Project for Lori Glatzel
Population Study with Differential Equations

The spruce budworm is a serious pest in forests dominated by fir trees. In eastern Canada, this pest attacks the balsam fir tree in cycles of about 4 years, where the budworms defoliate and kill most of the trees in the forest. Ludwig, Jones, and Holling [1] developed a model to simulate the population of spruce budworms, and their model is written:
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where r represents the growth rate for the spruce budworms and k represents  the amount of foliage available for the worms to eat. The last term in the expression represents the predation of the worms (primarily by birds). The growth of trees is slow relative to the population dynamics of the spruce budworm, so the parameter k changes slowly

1. Assume that the growth rate of the spruce budworms is fixed at r = 0.55. Show the different dynamics as the parameter k varies from 6 to 20. Find the number of equilibria and the stability of these equilibria as k varies. Use Maple’s DEplot to show typical behavior of the solutions. Give the values of k where the number of equilibria changes.
2. Use your analysis of the differential equation above to explain the ecological significance of the spruce budworm. Explain how young forests have low level endemic infestations. Find the value of k that results in the endemic level jumping to a hugh outbreak of the spruce budworm. Then as the spruce budworms eat the forest down find the value of k that results in the budworm population crashing back to a low endemic level. This is a classic hysteresis effect. Explain this phenomenon in relation to the periodic outbreaks of spruce budworms in growing balsam fir forests.
[1] Ludwig, Jones, and Holling (1978), Qualitative analysis of insect outbreak systems: The spruce budworm and forest, J. Anim. Ecol. 47, 315.
_1143972986.unknown

