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Context 

Undergraduate paleontology course

Students with a basic background in major dinosaur groups and the common experience of getting “information” from the movies.

Goals: 

understand the importance of context in understanding paleontologic data, in this case, the importance of the data on living animals.

Paleoecologic interpretation of vertebrate function.

Student analysis using real data.

See levels of uncertainty in real data; fitting lines by eye to noisy data.

Description

Students investigate the intelligence of dinosaurs by comparing the relative size of brain and body mass to living animals.  Students plot the living animals to determine a general relationship of brain and body mass and then use that relation to interpret a range of dinosaurs.  The activity gives students practice in graphical data comparison and other methods of data analysis.  Students also investigate how well this method works and what weaknesses it might have.
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If we take our cue from the Jurassic Park movies, we might conclude dinosaurs are so intelligent that college students (or humans in general) could not outwit them on national television.  Is this a reasonable conclusion?

We can’t have dinosaurs take IQ tests, but can you think of an approach to the question?

Some scientists have thought you can by studying brain size or mass.  The idea is that smarter animals have larger brains.  In this lab, you will investigate this.  What would you want to know to do this?

We will start by comparing living animals to have context for dinosaurs.  

This lab uses logarithms, because they have a number of useful properties for this analysis: 

1) differences of orders of magnitude are the same (e.g., from 5 to 10 is the same distance as from 50 to 100); 

2) very different values fit conveniently on one graph so that a mole and a whale can be graphed together; and 

3) turns exponents into straight line (e.g., y = x2 becomes a straight line with slope 2)

An obvious limitation to brain size analysis: you have to account for the size of the animal (an elephant has a larger brain than a wolf, but it is also much larger). 

In Table 1 are listed body mass (g) and brain mass (g) for a number of living animals (used by Jerison 1973 and originally derived from Crile and Quiring 1940).

Plot brain mass in grams on the y-axis and body mass in grams on the x-axis of Figure 1.  Figure 1 has axes measured in logarithms on each axis.  



What is the relation between body and brain mass?

Is it easy to determine which animals are more intelligent? If so, how?

Draw a best-fit straight line to the data points (this obviously can’t go through all the point and needn’t go through any of them).

What is the slope of this line?
  Is it greater or less than one?

What simple fraction (denominator 2-9) does this approximate?

Jerison (1973) and Hopson (1977) concluded that the general relation of brain and body mass is


Brain mass = c (body mass)2/3
where c is a constant that depends on the kind of animal (Jerison separated fish and amphibians from reptiles and mammals, at least initially).

Steve Gould (1977, p. 182) was apparently the first to point out that the ratio of surface area to volume in animals scales to the 2/3 power, that is, volume of sphere = 4/3 π r3 while its surface area = 4 π r2).

This suggests that nerve endings (and ultimately brain connections) must contact the body surface, so that (all else being equal) the brain must scale at two-thirds the body volume so there are enough nerve endings to reach all surface points.

The application to intelligence is as follows:

Animals with larger brains than you would expect for their body mass are more intelligent.
Suppose two animals are equally intelligent.

We would expect

(Brain mass)/(Body mass)2/3           to be the same for each

Let’s assume r is this ratio



(Brain mass)/(Body mass)2/3 = r



or



Log (brain mass) - 2/3 log (body mass) = log (r)



Log (brain mass) = 2/3 log (body mass) + log (r)

Thus, on your graph, two equally intelligent animals would lie on a line with slope of 2/3.

Alternatively, a more intelligent animal would be above (“northwest”) of a line with 2/3 slope going through the less intelligent one.

Is it easy to imagine lines with 2/3 slope going through each point to compare to all the other points?

We could choose one animal as a base (say, the mole), draw a line with slope of 2/3, and estimate the vertical distance above or below the line for the others. Does this seem easy?

It turns out humans are not very good at this sort of estimation even if you draw the actual line.  For that reason, we won’t bother to plot the dinosaurs in Table 2 on our graph.

Cleveland (1985) suggests a better approach: Graph each animal against log r, that is, against 


log (brain mass) – 2/3 log (body mass). The higher the value, the greater the intelligence. 

This will make the comparison easy and it is what you will do:

Determine the logarithm (base 10) of the brain and body mass of the animals in Table 2. (Include at least two digits to the right of the decimal point when taking the log.) 
Then calculate:




Log (brain mass) – 2/3 log (body mass)

in the appropriate column.  

Note that this table includes dinosaurs (data from Jerison 1973 and Hopson 1980).  Then plot the value by animal on Figure 2.

Which animal has the highest value and thus the highest implied intelligence?

For living animals, would you guess the intelligence order is reasonable?  Do major groups of animals occur together?  How are major groups separated?  Does this system work equally well for all animals?

Where does the highest dinosaur occur?

The other dinosaurs? What conclusions can you draw from where dinosaurs plot?

Based on this analysis, do you need to be concerned that dinosaurs, if enrolled via time machine, would embarrass you on a television show?  What should we conclude about this aspect of Jurassic Park?

What weaknesses do you see in this approach?
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� The easiest way to do this is to find two spots over more than one log cycle (power of 10) where the line intersects graph paper lines. Then measure the distance (in cm) along the x-axis (run) and the y-axis (rise).  The slope is then y-distance/x-distance.





�S2007: up to calculating log brain - 2/3 log body took about 75 minutes





See end of file for list of figures and tables.





Log-log paper (spliced to have enough cycles) is in Dinosaur Intelligence lab folder. Original paper probably csun 4-cycle_log-log.pdf.





Hand out page 1 in advance.





Tables 0-2 are in Brains and Mass comparison 2.xls in the Dinosaur Lab subdirectory on C:





Table 0 could be used for initial discussion: is it easy to look at these data and determine any relation of brain and body mass?





�Logarithms alter the spacing of numbers with a number of (potentially) useful attributes: 1) differences of orders of magnitude are the same (e.g., from 5 to 10 is the same distance as from 50 to 100); 2) it allows very different values to fit conveniently on one graph so that a mole and a whale can be graphed together; 3) it turns exponents into straight line (e.g., y = x2 becomes a straight line with slope 2); and 4) it can make almost anything a straight line (this is the “potentially” part).


�For example, aquatic animals have weight borne by water.  Does this seem to affect their brain/body ratio?
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