STA242/ENV255 Sample Writeup


Introduction:  As part of a larger study of the effects of acid rain on species abundance (Halliwell, 1986), average pH and the number of fish species were measured for fifteen tributaries of the Millers River in north-central Massachusetts in Summer 1983. Of interest is whether there is a positive relationship between species abundance and average pH levels.  No information is available about sampling locations, collection methods, or the number of samples used to calculate average pH values.  

Exploratory Analysis of Data:  The median and mean values of average pH are roughly 5.7, with standard deviation 0.55.  The number of species ranges from 0 to 9, with mean and median roughly equal to 4 and standard deviation 2.50 (Table 1).  A scatterplot gives weak evidence that species number increases with incresing average pH values.  Across average pH values there is large variability in the number of species (Fig. 1), and the Wilder and Templeton streams, with the lowest average pH and zero species, appear to affect the appearance of a positive relationship.

Statistical Analysis:  It is assumed that values of average pH and species number are independent across streams.  Given average pH, it is assumed that species number has a normal distribution with mean a linear function of average pH.  Constant variance in species number is assumed across all values of average pH.  Values of species number were regressed on values of average pH (Fig. 1,2).  There appears to be a positive linear relationship between species number and average pH  (one-sided p<0.0001 for test that slope ( 0).  A single unit increase in average pH is associated with an increase of about 4 fish species (est. slope = 3.55; 95% CI:(2.38,4.72)). Interpretation of the regression intercept (species number at 0 pH) is not pursued here.  The regression model explains roughly 77% of the total variation in species number.  A future observation of the number of species at an average pH of 6 is predicted to be roughly 6 (pred.=5.58, 90% pred. int. (3.36,7.80)).  The distribution of residuals has longer tails than the normal distribution (Fig. 3).  A plot of residuals versus fitted values indicates non-constant variance, yet this finding is driven in large part by the Wilder and Templeton streams (Fig. 4).  These diagnostic findings indicate departures from assumptions, but these issues will not be considered serious due to small sample size.  More importantly, this analysis is extremely sensitive to the inclusion of the Wilder and Templeton streams.  A separate regression run without these streams does not indicate a positive relationship between species number and average pH (p = 0.13 for test that slope < 0; 95% CI for slope:(-1.02,5.12)).  

Scope of Inference:  Results from this observational study are limited to the tributaries selected, and no causal inferences can be made between average pH and species number.  The finding of a positive association between species number and average pH is contingent upon the inclusion of the Wilder and Templeton streams.  Since average, rather than individual, pH values were used, the results of this study could be overstated (biased).  The analysis rests on the assumption that measurements from the streams are independent, which may not be tenable given their spatial proximity.  Information about sample size and variance of average pH values would be useful in fully characterizing model error.  
Table 1.  Summary statistics for tributary data
                                                                          Average  pH          Number of species
1st Quartile                5.55                       3.00

Median                       5.70                       4.00

Mean                          5.73                       4.13

3rd Quartile                6.20                       5.50

Standard Deviation     0.55                       2.50


Figure 1.  Scatterplot of number of species versus average pH, linear regression line superimposed
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Figure 2.  Results for the regression of the number of species on average pH

Estimated mean number of species =

                     -15.748  +  3.555*(average pH)

                      (3.084)     (0.540)

Estimated SD of number of species = 

                                                   1.204 (13 d.f.)

R2 =  0.766



Figure 3.  Normal probability plot of residuals 
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Figure 4.   Residuals versus fitted values.  
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