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Lab Project:

Fundamental vs Realized Niches of Temperate Tree Species along Temperature 
For the lab project, you will divide up into groups and analyze the distribution and performance (growth) of saplings and/or adults of one of common tree species of eastern North America.  The data come from the US Forest Service Forest Inventory and Analysis (FIA) datasets that I have been working with for many years. 

The datasets for Parts 1 and 2 of the Lab Project on the Course Materials webpage contain data for 4 tree species.  Descriptions of each species are in the hyperlinks with the common names:

· Betula alleghaniensis (BEAL, yellow birch) 

· Picea glauca (PIGL, white spruce) 

· Prunus serotina (PRSE, black cherry) 

· Quercus prinus (QUPR, chestnut oak) 
Climate space diagrams I’ve compiled for the 4 species are on the last two pages of this handout.

There are many ways to think about fundamental and realized niches.  I use the terms to think about the mismatch or concordance between the abundance of a species along an environmental gradient (realized niche), and some measure of its potential performance along that gradient (fundamental niche) - typically measured by a demographic response such as growth or survival, and typically after controlling for the effects of competition and other biotic interactions.  I’m typically not particularly concerned with niche theory, per se, but rather use the approach to try to understand the demographic basis for variation in the distribution and abundance of species along environmental gradients.
The basic goal of the project is to develop statistical models for both the distribution (Part 1) and growth (Part 2) of one of the species, using model comparison to test hypotheses embodied in different formulations of the models, and then examine the degree of match between distribution and growth for your species. 

Part 1:  Realized Niches:  Variation in abundance along environmental gradients 

The R code (“Distribution Project Scripts” on the Course Materials page) will get you started.  I recommend that you start with data on the distribution of adults, and you can then decide whether you have time to look at sapling distributions.   
In a previous paper using a more limited dataset, Canham and Thomas (2010) found that there was little if any variation in relative abundance of eastern US tree species, if present, along either temperature or precipitation gradients.  But “presence” (fraction of plots within which a species occurred) varied systematically.  This has a variety of implications for thinking about the mechanisms that give rise to both the range limits of species, and the variation in relative abundance of a species within its range.    With the larger dataset available to you now, does that original conclusion still hold?   If both presence and relative abundance vary along the gradient, what sort of likelihood function might be appropriate if you wanted to combine both the “zeros” (absence) and non-zero relative abundances into a single measure of abundance? 
The Canham and Thomas (2010) paper simultaneously analyzed presence and relative abundance (when present) of a species in a single model.  In retrospect, it’s not obvious that there is a clear benefit to this approach, versus developing separate models for presence and relative abundance when present.   What do you think? The R code has examples of both the combined models and separate models.  How would you choose to do the analysis?  And why?  
That previous work also used simple, symmetric Gaussian distributions for the models, but histograms of presence of species along climate gradients suggest that asymmetric distributions would be a better fit.   Is there evidence to support an asymmetric distribution of abundance along the temperature gradient for your species?  
Part 2: Fundamental Niches:  Variation in growth along environmental gradients 
Canham and Murphy (2016a, 2016b, 2017, pdfs on the Course Materials page) have recently published analyses of seedling recruitment and survival, and sapling and adult growth and mortality for the 50 most common tree species along climate gradients in the eastern US, using FIA data.  Those models include effects of neighborhood competition and other factors such as nitrogen deposition.    Fitting models containing competition terms to such large datasets requires lots of computing power (and time to converge).  In fact, R is painfully slow for such applications, and Lora Murphy typically writes Java code to do the optimization using annealing.  As a compiled language, Java can be several orders of magnitude faster than R (an interpreted language). So, for the purposes of the lab project, we are going to simply focus on the climate responses of growth (omitting competition terms).   How might this alter the conclusions of the analysis?   

But virtually any analysis of plant growth needs to take into account ontogenetic effects of plant size.  This turns out to be not nearly as simple as you might expect, and there is little agreement in the literature on the shapes of the underlying effects of plant size on growth (the Macroecology literature notwithstanding).  We don’t have time to go into the subtleties of why the ontogenetic effects are so important, and the challenges in identifying the appropriate functional form for size effects.  The most common functional forms are either power functions or lognormal functions.  The R code for Part II of the Lab Project gives an example of the latter.  Feel free to do some initial analyses with the data testing alternative forms for the size effect.
While ecophysiology might lead to expectations for the shapes of the functional response of leaf-level carbon gain to variation in temperature, there is no consensus in the literature on how this translates into components of growth at the whole-plant level.  The datasets  contain diameter growth data, along with temperature data and plant size, for all individuals of the selected species present in the ~ 175,000 FIA plots in across the eastern US.   The climate data were compiled from the 800-m resolution PRISM climate dataset for the US, and are mean conditions during the years between the two censuses for which growth was measured.  The goal of the analysis is to fit a regression model to predict diameter growth as a function of plant size and mean annual temperature.  The mechanics are straight-forward application of likelihood.  The challenge is in settling on a functional form that captures the response.   The R code “project_analysis_functions.R” on the Course Materials webpage contains a variety of functions you might try…
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