Chapter 24

I.  What is a Species?

A.  Macroevolution, the origin of new taxonomic groups (family, genus, etc) requires speciation-the creation of a new species.  Creation of a new species requires microevolution-changes in alleles in a population.  Changes in alleles are due to natural selection-production of a disproportionate number of offspring, which have favorable, heritable characteristics 

B.  Speciation –2 patterns

1.  anagenesis (phyletic evolution)-accumulation of changes associated with the transformation of one species to another

2.  cladogenesis (branching evolution)-budding of one or more new species from a parent species that continues to exist

C.  Biological Species Concept- a population or group of populations that can interbreed and produce viable offspring with each other, but not another species; advocated by Ernst Mayr (1942)

D.  Prezygotic and postzygotic barriers isolate gene pools


1.  prezygotic barriers-prevent fusion of the egg and sperm

a.  habitat isolation-species living in a different habitat in the same area rarely encounter each other; snakes living in water vs land rarely meet

b.  behavioral isolation-special signals attract specific mates; the song of a hummingbird may not attract a cardinal

c.  temporal isolation-species that mate at different times won’t mate; differences in time of day, year, season, etc

d.  mechanical isolation-copulatory organs are unsuitable; horses and humans shouldn’t mate

e.  gametic isolation-the gametes of each species have specific glycoproteins and receptors that only respond to each other; species of fish and amphibians won’t mate even if gametes are spread in water

2.  postzygotic barriers-usually prevent the hybrid from developing into a viable, fertile adult

a.  reduced hybrid viability-the hybrid may be aborted at the embryonic stage; those that survive are frail

b.  reduced hybrid fertility-the hybrid is sterile; cross between a horse and a donkey form a mule

c.  hybrid breakdown-first generation hybrids are viable and fertile, but the next generation is sterile or feeble

F.  Limitations of the Biological Species Concept

1.  the concept says that different species should not interbreed, however, more hybridization occurs that is realized, especially in plants

2. some organisms may be classified as a species, but are incapable of mating in nature or in a lab; some species of frogs seem similar but are incapable of mating

3. if a population does not occur in nature together, we don’t know for sure that they won’t interbreed

4. some species can be mated under laboratory conditions but will not mate in nature

5. doesn’t work for asexual life forms; different species of bacteria can exchange genetic material

G.  Alternative Concepts 


1.  ecological species concept-classifies organisms based on their ecological niche


2.  pluralistic species concept-many factors may define a species

3.  morphological species concept-characterizes organisms based on structural features

4.  genealogical species concept-defines a species as a set of organisms with a unique genetic history

II.  Modes of Speciation

A.  Allopatric Speciation-a new species forms from a parent population due to geographic separation

1. conditions needed

a. small population-genetic changes become more pronounced

b. isolated population-lack of gene flow ensures speciation

2.  ring species-if a population fragments, when they meet in another geographical area, speciation may or may not occur; species geographically closer to the parent population tend to be more like the parent, and occasionally interbreed 

2.  adaptive radiation-the evolution of many species from a common ancestor; species A may be removed from the mainland onto island #1.  Species A evolves into species B (natural selection, evolution) on island #1.  Species B is placed on island #2.  Species B evolved into species C on island #2.  Species C may be placed onto island #1 and co-exist with species B but not interbreeding.  Species C may also be placed onto island #3 and evolve into species D, etc….. 

2. potential misunderstandings

a. geographic isolation does not mean reproductive isolation; humans living in Georgia and Australia are geographically isolated, but are capable of interbreeding; reproductive barriers are intrinsic to the organism

b. reproductive barriers do not arise on purpose; it is probably related to the location of genes used for speciation; a gene for reproductive isolation and a gene for long necks may not separate during meiosis

c.  example of a prezygotic barrier- fruit flies were experimentally placed into groups.  Some groups lived on a sucrose medium, others placed onto a maltose medium.  Generations later (after natural selection and evolution occurred), flies were placed into mixed populations.  Maltose preferers were more likely to mate with other maltose preferers, even if it was in a different experimental population, than mate with sucrose preferers, and vice versa.  However, some mating of maltose and sucrose preferers did occur.  This suggests that behavioral isolation may have prevented mixing; a specific smell may be emitted that lets other flies know which medium is the one preferred

b.  example of a postzygotic barrier-monkey flowers from nearby areas (Georgia and Florida) are more likely to breed than flowers from far areas (Georgia and Maine); reproductive compatibility between nearby populations may occur since some breeding is likely to occur; those plants that are far away would never hybridize, so there is no selection pressure to keep them compatible 

