Age-structured Predator-prey model

Edward Bauman

For my end of the year project, I will expand the traditional Lotka-Volterra model for predator-prey modeling to include age-structuring. This will yield a matrix model that incorporates the predation factors along with the interspecies breeding factors. Through graphical analysis and with the aid of computer programs, I will examine the resulting data to see if it exhibits a natural relation to population changes.  I expect to find a cyclic population growth in which the predator population follows the same cyclic period that the prey does. 

Fibonacci Sequence and Golden Mean in Human Development

Teva Brown
The Fibonacci sequence relates with the golden mean, the golden number (phi), as well as pascal’s triangle.  Below is one example by Binet to show that the Fibonacci sequence and the golden section (including the golden number phi) are connected:

      
Many of these patterns have been found in the creation of humanity.  Physically speaking, the proportion of human limbs is equal to phi.  The vessels of our circulatory systems, specifically within the heart and lungs, are fractal structures are arguably traceable to the fibonacci sequence.  This project will investigate research done on how this simple mathematical sequence is present in the basic human structure: the cellular development beginning at the embryonic stage.  The primary methods used to link human development with the fibonacci sequence will stem from a hypothesis by Boris Rosin.  He has hypothesized that many cells are generated according to the F-division (see figure below) which relates to the golden proportion of heart rhythms and humans’ anatomical structure.  
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A Theoretical Model of the Dilution Effect in Vector Transmitted Diseases

Stavros Calos
The dilution effect is a conceptual model used to explain disease transmission between hosts of varying disease susceptibility, when a disease is spread by way of a vector species. For example, the white-footed mouse is much more capable of carrying Lyme disease than other mammalian species, although any mammal can carry it. The dilution effect, in this case, states that as mammalian biodiversity (a combination of the total number of species and the relative abundance of members of those species) increases, fewer ticks will bite white-footed mice (since there will be more alternative hosts), and the disease will have a lower prevalence in the vector species and elsewhere in the community. 


I plan on creating a matrix model that parameterizes disease susceptibility for 10 theoretical host species in a community. Each species will get a value from 0 to 5 corresponding to its ability to carry the disease, and each species can only transmit the disease to a vector species (which can then transfer it back to a host species). The variables in the model will be the total numbers of individuals in each species. I will run the model with several different spreads of values for disease susceptibility, and hope to show which types of variance in host disease susceptibility and in host prevalence lead to the lowest and highest disease reproduction rates in the vector species and in a particular incidental host species (like humans in the Lyme disease scenario). 
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The immune system and HIV

Janet Cady

The relationship between the immune system and viruses is very important to life. When viruses get into the body, they hijack the cells machinery to replicate their own genetic material and multiply within the cells. The immune system launches an attack in B-cells and killer T-cells to get rid of the infected cells. If we did not have an immune system, the smallest infections would spread throughout all of our cells unstopped and be lethal. This paper will show two models of the interaction between a virus and the body. The first model is what would happen to the body if there was no immune response. The second model shows the effects of the immune system on the spread of the virus. The two models will show how the body is effective or not effective at getting rid of invaders. HIV is a virus that the immune system has trouble getting rid of. The HIV virus infects the cells of the immune system and uses them to spread itself.  This paper will show why this is a good strategy based on the two different models of infection. 

Island Biogeography

Trevor Caskey

Abstract:
The turnover rates (colonization and extinction) of isolated islands are mainly modeled after the Krakatau Islands.  In 1883 the islands were destroyed by a volcanic eruption.  All life had vanished and repopulation of the islands began soon thereafter.  From analyzing records kept from multiple expeditions to the islands after the eruption, a correlation was found to exist between flora and fauna colonization.  Using this data, immigration rates, growth rates, and extinction rates were determined and used to build a model for the colonization of birds on the islands.   The MacArthur and Wilson model for immigration and extinction processes was adapted and adjusted to model the faunal growth of the birds as a function of floral growth and turnover rates.  The results returned that as flora increased, the extinction decreased and gradually increased to reach equilibrium with the decreasing immigration rate.  

Carlquist, Sherwin.  1965.  Island Life.  The Natural History Press.
Heaney, L.R. and Patterson, B.D. 1986.  Island Biogeography of Mammals.  

Linnean Society of London by Academic Press.
MacArthur, R.H. and Wilson, E.O. 1967. The Theory of Island Biogeography.  
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An Anthropological Application of Population Modeling Using Matrices: How Long Did It Take For Modern Humans To Migrate Out of Africa?

