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Going to the Dogs

Exploring allometry & heterochrony

Please note that the original concept for this activity was developed by Jonathan Marcot and John Flynn.

Purpose
This activity explores the relationship between developmental biology and macroevolution by focusing on how evolutionary changes in ontogeny can produce small-scale (within species) and large-scale (between species or major lineages) evolution of morphology.

Part A

Figure 1 presents a series of images of the skull of an ancestral wolf throughout its ontogeny, from newborn to mature adult. 

1. Measure the following two linear dimensions of each skull in the ancestral wolf illustrations with a ruler

· Total Skull Length (TSL): this is simply the distance from the tip of the snout (excluding the teeth) to the back of the cranium

· Maximum Braincase Width (MBW): this is the greatest distance you can find between the right and left sides of the cranium (brain case). Do not include the zygomatic arch in your measurement. 

2. Plot TSL on the y-axis against MBW on the x-axis on the regular graph paper

3. As the wolf ancestor grows in size, does the overall shape of the skull change, and if so, how?

4. Would you consider the growth isometric or allometric (positive or negative)? 
5. Plot TSL on the y-axis against MBW on the x-axis of the log-log graph paper.
6. Analyze the shape of the curve (is it a fairly straight line, broken line, or curve?) and calculate the slope (scaling exponent) if appropriate.

Part B

The domestic dog is believed to have evolved from a wolf-like ancestor by some combination of natural and artificial (breeding by humans) selection. Modern dogs differ from wolves not only in appearance, but also in adult behavior and age at reproductive maturity (6-12 months for dogs, 2 years for wolves). Modern domesticated dogs show a remarkable variety of head shapes, yet the heads of adult wolves are relatively uniform in appearance. Although breeding by humans has placed upon dogs a type of selection that is not natural (i.e., not that found under natural environmental conditions through time), dog morphology has evolved, and it thus serves to illustrate the potential evolutionary consequences of heterochrony. Artificial selection can lead to very rapid evolution and is therefore a great laboratory for studying evolutionary processes. 

If a descendant’s adult morphology differs from its ancestor’s adult morphology, there must have been some evolutionary change in the developmental trajectory from ancestor to descendant, i.e., there must have been heterochronic evolution. In this exercise, you will try to infer what sorts of heterochronic changes might have produced the skull shapes of several breeds of dog that differ markedly from the ancestral, wolflike phenotype whose ontogeny you have already characterized mathematically and graphically. 

1. With calipers, measure the same two parameters on the 3 adult dog skulls provided.

2. Plot the data for the dog skulls on the same two graphs as the wolf data. 

3. Discuss (with the rest of your group) and describe (in detail) what heterochronic processes could be responsible for the differences between ancestral and descendent morphology in the wolf versus dog species.
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