Topic 2:  Using macroinvertebrates to assess spatial variation in water quality in Pipers Creek
Pipers creek suffers from several water quality issues (bacteria contamination, metals, nutrients, and organics) largely because of residential and industrial landuse in its watershed.   During rain events, water can pick up these contaminants and move into Pipers creek, either though movement in soil or through storm water drains.  The upper portion of Pipers Creek is particularly close to these point and non-point sources, while the lower portion is surrounded by protected park lands.  Still, water travels downstream so lower portions of Piper Creek may still be impacted.
We often use information on macroinvertebrate communities to evaluate the "biotic integrity" of streams because many taxa are particularly sensitive to pollution.  Because they live for long periods of time (a year or more), evaluation of these communities provides a measure of diminished water quality that might be more sensitive than directly measuring water quality itself (which may vary on a daily or seasonal basis).  On the other hand, these species may be more sensitive to local habitats (i.e. water flow, substrate, depth) so that differences between upstream and downstream sites might be small compared to differences between habitat types.
Here, you'll ask whether the densities of macroinvertebrate species differ between upper and lower reaches of Piper Creek, while also evaluating how these densities vary by habitat types (pools and riffles).  You seek to know whether the differences in the invertebrate communities might be indicative of varying degrees of ecological stress due to contaminants.
Helpful literature keywords: index of biotic integrity; stream macroinvertebrates; water quality indicators;  benthic invertebrates; stream habitat; 
Items in bold indicate required figures or tables for your paper.  

(1) Graphically compare the mean numerical densities (# / m2)  of macroinvertebrates by habitat types.  The data are presented as  # / 2 ft2.  There are 0.0929 m2 per square foot so you fill first have to transform the data into the correct units.
a. Create a grouped bar chart that depicts the numerical densities of the four common insect orders by habitat type (pool vs. riffle).  Only plot Ephemeroptera, Odonata, Plectopera and Trichoptera. Your plot should have a figure legend indicating which bars denote pools and riffles.  
b. Create a grouped bar chart that depicts the numerical densities of the other common taxa by habitat type (pool vs. riffle); Amphipoda, Nematoda, and Annelida . Your plot should have a figure legend indicating which bars denote pools and riffles.  

(2) Graphically compare the mean numerical densities of macroinvertebrates between upper and lower parts of Pipers Creek
a. Create a grouped bar chart that depicts the numerical densities of the four common insect orders by region (Upper vs.Lower).  Only plot Ephemeroptera, Odonata, Plectopera and Trichoptera. Your plot should have a figure legend indicating which bars denote Upper and Lower reaches.  

b. Create a grouped bar chart that depicts the numerical densities of other common invertebrate taxa by region (Upper vs.Lower): plot Amphipoda, Nemapoda and Annelida. Your plot should have a figure legend indicating which bars denote Upper and Lower reaches.  

(3) Statistically test for differences in the mean numerical density between pools and riffles for the seven taxonomic groups plotted in part (2).
a. Perform statistical analysis

i. In excel, create a table that lists the taxonomic group names in one column and the mean and SD of the numerical densities in riffle and pool reaches in the subsequent columns

ii. Create a new column that calculates the difference in mean transformed densities

iii. Create a column that calculates the pooled standard deviation, using the formula:
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where ns and nd are the number of samples at riffle and pool sites, and ss and sd are the sample standard deviations from the riffle and pool sites, respectively.

iv. Create a column that calculates the t statistic:
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v. Create a column that calculates the p-value from that statistic, using the tdist() command in excel.  Always do a “two-sided” test.

b. Create a table that summarizes the results

i. Table should list taxonomic group name in one column, the difference in mean densities in the second column, the t-statistic in the third column and the p-value in the fourth column. Round all values to the nearest 0.01.
(4) Statistically test for differences in numerical densities between sites in upper and lower regions of Pipers Creek

a. Follow the same procedures as described above, to perform t-tests comparing mean densities in upper and lower regions of Pipers Creek.
b. Create a table that summarizes the results 
i. Follow the same format as in part 3b above.
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