Rennie Ferguson

Approximately 2.5 million years ago, the first species of Homo began to walk across the plains of what is today Africa. Due to environmental conditions in the Pliocene, however, no hominids had yet left Africa. Soon after 2.5 Ma, some form of Homo left Africa. This first movement is called ‘Out of Africa I’. Anatomically modern humans came in the second movement called ‘Out of Africa II’, which began roughly 120,000 years ago.
  Scientists are undecided as to whether these modern humans replaced all the existing hominids, or whether they interbred.
 The purpose of this project is to try to determine if the ages at which anatomically modern humans arrived in the different regions of the world are mathematically possible using matrices. First, the world would be divided into nine geographic areas; Africa, the Middle East, Europe, Central Asia, China, Siberia, Alaska, North America, and finally South America. Then a directed graph would be drawn, and from this I hope to create stage structured model that takes into account the self-growth of the population and the emigration levels. I would be assuming that at a certain population level, the part of the population would leave the area and move. I would keep applying this matrix, until hopefully I had calculated the time it could have taken for the first anatomically modern humans to reach South America. Some problems I may encounter include the effects of climate changes on accessibility to different geographic regions; it isn’t possible to take these in to account in my model. However, I hope to get an approximate answer to the question of how long it took anatomically modern humans to successfully immigrate out of Africa.  

 Chris Stringer and Peter Andrews, The Complete World of Human Evolution (New York: Thames & Hudson, 2005), p. 193-195.
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Modelling Tree Swallow Migration across North America

Rachel Fovargue
Tachycineta bicolor, the tree swallow, nests in the summer in northern North America (Canada and northern US), and then migrates to the Gulf Coast and southern Pacific coast every winter. In order to mathematically reflect this behavior, one can use metapopulation modeling. By assigning different latitudinal areas as separate habitats, this pattern of migration can be applied to a matrices model. Each population will have a dispersal rate and survival rate, representing the quality of the habitat in that location. These variables will be described by a temporal function, most likely modeled in a sinusoidal fashion to represent the seasonal fluctuation of temperature. Reproduction can be added to the model by multiplying in a reproduction rate which has been calculated in RW Butler’s publication in the North American Journal of Field Ornithology, Population Dynamics and Migration Routes of the Tree Swallow. A single pair of tree swallows only produces one brood a year, so the average reproduction rate is easily applied. Also in this paper is included an estimated yearly death rate, which, as an average, can be incorporated into the functional representation of survival rate. I hope to use bird count data from ebird.org as a source for relative population numbers. Through this model I hope to produce a representation of the annual movement of a population and the dispersal at any one moment during that year. 

Using Mathematics to Control the Pest Population

Natalie Herring

Agricultural problems are currently being solved through the use of mathematical models.  One such problem is the management of pests that harm crops.  It is important for growers, consumers and the environment that pest control be performed at its most effective level.  The growers focus on finding the lowest cost possible for the least amount of crop damage.  However, the environmental concern is for the smallest amount of environmental harm.  This method using ecological models to develop pest control strategy is often referred to as integrated pest management.  

There are several mathematical models created by each author that are being used to fulfill the preceding goals. First, mathematical models are used to show that species diversity affects agrosystem stability.  Then, field tests and examples are presented to show the effectiveness.  Lotka-Volterra’s model of predator-prey dynamics can be modified to represent the pest population.  A functional response model based on one by Oaten and Murdoch’s model is also useful.  The remainder or the models presented are unique to each author and developed from their research. It is hoped that these models will provide safer, more efficient ways to control the pest population since mass usage of insecticide is declining in effectiveness.
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Tumor Modeling

Katie Hogan


The human body’s numerous biological processes are extraordinarily well-controlled, for the most part.  When cells undergo reproduction, there are four stages they must pass through: Gap 1, DNA synthesis, Gap 2, and mitosis.  After this series of steps, each individual cell will double. However, mutations can and do arise to alter one’s DNA.  When these mutations are not properly fixed by the body, it is possible for them to slowly develop into a full cancer.  Tumor cells are prolific, not because they multiply faster than body, or somatic, cells, but because they continue to multiply in circumstances where the somatic cells can no longer do so.  This growth, however, can reach an apparent plateau in its early stage, called the diffusion-limited phase.  This occurs before the cells enter angiogenesis, when they stimulate blood-vessel production.  Thus, to represent the model of this early stage of tumor growth, one can use the logistic equation, where                                
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In this model, N is the size of the tumor, measured in number of cells.  As is the case with the logistic model, K represents the carrying capacity, or the apparent leveling off of cell growth after some time. Von Bertalanffy has also produced a more generalized version of this model,                       
[image: image3.wmf]m

l

b

a

N

N

N

f

dt

dN

-

=

=

)

(

, 

where  and  are positive parameters and .   These two models briefly described are used in a more descriptive manner rather than explanatory, to show that in its early stages, a tumor does indeed have a carrying capacity.  
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The Effects of Coral Bleaching on the Population Dynamics 
of “Coral Dependent” Fish

