
# Sample script for BIOL 315/415 Lab 6 

# Created by Angela Brandt on 11-Feb-2013 

# Case Western Reserve University 

 

## In today's lab, we'll use the Hastings vegetation data from unmanipulated plots and 

 # the soils data we looked at in Lab 2 

 

# You'll need to install the following R packages and load them using the library command 

library(vegan) 

library(labdsv) 

library(picante) 

 

## First, we're going to use a multivariate technique (Principal Components Analysis) to obtain 

 # comprehensive predictor variables for the effect of soil properties on species richness 

 

# Read in the file California-soils-data-Dec2009.csv; I've called it soildata 

  # Recall that the reliability of the tests for phosphorus depend on soil pH; 

  # look back at your script from Lab 2 to remove unreliable phosphorus values from your 

  # data frame 

  # Create a new column for phosphorus called P that has the maximum value of phosphorus 

  # measured for each plot (this way we have a value for every plot)  

  phosphorus <- soildata[c("P1", "P2")] 

  soildata$P <- apply(phosphorus, 1, max, na.rm = T) 

    # You can use the head or tail command to check that this new column is accurate      

  # Subset your data frame to only contain plots from Hastings (i.e. plots 1-75); 

  # I've called it soils.Hast 

 

# The analysis requires a matrix of plot numbers by the soil properties we want to include 

# (I've listed the nutrient-related variables below) 

row.names(soils.Hast) <- soils.Hast$plot 

  # We can reassign the row labels in the data frame to correspond to plot numbers; 

  # use the head or tail command to check that this worked 

soilmatrix <- soils.Hast[c("org.rating", "org.ENR", "K", "Mg", "Ca", "pH", "CEC", "NO3", "S", 

"NH4", "C.N", "P")] 

  soilmatrix 

  # The matrix is relatively small so you can look at the entire thing to see what it looks like 

 

# Because each of these soil variables is measured on a different scale, it's a good idea 

# to transform them so their variation from plot to plot is all that we're examining 

soilmatrix.centered <- scale(soilmatrix, center = TRUE, scale = TRUE) 

  # Setting center = TRUE will subtract each value in a column from the mean of that column; 

  # setting scale = TRUE then divides the centered columns by their standard deviation 

  # Now our soils data is in units of standard deviation 

  soilmatrix.centered 

    # If you look at the new matrix, the mean ("center") and standard deviation ("scale") 

    # for each column are listed at the bottom 

 

# Run a Principal Components Analysis (PCA) to condense your 12 variables into fewer 

# dimensions that account for most of the variance in soil properties among the plots 

 

pca1 <- pca(soilmatrix.centered, dim = 10) 

  # We'll use 10 dimensions just as a nice round number 

summary(pca1, dim = 10) 

  # This output shows you how much of the variance in soil characteristics is accounted for 

  # by each Component in the analysis 

# How much of the variation is accounted for in the first Component (look at the Proportion 

# of Variance row)? In the second Component? 

# How many Components do you think will be useful to include as predictors in future analyses 

# on species richness? 

 

# Determine which variables are contributing to these Components (or axes), 

# and in which direction 

loadings.pca(pca1, dim = _) 

  # Replace the underscore with the number of axes you plan to use as predictors 

 

# Create a data frame of the values for each plot along the PCA axes; 

# this will be your predictor variable for species richness 

pca.scores <- as.data.frame(scores.pca(pca1, dim = _)) 

  # Again, replace the underscore with the number of axes you plan to use as predictors 

  # Add a column for plot numbers that you can use to merge with your richness data frame 

  pca.scores$plot <- row.names(pca.scores) 

 

# Produce a data frame of native and nonnative species richness in the Hastings plots in 2010; 

# I've called it richness2010 

  # Merge the pca.scores data frame with your richness data frame 



   

# Use a multiple regression to determine if native species richness is related to soil 

# characteristics 

  # Be sure to check whether data transformations are needed and whether the assumptions 

  # for the analysis are met 

model1 <- lm(richness.plot ~ PC1 * PC2, data = richness2010, subset = native==TRUE) 

  # If you want to use more than the first two PCA axes as predictors, include them in the model 

anova(model1) 

  # Use the ANOVA table output to produce a table for the Results section of your journal 

summary(model1) 

  # Use the summary output to estimate the relationship between each PCA axis and 

  # species richness 

   

 

## Second, we'll use a different multivariate technique (Nonmetric Multi-dimensional Scaling) 

 # to visualize the relationship between soil characteristics and plant community composition 

 # in the plots 

 

# Read in the data file Hastings-vegetation-data-2010.csv; I've called it hastings2010 

  # Make a column called TAXA that has the genus and specific epithet for each species 

  # observed in each plot (you did this before in Lab 1) 

 

# We have to produce a matrix of plots by species to use in the ordination; luckily, 

# there's an easy command in the picante library to do this for us 

cover2010 <- hastings2010[c("PLOT", "COVER", "TAXA")] 

matrix2010 <- sample2matrix(cover2010) 

 

# We can ordinate the matrix of plots by species & graph the results to see which plots 

# are most similar to each other and which are most different 

nms1 <- metaMDS(matrix2010, trace = FALSE) 

  # The metaMDS command automatically calculates a distance matrix to ordinate; 

  # the Bray-Curtis index ("bray") is the default distance metric and here is synonymous 

  # with the Sorensen Index that I described in class 

  nms1 

    # We can look at the output to confirm that the command used the Bray-Curtis distance 

    # metric; more information about this procedure is on pgs 4-5 in the VEGAN tutorial 

ordiplot(nms1, type = "text", display = "sites", xlab = "NMS Axis 1", ylab = "NMS Axis 2") 

  # type = "text" graphs the plot numbers instead of points; 

  # display = "sites" graphs only the plots, but you could plot the species as well or instead 

  # Notice that the plots within the same block at the reserve are grouping together somewhat 

  # (i.e. they are generally more similar to each other than to plots in the other blocks) 

  # The metaMDS command set up the ordination so the greatest variation is on the first axis 

   

# We can also see how the soil properties relate to species composition in these plots 

# (see pgs 14-15 in the VEGAN tutorial PDF posted on Blackboard) 

soil.fit <- envfit(nms1, soilmatrix, permu = 999) 

soil.fit 

  # The output shows you which soil properties are significantly correlated with the NMS axes, 

  # and the direction of that relationship to each axis 

 

# Now we can overlay the correlations of soil properties on our ordination plot 

plot(soil.fit, p.max = 0.05) 

  # We can set p.max to the p-value cutoff we're interested in so we only show 

  # significant correlations 

 

 

## In your weekly journal, describe your analyses, results, and interpretation of those results 

  # In the Methods, describe the data you used, including the predictors and responses used 

  # for analyses and how you calculated those variables, and the analyses you conducted 

  # In the Results, describe what you found, including any trends for results that were 

  # statistically significant. Also include: 

    # a table of the correlations between soil properties and the PCA axes you used as 

    # predictors of native species richness, 

    # the ANOVA table from your multiple regression of richness on the PCA axes representing 

    # soil properties, and 

    # your NMS ordination of Hastings plots with the overlay of soil properties significantly 

    # correlated with the NMS axes  

  # In the Discussion, concisely interpret the results and explain the mechanisms that may be 

    # responsible for them. 

    # Was the multiple regression the best type of statistical test to use? 

    # Why do you think certain soil properties were significantly correlated with species 

    # composition and others weren't? 

    # Also be sure to reflect on at least one learning gain from today's lab activity 


