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Population Dynamics 

 

OVERVIEW 

This activity guides students through an exploration of the Click & Learn “Population Dynamics” to learn how the 

exponential and logistic growth models can be used to describe how populations change over time. In 

preparation for this activity, students may watch the lecture “Modeling Populations and Species Interactions” by 

Dr. Corina Tarnita of Princeton University. 

 

KEY CONCEPTS 

 Scientists construct mathematical models to understand the factors that affect populations growth. 

 In the exponential growth model, the rate of population growth depends on the per capita growth rate and 
population size. 

 In the logistic growth model, population growth slows down as the population size approaches a maximum 
number called the carrying capacity (k). A variety of density-dependent factors contribute to k. 

 In the logistic growth model, when the population is very small compared to k, then growth approximates 
exponential growth. When the population is near k, growth becomes smaller and smaller, approaching zero. 

 
STUDENT LEARNING TARGETS 

 Explain how changing the variables of time, per capita growth rate, and the initial population size affect 
population growth using an exponential growth model. 

 Explain how changing the variables of time, per capita growth rate, the initial population size, and the carrying 
capacity affect population growth using a logistic growth model. 

 Interpret and describe the meaning of graphs and data tables summarizing population growth over time. 

 Describe assumptions of the population growth models and how those assumptions align with biological 
populations. 

 Apply population growth models to interpret actual biological examples. 

 Use population growth models to predict and interpret human population growth. 
 
CURRICULUM CONNECTIONS 

Standards Curriculum Connections 

NGSS (2013) HS-LS2-1, HS-LS2-2, HS-LS4-6, HS-ESS3-3 

AP Biology (2015) 2.D.1, 4.A.5, SP2, SP5 

AP Environmental Science (2013) II.A, III.A 

IB Biology (2016) 4.1, C.5 

IB Environmental Systems and Societies (2017) 1.2, 2.1 

Common Core (2010) ELA.RST.9-12.7, WHST.9-12.1 

Math.A-REI.6, N-Q.1, F-IF.7, S-ID.4, S-ID.7, MP2, MP4 

Vision and Change (2009) CC5, DP2, DP3 

 

KEY TERMS 

biotic potential, carrying capacity, density-dependent and independent factors or regulation, emigration, 

exponential and logistic growth models, immigration, limiting factors 

 

 

http://www.hhmi.org/biointeractive/population-dynamics
http://www.hhmi.org/biointeractive/modeling-populations-and-species-interactions
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TIME REQUIREMENTS 

 One or two 50-minute class periods; class time can be reduced by assigning the suggested video lecture to 

watch in advance as homework, assigning some of the questions as homework, and/or eliminating some of 

the questions.  

 

SUGGESTED AUDIENCE 

 AP/IB Biology 

 College-level general biology or ecology  

 

PRIOR KNOWLEDGE 

Students should 

 have familiarity with the algebraic concept of limits. 

 understand the utility of models and their strengths and weaknesses (e.g., why build them, why they are 

useful, and how they are not a perfect description of reality). 

 

BACKGROUND 

The Click & Learn “Population Dynamics” contains all the background information necessary to complete this 

activity and understand exponential and logistic growth. The information below provides additional background 

about the exponential growth model equations.  

 

Discrete vs. Continuous Models of Population Growth: 

In general, mathematical models of population growth come in two flavors: discrete and continuous. The discrete 

model considers the population at discrete generational times and uses the formula 

Nt + 1 = Nt + B – D 

N = B - D 

The population at time t is denoted by Nt, and in the next generation at time t + 1, it is Nt + 1. N denotes the 

difference between Nt + 1 and Nt, here given by the number of births, B, minus the number of deaths, D. In a 

discrete model, it is relatively easy to understand how different factors contribute to change in population size. 

However, in many biological situations, modeling a population to reproduce and die synchronously in each 

generation is not realistic and can lead to misleading results. A discrete model is easy to implement in a 

spreadsheet program, but mathematically manipulating the equation is cumbersome. 

 

On the other hand, the continuous model uses the formula 

Nt = N0ert 

Here, the population at time t, Nt, is a function of time and can be calculated using N0, the initial population size; 

r, the rate of increase; and t, time. In this equation, e is a constant, the base of the natural logarithm (about 

2.718). The continuous equation is easier to manipulate mathematically and can give more accurate results than 

the discrete model.  

