Basic analysis for four parameters in LV equation

Objective

With the given sets of initial conditions, by varying one of the parameters in LV equations, we would investigate the changes on the amplitude and the mean values of the prey.
Initial condition

We have this set of initial condition:

a = 1;

b = 0.1;

c = 0.02;

d = 0.5;

Initial_prey = 20;

Initial_predator = 3;

Time_span = [0 20];

Method

We use “ode23” to solve the Lotka-Volterra equation, and obtained a set of concentrations of prey and predator over time. Then we use “max” to obtain the amplitude, “mean” to obtain the mean value of prey, and changing of the sign of the gradient at each point to determine the time between two maximum points (hence period). This process is repeated several times by varying one of the parameters, and finally the max value, the mean value and the period is plotted against the varying parameter respectively.
Experiment 1
Leaving the initial condition unchanged, each parameter is increased by 10% each time for 50 times, i.e. “a” is increased from 1 to 5 by 0.1 each time. The following set of graphs is obtained. Although the general shape (increasing or decreasing trend) is the same, the mean graph is less linear than the max, and this is worth for further investigation. However, the general trend between the max and the mean should give us a rough approximation on the overall population trend of the prey.
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When “a” increases, the max and the mean are generally increasing. 
This is expected since the “a” is related to the growth rate of prey. The higher the growth rate, the higher the concentration it could reach before it starts to decline, assuming the negative feedback strength is constant. 
This could be further verified by changing other parameters in initial conditions e.g. “b”. The “linear” relationship observed for max graph also worth for further investigation by increasing the range of “a”. 
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A general curvature trend is observed, and the minimum is observed around 0.3-0.35. 
This might due to the “locally” low concentration of the prey, and the growth rate of predator is not enough to counter the degradation rate, hence there should be a decreased in the concentration of the predator, and this decreasing gradient at this point is much faster than the rate of increase of “b”, resulted in a much lower killing efficiency, hence the concentration of prey is increased. 
Further investigation could be done by using a large range of “b” and comparing with predator concentration to verify our prediction.
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We could observe the general decreasing trend of the prey concentration.

This is obvious since “c” related to growth rate of predator. The more predators will result in more death of prey. However, “c” is expected to have behaviours similar to the “b”, the concentration of the prey should be increased at certain point. 
Further investigation could be done by extending the range of “c”.
[image: image7.emf]0.5 1 1.5 2 2.5

50

100

150

200

250

300

350

400

450

Plot of max prey vs d

d -- the death rate constant of predator

population of prey


[image: image8.emf]0.5 1 1.5 2 2.5

20

40

60

80

100

120

140

160

180

200

Plot of mean prey vs d

d -- the death rate constant of predator

population of prey


A general increasing trend is observed, and the behaviour of “d” is just the opposite of “a”. 
This is because “d” is the degradation rate of the predator. The larger the “d”, the lower the concentration of predator, the less death caused by the predator.
Conclusion for Experiment 1

We have analysis the behaviours locally, but it is still far from final conclusion on the behaviours of the parameters. From all the experiment, we found there is a need to increase the range of parameters to further confirm the local behaviours. And it might be also worth to investigate with different initial conditions with other side of extreme, i.e. analyse “a” with b=0.5 instead of b=0.1.

Experiment 2

In our previous experiment, we have used maximum value of prey instead of the amplitude of oscillation. Now we are using the difference between the maximum and the minimum value of prey to calculate the amplitude. And the same experiment has been done on analyzing parameter “a” with the same condition in Experiment 1, and the following is observed. 
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Experiment 2
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Experiment 1
It looks almost the same as what we have obtained in Experiment 1, and the same experiment has done on analysis of “b” as well, it is found the same as in Experiment 1 again.(graph not shown) 
Thus we conclude that there are not much difference on the shape by using maximum value or amplitude. For calculation simplicity, we will use the “max” method in the future experiments.
Experiment 3
We are using the same setting as in Experiment 1 to analyse the period of the oscillation. The initial period is about 10 units. The key reason for how frequency depends on parameters is still unknown.
The following graphs are obtained
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It is curve where the local minima occurred at about a=2.5-2.7. The maximum change is 1.2 units.
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It reaches a low value around 9 units from b=0.25 onwards, and oscillate about 9.1 units
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It is generally increased to 11.8 units, starting from around 0.32 onwards.
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It generally decreased t0 5.5 units after d reaching 2.5.