B.  Sympatric Speciation-a new species emerges in the same geographic area as the parent

1.  polyploidy (mutant condition during cell division that results in an extra set of chromosomes speciation in plants)

a.  autopolyploidy-during gamete formation, chromosomes may not separate.  When the gametes merge, a tetraploid results; the tetraploid can fertilize itself or mate with another tetraploid; if it backbreeds with a parent, the offspring will be sterile

b.  allopolyploidy-2 different species form an offspring with unpaired gametes; the hybrid may undergo self fertilization or spontaneously duplicate its chromosomes so that it can breed with other hybrids, but cannot backbreed; allopolyploidy more common than autopolyploidy

2.  sympatric speciation in animals-some fishes (chichlids) choose mates based on coloration differences.  When placed in an aquarium experimentally, females only mated with males of their own species.  When an orange light was shone into the aquarium, the 2 species appeared similar in color, so females of each species choose males of both species.  Hybrids were viable and fertile.  Behavioral isolation was he reproductive barriers and since the species could still breed, divergence probably occurred recently.

C. Tempo of Speciation

1.  punctuated equilibrium-states that species diverge in spurts of rapid change between the parent species to the next, then undergo little change as additional species arise

a.  advocates think rapid change means thousands of years out of the millions of years a species persists

b.  advocates say that there is no transistion in the fossil record between 2 species

2.  gradualism-states that species gradually diverge from its ancestor

a.  advocates think if small subtle changes lead to substantial ones in geology, why can’t this be true for evolution

b.  advocates think the sudden appearance of new species is not due to punctuated equilibrium, but the fact that some organisms of a species may migrate and return to the same geographic area  long after the parent species died and left remnants; then species b died and left remnants

c.  advocates think many species change in ways that cannot be detected from the fossil record

III.  Speciation to Macroevolution

  A.  Evolutionary Novelties are Modified Versions of Older Structures

1.  the complexity of the human eye may be the result of many changes in eye structure; photoreceptors, image production, color production, etc

2.  exaptation-a structure which has a specific function in an ancestral species, then has another function of later species; lightweight bones of ancestral birds were not adapted for flight; they probably led to increased agility to run from predators; the wings of a bird may have been used for courtship, and later found to help escape predators by flight; natural selection may have allowed for remodeling for a new function

  B.  Evo-devo- the study of how evolution and organism development are related

1.  allometric growth-growth rates of different parts of the body in development; limbs of a human baby grow faster than the head and trunk

2.  heterochrony-evolutionary change in the timing or rate of development; terrestrial salamanders need longer amounts of time for longer digits and less webbing; tree dwelling salamanders need smaller feet and more webbing; genes for toe length may have been turned off of the tree dwelling salamander

3.  paedomorphosis-sexually mature organism with juvenile features may emerge; axolotl-type of salamander; occurs due to a change in timing of reproductive development

4.  homeotic genes-determine where a structure may develop; Hox genes are a class of homeotic genes; its expression can determine whether a fin or arm will form 

  C.  An Evolutionary Trend doesn’t Mean Evolution is Goal Oriented-just because an evolutionary tree shows progression for one characteristic, doesn’t mean that there weren’t branches showing regression; the evolutionary tree shows the trend for the horse ancestor (the size of a dog) to a larger organism (horses, zebras, etc); not all the intermediates became larger

1.  species selection-suggests that the species that endure the longest and generate the greatest number of new species determine the direction of major evolutionary trends

