CHAPTER 24
THE ORIGIN OF SPECIES

I.
Student misconceptions

1.
Some students may think that while many species are going extinct, no new species are forming. They view speciation as a process from the distant past that can only be inferred from the fossil record and molecular data. 
2.
Students may think that evolutionary change in a genetically isolated population results from a purposeful striving for adaptation to a new environment. Such students mistakenly think that evolutionary change results from a gradual increase in favorable traits in all members of a population. They may fail to realize that individuals with heritable traits that are adaptive in the new environment come to make up an increasing proportion of the population. 
These students think that the evolution of reproductive isolating mechanisms after two isolated populations come into renewed contact results from the purposeful striving of individuals or the population to reduce hybridization. They do not realize that the evolution of these mechanisms results from increased representation in the population of descendents of individuals who had heritable traits that led them to mate assortatively with “their own kind.”

3.
Students find it difficult to understand that complex features can evolve by natural selection. It is important to emphasize that complex biochemical pathways, morphological features, physiological traits, or behaviors can evolve by natural selection but must evolve step by step, with each step conferring a fitness benefit.
II. Pre-test to identify student misconceptions prior to addressing the material covered in Chapter 24

1.
Identify each statement as TRUE or FALSE.

a.
Speciation can be observed only over millions of years. False
b.
Some features (such as the human eye) are too complex to evolve by natural selection. False 
2.
Imagine this scenario. A few birds are blown from the mainland to a remote volcanic island. There is limited vegetation on the island. The few plants have very large seeds. The birds establish a small, viable population on the island. 

Select all correct statements.

a.
The birds will evolve larger bills in order to eat the large seeds.

b.
Birds with large bills will have greater evolutionary fitness than birds with small bills.

c.
The bill size of all birds will gradually increase in the population. 

d.
Alleles for large bills will arise by mutation because of selection for large bills.

e.
Birds with large bills will come to make up a larger percentage of the population.

For Questions 3–6, consider two populations of birds: the original one on the mainland and the small population on the volcanic island. Consider each species concept in turn: biological species concept, morphological species concept, ecological species concept, and phylogenetic species concept.

3.
Which information is most relevant to the biological species concept?

a.
The physical appearance of the birds in the two population

b.
The percentage of viable, fertile hybrid offspring formed if the two populations encounter each other

c.
The degree of genetic difference between the two populations

d.
The range of foods eaten by members of the two populations

4.
Which information is most relevant to the morphological species concept?

a.
The physical appearance of the birds in the two population

b.
The percentage of viable, fertile hybrid offspring formed if the two populations encounter each other

c.
The degree of genetic difference between the two populations

d.
The range of foods eaten by members of the two populations

5.
Which information is most relevant to the ecological species concept?

a.
The physical appearance of the birds in the two population

b.
The percentage of hybrid offspring formed if the two populations encounter each other

c.
The degree of genetic difference between the two populations

d.
The range of foods eaten by members of the two populations

6.
Which information is most relevant to the phylogenetic species concept?

a.
The physical appearance of the birds in the two population

b.
The percentage of hybrid offspring formed if the two populations encounter each other

c.
The degree of genetic difference between the two populations

d.
The range of foods eaten by members of the two populations

III.
How can instructors address and correct the misconceptions that students have about the origin of species?

1.
Few students realize that there are many well-studied cases of recent or ongoing speciation events. Classroom discussion of these cases can be an excellent way to engage students and teach them about speciation and its mechanisms. If possible, use examples of speciation involving species that are familiar and local. A large number of observed cases of speciation are described on The Talk.Origins Archive (Boxton, 1995). SUNY–Buffalo sponsors a website that provides teaching cases for science instructors. Each case includes a story for students and full teaching notes for instructors. Speciation cases include As the Worm Turns: Speciation and the Apple Maggot Fly; Si el Norte Fuera el Sur: A Case of Squirrel Monkey Identities; and Something's fishy in Paxton Lake: A case on speciation in sticklebacks (Herreid and Schiller, 2007; Sharp, 2002). 
2.
Students may find the large number of species concepts puzzling. It is important to discuss the strengths and limitations of each species concept. Clarify for students that (a) a particular species concept may or may not be appropriate in considering whether a specific set of populations represent different species, and (b) a specific set of populations may or may not be considered separate species, depending on the species concept that is used.

IV.
Post-test to identify whether students have corrected their misconceptions 

Paxton Lake in British Columbia, Canada, has two different types of stickleback fishes: benthics and limnetics. Benthics are stout-bodied fish with wide mouths that feed on invertebrates in the mud in the shallow margins of the lake. Limnetics are slim-bodied fish with narrow mouths that feed on zooplankton in the center of the lake. 

Researchers working on the sticklebacks have made the following observations.
•
Limnetic and benthic sticklebacks differ in the number of dorsal spines, the number of lateral plates, and the presence of a pelvic girdle.
•
In Paxton Lake, 1–2% of sticklebacks are hybrids.
•
Limnetic and benthic sticklebacks build their nests in the same region on the benthic margin of Paxton Lake. However, benthic males select heavily vegetated areas, whereas limnetic males select bare areas of the lake bottom.
•
Hybrid fish were released in a small lake that lacked a resident stickleback population. Twenty years later, there is a small, healthy population of sticklebacks in the lake. 
•
Limnetic and benthic males differ in courtship behaviors. 

•
When given a choice, male and female benthics and limnetics choose to mate with their own kind.

Consider the information provided in this case study in answering the questions below. 

1.
Does the case study describe sympatric or allopatric speciation? Explain your answer, including a definition of the mode of speciation that you have identified in this case.

2.
Do the benthic and limnetic sticklebacks of Paxton Lake represent separate species:

a.
According to the biological species concept?

b.
According to the morphological species concept?

c.
According to the ecological species concept?

For each species concept, define the species concept, explain what information you used to answer the question, and suggest one piece of additional information that would be relevant in helping you to decide whether the two types of sticklebacks are separate species. 
V.
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