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Speciation and Macroevolution
Lecture Outline

I. Species are reproductively isolated in various ways

A. A species can be defined as a group of organisms that are reproductively isolated from other groups of organisms  

1. Members of the same species can reproduce with each other and produce fertile offspring

2. Reproductive isolating mechanisms prevent successful mating between members of 2 closely related, but different, species

a) Mechanisms may be prezygotic or postzygotic

B. Prezygotic barriers interfere with fertilization

1. Prezygotic barriers act to prevent fertilization

2. Temporal isolation is due to different mating times

3. Habitat isolation occurs when organisms live and breed in different habitats in the same geographic area

4. Behavioral, or sexual, isolation is based on differences in courtship behaviors or other reproductive signals

5. Mechanical isolation is due to incompatibility of reproductive structures

6. Plants may have different floral morphologies that prevent them from being cross-pollinated by different insects

7. Gametic isolation is incompatibility between eggs and sperm of different species

a) Sperm of aquatic species that are externally fertilized may not be able to bind to eggs of different species

b) Plant pollen may not germinate if it lands on the stigma of a different plant species

C. Postzygotic barriers prevent gene flow when fertilization occurs

1. Often, the embryo of an interspecific hybrid dies in the embryonic stage and spontaneously aborts, known as hybrid inviability

2. Hybrids may not be able to reproduce due to differences in courtship behaviors, or hybrid sterility may result because the chromosomes of the hybrid may be incompatible with meiosis

3. On occasion, F2 hybrids may exhibit hybrid breakdown, the inability to reproduce due to some genetic defect

D. The genetic basis of isolating mechanisms are being elucidated

1. Some mechanisms are based on molecular differences, for example binding proteins between sperm and egg

Reproductive isolation is the key to speciation

E. Speciation is the formation of a new species

F. Long physical isolation and different selective pressures result in allopatric speciation 

1. This most common form of speciation is thought to be nearly the only mechanism of animal speciation

2. Allopatric speciation occurs when populations of a species become separated geographically and subsequently undergo genetic drift or natural selection

3. Geographic isolation may be caused by rivers shifting course, glaciation, land bridges, or mountains forming

a) This is particularly important to fish and other aquatic animals that can’t easily "leave" or move

4. The flora and fauna of many islands are excellent examples of allopatric speciation

5. Allopatric speciation may occur relatively rapidly, particularly if the isolated population is small

6. The Kaibab squirrel is an example of allopatric speciation in progress

a) These squirrels have become separated by the sides of the Grand Canyon, and now show marked phenotypic differences that may make them separate species

7. Porto Santo rabbits may be an example of extremely rapid allopatric speciation

a) When introduced to an island off of Portugal, these rabbits exhibited a rapid change in phenotype, and may indeed be a new species in a short period of 400 years

G. 2 populations diverge in the same physical location by sympatric speciation

1. Sympatric speciation is particularly important in plants, but is believed to be very rare in animals

a) Polyploidy is a doubling of chromosomes:  Between 30-80% of flowering plants are polyploids

b) Polyploidy occurring with hybridization is referred to as allopolyploidy

c) Allopolyploidy results in a fertile interspecific hybrid that can self fertilize or reproduce with a similar hybrid

d) Allopolyploidy can result in rapid speciation—in just one generation!

2. Changing the ecology of a population can cause sympatric speciation in animals

a) This may include changing food preferences or the host animal

b)  When a mutation occurs in an individual, this may result in reproductive isolation by ecological isolation

c) An interesting example of this type of speciation is seen in cichlids in some of the African Great Lakes; there are over 500 species of endemic cichlids in Lake Victoria alone, and the species are divided into guilds that have different feeding habits

Reproductive isolation breaks down in hybrid zones

3. Determination of species identity is difficult where the range of 2 species or subspecies overlaps

4. The hybrid zone occurs if they interbreed there

5. An example of this is the red-shafted and yellow-shafted flickers—are they separate species or subspecies (geographical races)?

II. Evolutionary change can occur rapidly or gradually

A. The lack of some transitional stages in the fossil record has traditionally been explained by the incompleteness of the fossil record

1. The gradualism model follows this theory; this is the traditional Darwinian view

B. Punctuated equilibrium states that the rate of evolutionary change may be rapid and that the lack of transitional stages is due to the rapidity of change

1. First proposed by Steven J. Gould and Niles Eldredge in 1972

2. Punctuated equilibrium holds that speciation may occur within thousands of years, followed by millions of years of stasis

C. Biologists disagree about the pace of evolution, but not the mechanism

III. Macroevolution involves major evolutionary events

A. Macroevolutionary changes include such major events as the appearance of feathered, winged birds, or the evolution of mammary glands in mammals; both evolved from different groups of reptiles lacking such characteristics

B. Evolutionary novelties originate from modifications of preexisting structures

1. Preadaptations are variations of a structure that previously had 1 role into a similar structure with a different role

a) Feathers may have evolved for thermoregulation and later come into use for flight

b) Mammalian inner ear bones were derived from jaw bones of reptiles

c) Allometric growth shows how body parts may increase in relative size for specialized uses

d) Changes in the timing of development may result in retention of larval characteristics into adulthood, seen in some salamanders (paedomorphosis)

C. Adaptive radiation is the diversification of an ancestral species into many species

1. Adaptive zones are ecological niches that are not filled by ancestral organisms and may be filled by adaptive radiation

a) The honeycreepers (birds) of the Hawaiian Islands are an excellent example

2. Adaptive radiation is more common during periods of major environmental change

a) During the Paleozoic era, there was a tremendous adaptive radiation

b) Mammalian adaptive radiation occurred after the demise of the dinosaurs at the end of the Mesozoic era

Extinction is an important aspect of evolution

3. Extinction is the eventual fate of all species

4. Extinction of some species or groups of species may permit adaptive radiation of other groups

5. Background extinction is the normal, continuous, low-level rate of extinction

6. Mass extinctions occurred at the ends of the geologic eras

a) Mass extinctions may have been due to environmental catastrophes and biological factors

b) We may have entered a current period of mass extinctions due to the action of man

IV. Is microevolution related to speciation and macroevolution?

A. Many biologists believe that microevolutionary processes can account for the origin of species

1. Macroevolution can be explained by microevolution

B. Scientists who support the punctuated equilibrium model suggest that other mechanisms are more significant in the evolution of species

Research and Discussion Topics

· Describe the body of persuasive evidence presented by the gradualists and the punctuated equilibrium supporters.  Which do you find more compelling?  Could the "truth" lie somewhere in between?

· Describe the amplitude of the mass extinctions of the past.  Investigate the extinctions of the Permian Period.  What percentage of species became extinct during this period?  What major groups of organisms became extinct or much less common?  What groups of organisms remained relatively unaffected by these environmental changes?

· Investigate the changes in ploidy level of wheat during domestication.  How have characteristics of the wheat accompanied the changes in ploidy level?  What about other important crop plants like bananas and tobacco?

