Homework 3

Biogeography, Spring 2014
Due Wednesday, March 5, 2014
Your name: ___________________________________________________

For this homework, please email me an electronic version of this document as well as two files from the last question (see below).

Answer the following questions in a different font (like this) to help me find your answers. You may work in a group, but your answers and your words must be your own.

1.  Class project.  Select a topic for your class project and provide information below.

a.  Title (be descriptive!) (1 out of 100 project points)

b.  Describe your project in a paragraph.  What organism, class of organize, process, etc., will you study?  What methods will you use?  Why did you pick this project?  (4 out of 100 project points)

2.  Self-guided field trip.  Read Daubenmire 1980 (sent to you from me via email), then walk at Idler’s Rest on Moscow Mountain (end of Mountain View Drive; see http://www.palouselandtrust.org/idlers-rest-nature.php).  If you need transportation, let me know and I’ll coordinate rides or otherwise help. Two tree species dominate different parts of the landscape here:  ponderosa pine (Pinus ponderosa) and western red-cedar (Thuja plicata).  Walk a short loop (1/2 mile):  begin at the parking loop and head uphill (northwest) on the trail through pine stands, bending right/north; cross the paved road, walk just past the driveway on the left, and continue on the trail to the right down toward the creek through red-cedar stands; finish at the parking lot.

a. Describe general differences in the understory vegetation between the two forests (ponderosa and red-cedar).  What causes these differences?  (10 points)

b. From your perspective as an animal, describe each of the different forests in terms of important habitat characteristics. (10 points)

c. Red-cedars typically occur high up on Moscow Mountain.  Why does red-cedar occur here, at the lower elevations at Idler’s Rest?  Name three factors discussed in Daubenmire (1980). (8 points)

3.  Location comparisons


Remind me of your hometown __________________ and Location #2 __________________.

a.   For one set of animal or plant species in each of your locations, describe a biological interaction discussed in Chapter 4 between two or more species that limits the distribution of a species.  Include two of the following interactions:  stenophagy, competition, or symbiosis (any type).  You might consult http://worldwildlife.org/science/wildfinder for suggestions about plant and animal species in your locations.  Cite your sources. (4 points)
i.  Hometown

ii.  Location #2

b.  Natural disturbances. Cite your sources.   

ii. List two natural disturbances that occur in each of your locations.  (4 points)

Hometown

Location #2

iii.  For one disturbance per location, describe an adaptation of a plant or animal to that disturbance at that location. (4 points)

Hometown

Location #2

4.  Species distribution modeling.  You will download, run, and analyze a species distribution model called “MaxEnt” (maximum entropy).  For this homework, you will get the software working and run it with supplied input data.  
The instructions below are for Windows computers.  If you have a Mac, you need to open X or otherwise start Java with the maxent script; see me.

4.1 Download, install, and run the tutorial supplied with MaxEnt.

a) Download and unzip MaxEnt version 3.3.k from http://www.cs.princeton.edu/~schapire/maxent (supply your information as requested).  The model is coded in Java and can be run on UI computer lab PCs.  There may be various ways of unzipping a file; one is to double-click on the zip file, then “extract” to a folder.
b) Download and unzip the tutorial zip file.  IMPORTANT:  unzip or move these files to the same folder as where MaxEnt is (from step above).
c) From Windows Explorer, double-click on batchExample.bat file.  This should open up a MaxEnt window, automatically process the files, and close the window when it is finished (ignore the warning in the DOS command window about “Could not open/create prefs root…”).  You should now have files in the outputs folder.  Open that folder, then open the bradypus_variegatus.html file (with the Explorer icon).  This species is the brown-throated sloth (Bradypus variegatus).  

4.2  Understand, interpret and analyze the model and its output.
i. To begin, species distribution modelers collect (perhaps themselves) and/or assemble (perhaps from other studies, museum, etc.) species locations (presences or observations).  Here, we will use observations provided by the tutorial.  Species names (in this case, only one) and observed locations of that species (longitude, latitude) are taken from samples\bradypus.csv.  Open this file.  
4.a  How many sloth observations were used in this run to build this species distribution model (don’t forget to account for the header line!)? (2 points)
ii. For each of these locations, MaxEnt finds the value of each environmental layer specified.  These layers form the set of explanatory variables (also known as independent variables) that will be used to develop the model and predict the distribution.  Layers are defined in the layers folder.  Layer names are not documented, but some are described in the tutorial document.  These layers are in ArcGIS ASCII grid format, and consist of grids (rasters) of each variable.  MaxEnt uses the lat/lon from each observation (above step) to pick out the value of each environmental variable.

