Introduction

This worksheet models the population dynamics of two interacting species. In isolation, each species undergoes logistic growth, modeled by the equations:
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where Ni(t) is the population size of species i at time t, ri is the intrinsic growth rate of that species, and Ki is the carrying capacity of that species. Note that the two species may have different values for these parameters; for example, species 1 may grow faster, while species 2 may have a higher carrying capacity.

Remember, the above equations apply when the two species occur separately.  When they occur together, they may influence each other's growth. For example, if both species are plants competing for common resources such as sunlight and nutrients, then each will limit the other's population size. On the other hand, if species 1 is a predator and species 1 a potential prey, then species 1 will limit species 2's population size, but species 2 will increase species 1's population size. We model this by coupling the two above equations to get:
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where the parameter  measures how much species 2 inhibits species 1's growth (relative to how much species 1 inhibits itself), and  measures how much species 1 inhibits species 2 (again relative to species 2's self-inhibition).

	Parameter value
	Biological interpretation

("S" = "Species")

	 > 1
	S2 inhibits S1 more than S1 inhibits itself

	 = 1
	S2 inhibits S1 as much as S1 inhibits itself

	 < 1
	S2 inhibits S1, but less than S1 inhibits itself

	 = 0
	S2 doesn't affect S1

	-1 < < 0
	S2 boosts S1, but less than S1 inhibits itself

	 = -1
	S2 boosts S1 as much as S1 inhibits itself

	 < -1
	S2 boosts S1 more than S1 inhibits itself



Biological interpretations of different values of the parameter .  Corresponding interpretations for  can be obtained by interchanging S1 and S2 in this table.

Specific interactions can be modeled by choosing appropriate values for both  and . For example, to model a case in which species 2 outcompetes species 1, but in which competition between species is weaker than competition within species, we would set 0 <  <  < 1.

Output: what do I see?

The colored cells in the columns K and M show the current values of the model parameters.  You can control these values by moving the corresponding slider bars (just to the right of the value you want to change).

The colored columns on the left (A, B, and C) display the population size of the two species over 100 time units.  The blue column shows N1, the population size of species 1, while the green column shows N2.  If you use the slider bars to change parameter values, as described above, these values will be updated dynamically.

The worksheet also contains 12 graphs, showing a variety of different ways to present the data. (You may need to scroll down and/or to the right to see all 12.)  In the first block of four graphs, graph A1 plots both N1 (blue) and N2 (green) as a function of time.  Graph A2 plots only N2 (on the y-axis) vs. time (on the x-axis).  Similarly, graph A3 plots just N1 vs. time; however, the axes are interchanged so that time is on the y-axis and N1 on the x-axis.  Finally, the graph A4 is a phase diagram of N2 vs. N1.  For each time point, this graph plots the corresponding y-value from graph A2 against the corresponding x-value from graph A3.  This graph thus plots the population sizes of the two species against each other without an explicit time dimension.

Scroll to the right to see the second block of graphs (B1-B4).  These graphs plot change in population size rather than population size itself, but their axes and arrangement are the same as those in the A block.

Scroll down and to the left to see the third block of graphs (C1-C2).  These are return graphs that plot the population size of a species at a given time against the population size of that species one time unit earlier.  Like graphs A4 and B4, the graphs in block C lack an explicit time dimension.

Finally, scroll to the right to see the final block of graphs (D1-D2).  These graphs plot the change in the population size of a species against the population size itself.  Again, these graphs lack an explicit time dimension.

_1021726816.unknown

_1022076788.unknown

_1022076797.unknown

_1021726720.unknown

