
TREE Course: Final Projects
You should soon have a working version (most likely in R) of the stochastic SIR model of Keeling and Gilligan (2001a,b).  The model keeps track of both population dynamics of hosts (rats) and vectors (fleas) as plague, the disease caused by the bacterium Yesinia pestis, circulates among hosts and vectors.  You will probably want to create a model that includes both stochastic dynamics of rat populations and deterministic dynamics of the flea populations.  We implement this methodology to speed the runs of the model, especially because the time scale of flea dynamics is faster than the time scale of the rats’ dynamics (i.e. they have different life spans).
The projects we are proposing fall into two categories:  i.) single patch models that most likely will include a “source population” from which dispersers can arrive at some rate, ii.) a multi-patch models that include dispersal between two or more patches that are explicitly modeled.  We provide some questions along with the description of each project to start and to guide your thinking.  You should not restrict yourselves to answering just these questions, but use them as launching points into your analysis.

We’d also like you to consider the articles by McCallum et al (2001) and Begon et al. (2002), which review the various ways that disease transmission can be modeled to differ from purely mass-action assumptions.  Which forms do the Keeling models assume, and are they justified?  

We expect that your teams make a serious run at one of these projects, and by Friday, April 21 we would like for you to tell us which project you will be doing.
Project 1:  Investigate alternate rat population dynamics and multiple routes of infection.  One of the strongest assumptions within the Keeling model is that rat populations are stabilized by density-dependent population growth via a logistic population growth model.  The question is whether or not the model can be changed to remove the logistics growth dynamic, i.e., is it possible to create a stable version of the model that does not include logistic growth of the host population?  One way to do this might be to use other (multiple) routes of infection besides transmission by fleas, as was done by Webb et al. (2006).  This requires investigating alternative routes of infection by the plague bacterium, and how their transmission should be modeled, e.g., density versus frequency dependence.  You should also consider how to estimate R0, the reproductive rate of the pathogen (in terms of newly infected individuals).
Project 2:  Investigate the effect of various models of vaccination.  We covered two general models for how the SIR model might be modified to include the possibility of vaccination.  In general, this is the process of transforming Susceptible individuals directly into Resistant (Recovered) individuals without having them suffer (disease-causing) infections and spending time as Infecteds, when their mortality generally increases dramatically.  The effect this can have on population growth is well-known to all of us (know anyone who’s died of small pox or typhus)?  You should modify your Keeling model to include both the continuous vaccination of Susceptibles as they are born (or arrive by dispersal) into the population, and “pulsed” vaccination of the whole population.  What proportion of the population must be successfully vaccinated to reduce the incidence of disease?  At what frequency must the population be “pulsed” to do the same thing?  Is it possible to drive the disease to extinction within the population?  

Project 3:  Determine the sensitivity of the Keeling model to the assumption that fleas are Poisson-distributed on rats, and that free fleas are always infectious?  We know that parasites, including the ectoparasitic fleas on vertebrates, tend to be clumped on the hosts that carry them.  Given that the Keeling model concludes that flea loads on rats drive the dynamics of their metapopulation model, how sensitive is the model to this assumption?  You should try to change the distribution of free fleas released to both more clumped and more even uniform than Poisson (which distributions might you try?  Can you find original data from the literature that would give you the actual distribution?)  Also, the Keeling model generally assumes that all free fleas are infected, but that they starve at a steady rate.  How realistic is this assumption (e.g. how long might a host remain bacteraemic, how many fleas from a dead host actually can transmit disease, and what’s the time course of infectiousness of fleas?) 
Project 4:  Investigate the properties of a multi-patch version of the Keeling model that includes deterministic dynamics of flea populations.  Does stability of the model require more than a few patches (you might not be able to test this directly, but what does the literature say)?  How did you model dispersal of fleas and rats (e.g. continuous versus episodic), and what are the biological implications of different forms of dispersal between patches, and different forms of transmission (density-dependent versus frequency-dependent)?  What short-cuts or fixes did you have to make to get this model to run in a reasonable time? Note: this project requires substantial programming skills, and perhaps programming the model in a compiled language like C.
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