[bookmark: _GoBack]The problems below were taken from the (highly recommended) book, The Analysis of Biological Data, by Michael Whitlock and Dolph Schluter.


1.  Many humans like caffeine, but it occurs in plants as a deterrent to herbivory by animals.  Caffeine is also found in flower nectar, and nectar is meant as a reward for pollinators, not a deterrent.  Singaravelan et al. (2005) set up feeding stations where bees were offered a choice between a control solution with 20% sucrose or a caffeinated solution with 20% sucrose plus some quantity of caffeine.  Over the course of the experiment, four different concentrations of caffeine were provided:  50, 100, 150 and 200ppm.  The response variable was the difference between the amount of nectar consumed from the caffeine feeders and that removed from the control feeders at the same station (in grams).  i.e., positive numbers indicate that the pollinator removed more caffeinated than control nectar, and negative numbers indicate the opposite; larger numbers indicate a larger difference in preference between the control and caffeinated group.

The data are available on RStudio in the file caffeine.csv

1. Load the data into RStudio.  Look at the spreadsheet, to see what the columns are called.  Now, plot the data.  What do you learn from the plot?
2. Analyze the data with an ANOVA.  Do the data meet the assumptions of ANOVA?  If not, note the limitations of your conclusions (we will later learn to deal with violated assumptions).
3. Use a post-doc test (Tukey) to examine differences between groups.
4. What do we conclude from this study?  Base your conclusions on both p-values and 95% CI’s for effect size.








2.  Pea aphids, Acyrthosiphon pisum, can be red or green.  Weirdly, red aphids make carotenoids (red pigments) with genes that jumped from a fungus into the aphid genome some time during recent evolutionary history.  What’s more, some red aphids start out as red and change to green later in life.  Observation suggests that colour changers were infected with a bacterium, Rickettisiella.  To test whether Rickettisiella was the cause of colour change, Tsuchida et al. (2010) experimentally infected the bacterium into a sample of red aphids.  The data for the experiment are in the file aphid.csv on RStudio.  They indicate the colour measurements of genetically identical and bacteria-free aphids that were either uninjected (original), injected with Rickettisiella, or injected but the bacteria failed to establish (uninfected).  Colour was measured as hue angle in degrees:  for these data, small angles indicate red, whereas larger angles indicate green.

1. Load the data into RStudio.  Look at the spreadsheet, to see what the columns are called.  Now, plot the data.  What do you learn from the plot?
2. Analyze the data with an ANOVA.  Do the data meet the assumptions of ANOVA?  If not, remember the limitations of the analysis (we will later learn to deal with violated assumptions).
3. Use a post-doc test (Tukey) to examine pairwise differences between groups.
4. What do we conclude from this study?  As above, base your conclusions on both p-values and 95% CI’s for effect size.



