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The model: 
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These functions map the butterfly population B and the wasp population W with respect to x, the 

amount of anti-aphrodisiacs emitted, and t, time.  The model came from a derivation of the predator-prey 

model. 

The original predator-prey model assumes that the change in prey population with respect to time 

is a product of the prey population and a linear function decreasing as the predator population increases.  

Similarly, the change in predator population with respect to time is a product of the predator population 

and a linear function increasing as the prey population increases.  In the absence of any predators, the 

prey population is an exponential growth function and in the absence of any prey, the predator population 

is an exponential decay function. 

The first variation we made to the model assumes that the constants will instead be functions with 

respect to the amount of anti-aphrodisiac chemical emitted by male butterflies.  In particular, we assumed 

that the interaction constant in each of the populations’ first time derivative is now a logistic growth 

function with respect to the amount of anti-aphrodisiac chemical.  This allows us to model the interaction 

between the butterflies and the wasps.  We choose an increasing logistic growth as the interaction in the 

butterfly population because more wasps will be attracted to female butterflies when more chemicals are 

released, thus reducing the butterfly population; similarly, a decreasing logistic growth was chosen as the 
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interaction in the wasp population because as the amount of chemical released increases, the wasps will 

be more attracted to females and thus be able to lay more eggs in the butterfly eggs. 

The second variation we made to the model was the constant allowing the butterfly population to 

have an exponential growth in the absence of predators.  Specifically, we choose to change this constant 

into an increasing linear function.  The reason behind this change was so that the butterfly population 

would benefit more from having more chemicals released by males, otherwise the optimal amount of 

chemical would be 0 and the wasp population would die down. 

Since many assumptions were made about each of the constants used throughout the function, 

each one had to be analyzed to see how changes affected the populations predicted by the function. In the 

wasp function, as B1 increases, higher chemical increases are seen to benefit the wasps. Increases in L1 

and a2 cause significant increases in the population predicted for any given amount of chemical. The 

values for a1 and a2 act similarly to this, but on a smaller scale. Changes in 𝛷 lead to minimal changes in 

the overarching function.  

In the butterfly function, we can observe that even small changes to the value of c can lead to the 

period of the function becoming smaller and smaller. The values of a1 and a2 also significantly decrease 

the period size, however a2 only affects populations based on lower chemical levels. B2 and k tend to 

work opposite to each other, with B2 causing the population to decrease at higher chemical levels and k 

increasing the population at lower chemical levels. The carrying capacity of the butterflies greatly 

decreases the value of the population at all points as it increases while A2 only slightly increases the 

population as it increases. 𝛷 leads to a horizontal shift of the graph to the left (towards lower t values) as 

it increases in value.  

These effects were observed from viewing each constant’s position within their respective 

equations, however, without concrete and experimental data, determining exact values for each of the 

constants becomes difficult. However, we would expect that in the long run the populations’ reproductive 

periods would be of the same length. With a consistent difference between the two functions as time 

continues.   
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