
Chapter 23: The Origin of Species

I. Nature of Species


A. Populations that occur in different areas that may be more or less distinct



1. subspecies or varieties


B. Species Concept



1. sympatric species                 exchange genes, keeps them distinct



2. geographically distinct populations             exchange genes to keep them integrated



3. populations whose members can’t mate or produce fertile offspring – 



4. reproductive isolating mechanisms – prevent                  exchange between species 

II. Barriers to Reproduction


A. Retention of Species Identity 



1. 




: prevent formation of zygotes 



2. 




: prevent functioning and development of zygotes


B. Prezygotic Isolating Mechanisms – prevent formation of gametes



1. 




a. Same area, but different habits and habitats




b. Example: overlapped range of Indian lions and tigers





1) no hybrids, different major habitats




c. Example: California oaks – different major habitats




d. Example: toads – different breeding habitats



2. 




a. Breeding periods at different times




b. pheromones – different compounds or different proportions




c. Example: wild lettuce




d. Example: Rana species



3. 




a. Species specific mating rituals



b. Example: Hawaiian Drosophila, pintails and mallards




c. Hybrids fully fertile



4.




a. General structural differences




b. Specific differences in copulatory organs



c. Example: arthropods




d. Example: bees pollinating various plants



5. 




a. Sperm not attracted to eggs of other species




b. Sperm incapable of penetrating eggs




c. Growth of pollen tubes impeded


C. Postzygotic Isolating Mechanisms



1. 




a. Example: sheep/goat hybrids




b. Example: leopard frogs 



2.




a. Embryo removed from parent




b. Cultured with special growth supplements



3. 



4. 




a. Abnormal development of sex organs



b. Fertility generally lower than normal




c. Example: donkey x horse = mule 


E. Reproductive Isolation: An Overview 



1. Formation of species is a continuous process



2. Partially differentiated populations may



3. Various isolating mechanisms exist to limit 



4. Selective factors may limit success of 



5. Individuals that do not hybridize may be more fit than those that do


F. Problems with Species Concept



1. genetic exchange through hybridization



2. each species has adapted to its own part of the environment



3. strong selection can overwhelm gene flow



4. gene flow can prevent the elimination of less successful alleles



5. isolation does not affect asexual reproduction

III. How species form


A. Selection may reinforce isolating mechanisms


1. Reinforcement – initially incomplete isolating mechanisms are reinforced by 

              until it is complete




a. eastern and central collared fly catchers geographically separated




b. where they hybridize the offspring have              fertility and other colors



2. Reproductive isolation




a. related drosophila species have different 



3. Adaptation and Speciation




a. as species adapt, they accumulate 




b. selection may act on mating behavior





1) Anolis lizard “dewlap”





2) light colors reflect light in a            forest, dark colors are better in 





3) if dewlap can’t be seen, they don’t attract mates and species 


B. Geography of Speciation



1. identical species diverge and reproductive isolation maintains the division



2. more likely in geographically isolated or 



3. Alllopatric speciation




a. geographically separated populations are more likely to evolve differences leading

                    to 





1) island populations are very different from                         populations



4. Sympatric speciation




a. polyploidy common in plant causes 





1) autoploidy – all chromosomes from a                  species due to a meiosis error






a) called tetraploids and can self fertilize or cross with other 




b. allopolyploidy – may occur when            species hybridize





1) usually (but not always) infertile and can reproduce 




c. many plants and some animals have a polyploidy event in their history 





1) bread, wheat, cotton, 





2) insects and salamanders




d. sympatric speciation by                    selection
IV. Clusters of Species Reflect Rapid Evolution


A. Ocean island adaptive radiation –few species, many 


B. Character displacement – minimizing competition for resources with 


C. Darwin's Finches 



1. fourteen species inhabit Galapagos and Coco Islands



2. Islands have distinct variety in ecology



3. Limited competition from other bird species



4. Descendants occupy different kinds of 

 



5. New arrivals filled 



6. Selective pressures diversified populations



7. Resulted in three primary groups of finches




a. 


: six species 





1) Feed on seeds 





2) Bill size related to seed size




b.


: six species





1) Four feed on insects, related to bill size





2) One feeds on buds and fruit





3) One uses twigs to probe like a woodpecker




c. 


: one species





1) insect eaters




d. vegetarians





1) heavy bill, bud eaters



8. Ancestor to all resembled blue-black grassquit 


D.



1. Species selective for host plants and plant parts



2. Older species invade new islands, 



3. Over 800 individual species evolved from single ancestor 



4. Morphological and behavioral differences between species


E. Lake Victoria Cichlids



1. evolved 



2. ecologically and morphologically 




a. mudbiters, algae, scrapers, leaf chewers, snail crushers, zooplankton eaters, 

                    prawn eaters, fish eaters, pedophages (                                    )




b. two sets of jaws, second for                 movement




c. many varieties (             %) have disappeared due to


F. New Zealand Alpine Buttercups



1. Illustrates the role of periodic 




a. caused by the recession of 




b.14 species with 5 distinct habitats





1)snow fields, snowline fringe, stony debris, sheltered, boggy



    2. speciation and diversification have been promoted by repeated cycles of glacial 

              advance and retreat


G. Pace of Evolution



1. original thought was 




a. slow changes that would accumulate




b. major changes would result



2. punctuated equilibrium –                   – long periods of stability (stasis) followed by 

              bursts of                                     in short geological time periods




a. argued that rapid change occurred only during speciation process



b. lack of change due to climate stability or oscillation





1) species may shift                    as needed



3. evidence exists for gradualism and punctuated periods



4. speciation                occur without phenotypic change and phenotypic change can occur 

              within species without 


H. Speciation and Extinction through Time



1. speciation has outpaced 



2.            major mass extinctions have occurred



3. perhaps a                         caused sixth is in progress

I. Future of Evolution



1. human induced or accelerated environmental changes are changing the patterns of 



2. decreased populations increase 



3. chemicals and radiation could increase 



4. global decrease of human differences due to 



5. fatal genetic conditions are not removed from the population due to successful 


