BIOL / MATH 2350 

Miniproject Options
1. This project is based on bacteria in biofilms. Such bacteria produce Extracellular Polymer Substances (EPS), which enable them to attach to surfaces and to each other. The growth rate of bacteria depends on how much nutrient is available to them. With a high supply of nutrient, bacteria tend not to produce much EPS and they grow rapidly. With a lower supply of nutrient, bacteria produce more EPS and grow slowly. Model the dynamics of nutrient, bacteria, and EPS under different nutrient supplies.
2. This project involves an infectious disease transmitted by an insect vector. We suppose that a host species (could be humans, but could also be dogs, raccoons, horses, birds, etc.) is at a population equilibrium, so that its overall per capita birth rate matches its per capita death rate.  Likewise for the vector species (which could be mosquitoes or some other insect). When vectors bite hosts, the disease can be transmitted in either direction, so infected vectors infect susceptible hosts at a certain rate, while susceptible vectors become infected by biting infected hosts at a different rate.  Since insects and most mammalian species have very poor healthcare, there is no recovery from the infection, but there is also no disease-induced mortality.  The goal of this project is

A. To model the infection process in both hosts and vectors (use the fact that both total populations are constant to reduce the size of your model), and determine the condition under which the infection persists.

B. Now consider that there are two different strains of the infection, and infection with one strain confers cross-immunity against infection with the other strain.  Extend the model to include the second strain, and determine the possible outcomes.

3. This project is related to arctic plant-soil interactions as affected by climate warming. Plants grow in relation to the concentration of nutrient in the soil, and are eaten by mammalian herbivores such as voles. In their urine and feces, the voles recycle some of the nutrient they consume from plants, using the remainder for their own growth. As temperature increases, soil nutrient supply increases, so plants can grow more rapidly. Model the dynamics of plants, nutrient, and herbivores under different temperatures.

4. This project concerns bison and prairie grass. Bison eat prairie grass above a certain height, at a rate that depends on how much tall grass there is. The birth rate of bison depends on their rate of ingestion of tall grass, and bison are also killed by wolves at a constant per capita rate. Tall grass plants reproduce, and their offspring are short grass plants that are not eaten by bison. Short grass plants grow into tall grass plants and become vulnerable to being eaten by bison. The goal is to model the following two situations.

A. Short grass plants grow into tall grass plants at a constant rate.

B. Bison excrete as feces a portion of the tall grass they ingest. Their feces fertilize the short grass so that it grows into tall grass more rapidly.

5. This project is based on some of the interactions thought to occur when the bacterial species Staphylococcus aureus infects various sites within the human body. The growth of the bacteria is limited by the concentration of iron, a critical nutrient. A signal molecule produced by bacterial species that co-infect with S. aureus (perhaps Pseudomonas aeruginosa) causes a portion of the S. aureus cells to transition to a small-colony variant (SCV) that reproduces more slowly than the normal cells. A small portion of the SCV cells spontaneously revert to the normal type. Experiments with S. aureus are to be done in flow-through cultures where a nutrient medium containing a low concentration of iron will be pumped through the cultures. Different concentrations of the signal molecule will be tested by putting them in the inflowing medium. Develop a mathematical model that can predict the results of such an experiment, as well as experiments that test different concentrations of iron and different rates of flow for the medium.

6. This project involves diseases of wildlife that migrate on an annual basis between a breeding site for part of the year, and another site for the rest of the year. While at the breeding site, susceptible individuals are born, and can become infected. Both susceptible and infected individuals die at a background rate while at the breeding site, but infected individuals have an additional death rate due to disease. At the end of the breeding season, all individuals migrate to the non-breeding site, and some die along the way. While at the non-breeding site, more susceptible individuals can become infected. Both susceptible and infected individuals die at a background rate, and infected individuals again have an additional death rate due to their disease. These mortality rates might be different from those in the breeding site. Just before the breeding season, all individuals migrate to the breeding grounds, again with mortality during migration that might be different from the mortality that occurred during migration away from the breeding site. Construct a mathematical model that allows you to explore how the dynamics of the infection vary as the different mortality rates are changed.
7. Plants photosynthesize, grow and produce biomass in relation to the concentration of available nitrogen in soil. Plant biomass is removed by a variety of processes; some biomass falls to the soil as “plant litter” and becomes incorporated into detritus and soil organic matter. Soil detritus contains nitrogen, but this nitrogen is not readily available to plants. However, during decomposition, detritus slowly releases some of its nitrogen content as available nitrogen that plants can then use for more growth. University groundskeepers want to manage a large grass lawn so that the amount of detritus is high to decrease the “carbon footprint” of the university. The carbon contained in detritus has been removed from the atmosphere by photosynthesis, lowering the amount of atmospheric carbon dioxide and offsetting the “greenhouse effect”. They can decide how much available nitrogen to add as fertilizer to stimulate grass growth, how often to mow the lawn (how rapidly plant biomass is removed), and what proportion of mowed clippings to leave on the ground as detritus. How will these factors affect the amount detritus in the soil over the long term?
8. Unicellular, flagellated protists are important predators of bacteria in aquatic ecosystems. In predation experiments lasting several days with one predator species and several prey species, some distinct dynamical patterns were seen for different prey species:

· Bacteria immediately began to decline and did so linearly or exponentially throughout the experiment, while predators immediately began to grow and did so linearly or exponentially throughout the experiment.

· Bacteria immediately began to decline and did so linearly or exponentially throughout the experiment, while predators either did not grow or slowly declined throughout the experiment.

· Bacteria did not decline and remained constant, while predators either did not grow or slowly declined throughout the experiment.

· Bacteria and predators did not change for the first few days of the experiment, and then bacteria declined while predators grew for the remainder of the experiment.

Construct one more models that produce as many of these dynamical patterns as possible. It is thought that bacterial species differ in the content of a critical nutrient that the predators need, and that bacteria might produce a compound on the surface of their cells that predators must recognize in order to ingest the bacteria. These factors could vary between prey species or change over time to affect the dynamics during experiments.
