ existence.

Fossil evidence supports the Punctuate Equillibrium model:  Species Diverge in Spurts of relatively rapid change.

Long periods of no change followed (punctuated) by episodes of speciation.

Genetic Drift and natural selection can cause significant change in the gene pool of a small population in a challenging new environment.

Fossil records show successful species last for a few million years, on average.  

Suppose a species survives 5 million years, yet most of its change occurred in the first 50,000 years of its existence.  

Species defining characteristics is compressed into just 1% of the lifetime of the species.

Earth History and Macroevolution

A. Geological Time and the Fossil Record

Geological Time scale of 4 Eras:

1. Precambrian,

2. Paleozoic, (Cambrium Explosion, Carboniferous period)

3. Mesozoic (Age of the Reptiles, Dinosaurs; gymnosperms))

4. Cenozoic eras (Age of the mammals and angiosperms; we are currently in the Cenozoic Era)

Era Boundaries are marked by explosive diversification of many new forms of life.  Following a period of mass extinction, a new Era begins with the diversification of many new species.  

B.  Continental Drift and Macroevolution;  The earths crusts sits on continental plates also called Tectonic plates

Tectonic Plates-Continental plates-floating on a hot molten mantle.  They are moving plates.  Currently, Europe and North America are floating away from each other at a rate of 2 cm per year.   When the continental plates slide against each other, it causes earthquakes.  Our land masses are not stable unmovable objects.  

1. The single supercontinent of Pangea formed 250 million years ago

2.  180 million years ago Pangea split into Northern (Laurasia) and Southern (Gondwana)  landmasses, which later separated into separate continents.

3. India collides with Eurasia 10 million years ago forming the Himalayan mountains-the tallest and youngest of earth’s mountain ranges.

4.  Continents continue to drift.  

C. Mass Extinction and Explosive Diversification of Life.

There have been 6 distinct periods of mass extinction over the last 600 million years.  During these times loss of species escalated to 6 times the average rate.  

The 2 most studied mass extinctions mark the ends of the Permian and Cretaceous Periods.  

The Permian Extinction:  occurred about the time the continents merged to form Pangea.  90% of marine species when extinct and it took a tremendous toll on terrestrial life as well.  The Permian extinction marks the end of the Palezoic Era.    This led to massive diversification of reptiles and gymnosperms (cone plants), which starts the Mesozoic Era.

The Cretaceous Extinction:  occurred because of changes in continental drift and which caused dramatic climate changes as well as Asteroid impact that made the Chicxulub crater.  Dinosaurs (Age of the Reptiles which lasted 180 million years) went extinct over a 10 million year period.  It did not occur in months after an asteroid hit like they show in the movies.  This ended the Mesozoic Era.   This led to massive diversification of mammals and angiosperms (flowering plants), which starts the Cenozoic Era (our current era).  Small mammals existed for 75 million years before undergoing the massive explosion of diverisification

Extinction provides surviving organisms with new environmental opportunities. 

We are currently in a mass extinction.  Unlike any other mass extinction event, this mass extinction is due to one species (humans), which are destroying large ecosystems (for example tropical rain forests) to make room for the ever expanding human population.  We have had more species go extinct during the last 100 years than during the last 100,000 years before.  