4.b  How many explanatory variables (layers) are available to MaxEnt in the layers folder (ignore the maxent.cache folder)? (2 points)
The result of coupling observations and explanatory variables via spatial locations (coordinates) is a matrix in which the rows are observations and the columns are values of each explanatory (environmental) variable at those locations.  As an alternative, a MaxEnt user can supply his/her own matrix to MaxEnt and skip the above step of linking gridded explanatory variables to observation locations.  bradypus_swd.csv in the swd folder is an example.  [Note that then a user also has to supply a set of “background points” that MaxEnt uses for testing (this is the other file in that folder).] 
4.c  Open bradypus_swd.csv; find the sloth observation point that is -49.5º longitude, -1º latitude.  What is the annual precipitation averaged over 1961-1990 (“pre6190_ann”) (units are cm)? (2 points)
iii. MaxEnt then builds a model based on this matrix.  You can think of this model as analogous to an ordinary least squares regression model that finds a line that best fits a set of x, y data, and whose equation is y = mx + b.  In the regression model, y is the dependent variable, x is the independent (explanatory) variable used to predict y, and m and b are parameters of the regression model that are determined by the least squares method.  In MaxEnt, 
· the observations (presence of sloth) is the dependent variable;

· the environmental layers (like precipitation) are the independent (explanatory) variables; 
· there can be more than one explanatory variable (unlike the regression model above that has only one explanatory variable); 
· the relationship between the explanatory variable and the response variable can be nonlinear (unlike the regression model above); 
· and the model parameters and the method to compute them are complex.

iv. Now that the model is built, we can study the model to learn which variables are important for explaining this species distribution and how each variable affects the distribution.  Regarding variable importance:  often the controls on a species’ distribution are not known, and so more variables are included in a model than actually control the distribution.  Two methods are available to assess which variables are important and which variables are not needed.  Within a set of variables, MaxEnt reports which variables contribute the most to explaining a distribution; this is in the html output file under “Analysis of variable contributions”.  Inspect this table, and based on the “percent contribution” column, answer the following questions:

4.d  Which variable is most important? (2 points)
4.e  Which other variables contribute more than 10% to the distribution of three-toed sloth (these could be identified as also important in explaining the distribution of the species)? (2 points)
A second method that is useful assesses variable important by rerunning the model with only one explanatory variable at a time, then compares models.  You will need to rerun MaxEnt to do this, this time by specifying inputs yourself:

a) Open a MaxEnt window by double-clicking on maxent.bat.

b) For “Samples”, select bradypus.csv in the samples folder.

c) For “Environmental layers”, select the layers folder itself (not the files in that folder), deselect all layers, then select only the following layers:  cld6190_ann (mean annual cloudiness for 1961-1990), h_dem (elevation), pre6190_ann (mean annual precipitation for 1961-1990), tmn6190_ann (mean annual minimum temperature for 1961-1990), and vap6190_ann (mean annual water vapor for 1961-1990).

d) Check the “Create response curves” box (for a question below) and the “Do jackknife to measure variable importance” box.

e) Specify a new output folder (create this first in Explorer) for the “Output directory”. 

f) Leave all other inputs as their defaults.

g) Select “Run”.

The jackknife procedure builds one model per variable, and because the model takes some time to run, you are only considering five explanatory variables, not the full range.  Ideally, you would run this jackknife procedure with all potential explanatory variables.

Under the “Analysis of variable contributions” section of the resulting output html file, there is a color bar chart (which was not in the default output file).  Focus on the dark blue bars, which indicate the amount of variance explained by each variable when that variable is the only one in a model.  

4.f Which variable has the highest contribution (is most important) (“regularized training gain”)? (1 point)
4.g Which has the lowest contribution? (1 point)
v. A second use of the model to increase the scientific understanding of the controls on a species’ distribution is to examine the modeled relationship between each explanatory variable and the probability of observing that species.  In the output html file from the step above, go to the section called “Response curves”.  There are two sets of five plots each; focus on the top set.  Each of these five plots is associated with one of the explanatory variables (along the x axis); the y axis is the probability of observing sloths.  Ignore the small wiggles in the curves and focus on the general patterns.  
4.h What is the relationship between the most important variable, mean annual precipitation (pre6190_ann; units are cm), and the probability of observation? Does the probability go up as precipitation increases, go down, remain flat?  Is there any evidence of broad nonlinear patterns?  (4 points)
4.i What is the relationship between another important variable, mean annual minimum temperature (tmn6190_ann; units are degrees C times 10 (i.e., range is -11 to 22 deg C)), and the probability of observation? (4 points)
vi. A person developing species distribution models should at this point compare the understanding gained from the model with any available information about the species of interest.  

4.j Read the Wikipedia page on this species (http://en.wikipedia.org/wiki/Brown-throated_three-toed_sloth; include hyphen in name) and consider the maps of temperature and precipitation in Chapter 2 of the MacDonald text.  Is there consistency among climate, ecological understanding of this sloth, and the model results?  How so? (4 points)
vii. A user can then apply (“project” in the MaxEnt tutorial document) this model using other values of the explanatory (environmental) variables to predict the probability of a sloth being observed given the values of these explanatory variables.  Usually this step involves specifying grids (rasters, or maps) of explanatory variables (the same as used to build the model), which results in a map of the probability.  The output html file has provided a map that predicts the probability of observation of a sloth for the full range of the layer grids, which is Central and South America.
4.k Where does the model predict the highest probability of observing a sloth?  The lowest? (2 points)
4.l How well does this predicted map you just produced match the distribution map shown on the Wikipedia page (generally)? (2 points)
4.m Are there any areas where the model predicts a high probability but the range map suggests the sloth is absent? (2 points) 

4.n Any areas where the model predicts a low probability but the range maps suggests the sloth is present? (2 points)
Please email me a copy of your homework (this document) as well as the two output html files from this question.