Juliann Krupa

As a result of warming ocean temperatures, the permanent “bleaching” of corals and sea anemones is becoming more common and widespread. A pathogen, more prolific in warmer waters and spread through various seasonal vectors, causes a disruption in the natural photosynthetic processes of the coral, killing the organism and leaving only the calcium carbonate skeleton of the coral behind. Certain fish populations, such as butterfly fish and file fish, are considered “dedicated coral feeders” and will be directly impacted by the significant loss and damage of coral colonies. Scientists studying coral bleaching claim that one of their greatest concerns is how the increasing rate of bleaching will effect the coral reef ecosystem’s biodiversity. The butterfly fish that are part of this ecosystem are one of the most common reef fish, playing a large part in the functioning of the ecosystem and in the reef’s natural food chain. How will the loss of coral effect the population of coral dependant fish? What rate of coral loss will make a fish population unstable? How much coral loss is too much; when will a fish population crash? The questions will be analyzed through the use of fish and coral population data, basic population models (Malthus and/or Logistic), differential equations and phase plane diagrams.

Action Potentials in Neurons

Lindgren, Amelia

I am going to do my project on action potentials in neurons. I am interested in how the intensity of stimuli affects the action potentials. I find this a relevant topic because action potentials are the basis of communication in our bodies. Not only do they pass information through out the body they also coordinate all movements. Because of this, they are crucial to our survival.  I am going to use a mathematical model to explain how a neuron functions. I am going to use either the Hodgkin-Huxley or the FitzHugh–Nagumo mathematical models to model the behavior of the neurons. These models use the characteristics specific to certain neurons to determine the frequency and amplitudes of action potentials. Since different types of neurons have different characteristics. I am interested in determining the characteristics of muscular neurons, such as the capacitance of sodium and potassium channels, as well as the membrane characteristics to determine how the stimulus effects and produces action potentials. With this information I will determine the frequency, amplitude and refractory periods of the action potentials and explain the behavior of the neuron through the mathematical models.

Reference: 
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Pattern Formation in Nature

Patrick Lucey

Abstract:  Biology and mathematics are capable of producing intricate patterns in non-organic constructions (for example, sea shells, snowflakes, and sand dunes).  They can offer a range of patterns which will emerge spontaneously, given the correct starting conditions.  The theory which is currently gaining support says that life operates by using DNA to create the right starting conditions, and thereafter biology and math do all the rest.  The formation of patterns in biology has intrigued experimentalists and theoreticians for many generations.  Here we present a brief view on some mathematical models for pattern formation and then focus on the chemical means of pattern generation.  
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Oscillatory behavior in neural systems
Connie Oh

The ability of neural networks to generate rhythms is widespread in the central nervous system, and is necessary to drive breathing in mammals.  In neurodegenerative diseases like Parkinson's, it's the loss of this ability that ultimately causes death.  In the past decade, studies searching for the site of respiratory rhythmogenesis have pointed to the preBotzinger complex in the ventral medulla (3).  The particular mechanism that gives rise to this rhythm is as yet unclear, but interest is growing in the hybrid group-pacemaker model, which proposes that rhythmicity is a network property (2).  In opposition to controversial research in individual pacemaker neurons, the hybrid group-pacemaker hypothesis emphasizes the importance of circuit wiring.  


I am currently involved in research with Dr. Christopher Del Negro investigating the putative role of Ca+-activated nonspecific cation current in this rhythmic network.  My project for this course will include a broad overview of the biological mechanisms underlying rhythm generation that are ubiquitous in the brain, profiling the electrophysiological properties of neurons, candidate ion channels, and local and global circuitry (1, 4, 5).  I then hope to perform an extensive study of a novel ordinary differential equation model of rhythmogenesis currently in development.  The simulations will have to be reconciled with the findings from electrophysiological recordings, and ultimately I hope to make an assessment of the validity of this proposal in the context of the hybrid group-pacemaker model.
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Effect of Hunting on Dismal Swamp Black Bear Population
Tristan Tronic

Due to their impact on safety and agriculture, as well as their potential to generate revenue, black bears are an important topic of concern in Virginia.  Though the bear population is mostly concentrated in the Blue Ridge Mountains, there is a population of an estimated 300 bears in the hunting-protected Great Dismal Swamp National Wildlife Refuge near the densely populated Hampton Roads region.  This year, Virginia is opening the Wildlife Refuge to limited hunting, a controversial proposal.  Ultimately, the goal of any hunting regulation is to achieve a stable bear population.  Studies of hunted black bear populations in the Blue Ridge Mountain region of Virginia have been performed, providing estimates of the birth rate and survival rate separated into metapopulations of subadult female, adult female, subadult male, and adult male.  By extending these estimates to the Dismal Swamp population, I will examine the effects of various hunting regulations, including total bag limits and age and sex limits, on the metapopulations as well as the total population, with the goal of reaching an acceptable equilibrium.
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