 

The two equations are, however, related. If you make the generational time in the discrete model infinitely small, 

then the discrete model becomes the following differential equation  

dN/dt = (B – D) 

B and D now represent instantaneous birth and death rates such that B = bN and D = dN, where b and d represent 

instantaneous per capita birth and death rates, and N the current population size. 
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Solving this equation and substituting b – d = r gives Nt = N0ert. The first page of the exponential model in the Click 

& Learn shows how to solve the equation. 

 

 

STUDENT WORKSHEET ANSWERS 

PART 1: Exponential Models 

A. Manipulating the exponential model  

Read through the description of the exponential model and then proceed to the exponential model simulator. 

Click on the “How to Use” button. 

1. What values does the x-axis represent?  

The x-axis shows time. 

 

2. What values does the y-axis represent?  

The y-axis shows population size. 

 

3. Exit the “How to Use” page by clicking on the x button on the top right. Move the growth rate r slider to its 

lowest value of 0.1, then gradually increase it. What happens to the population size as you increase the 

growth rate? 

As the growth rate increases, the population size increases more rapidly; the slope becomes steeper. 

Note: For added exercise in data taking, you can have students record the values of the slope and r and discuss 

the results. 

 

4. Now place the growth rate at r = 0.5. (You can do this by adjusting the slider, or you can type in the value in 

the box next to the “r =” label and hit return.) How does the population growth vary if it starts from a small 

initial value (N0 = 5 individuals) versus a larger initial value (N0 = 100 individuals)? 

When the population starts at a small value, the initial population growth rate is slow, with an almost zero slope. 

Gradually, this rate increases and curves upward more rapidly. In the larger initial population, the population 

immediately grows very quickly, without the slow ramp-up. 

Note: You can have students design a very small-scale experiment in which they vary N0 and record the slope of 

the line at t = 5 and make claims based on evidence for how changes in N0 affect slopes at different points in 

time. 

 

5. Keep the growth rate at r = 0.5, and make N0 = 1000 individuals. What is N when t = 5? To answer this 

question, you will have to rescale the graph so that you can see the higher values of N: Click on the gear icon 

and change the Max value of Pop. (N0) to 15000. N = 12,182 

 

For questions 6 through 8, identify which parameters (large or small growth rate, large or small initial population 

size) will generate the following kind of graph: 

6. A long period of almost no growth—the curve looks nearly flat.  

A small growth rate and small initial population 

 

7. A long period of slow but clearly accelerating growth—the curve starts to become steeper at the end. 

An intermediate growth rate and small initial population 

 

8. Extremely rapid growth from the very beginning. 

High growth rate and large initial population 
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B. Investigating different scenarios 

Waterbuck are a large antelope found in sub-Saharan Africa. Waterbuck populations in Gorongosa National Park 

in Mozambique are recovering after a devastating civil war. Scientists are trying to understand and predict 

changes in the size of waterbuck populations using models.  

 

1. The initial values for the waterbuck population are as follows: b = 0.67, d = 0.06, N0 = 140. Calculate the 

waterbuck population growth rate r.    r = b - d = 0.67 - 0.06 = 0.61 

 

2. Enter your calculated growth rate and initial population value into the exponential model simulator. Does this 

model predict that waterbuck population growth will ever slow down or decline? 

No, in this model, waterbuck population growth will always increase and accelerate. 

 

3. So far, we’ve examined growth over 10 years (t = 10). Click on the gear icon and change the Max value of time 

to 100. Observe the population growth over the period of 25 years. Does this accurately reflect reality? Why 

or why not? 

No, this is not accurate. Eventually something will constrain the population, such as limited resources—food, living 

space—or increased disease and competition from crowded conditions and scarce resources. 

Note: Limiting factors are anything that constrains population growth, such as food or nesting space, and keeps 

populations from growing exponentially forever. 

 

4. Think of two other possible limiting factors that could apply to waterbuck populations. 

Examples include habitat, disease, predators/hunting, parasites, competition, habitat loss or degradation, pollutants, 

and natural disasters (fire, flood, drought, and so on). 

Note: A population without any limiting factors grows at its biotic potential: the maximum possible growth rate 

under ideal circumstances. Bacteria in a laboratory environment can briefly grow at their biotic potential, but 

otherwise few organisms have the opportunity to grow this fast. 

 

5. Fill in the chart below with the population size (N) and rate of change of population (given by the slope, 
𝑑𝑁

𝑑𝑡
) at 

each time, t, using the same parameters: b = 0.67, d = 0.06, N0 = 140. 

time 5 10 15 20 25 

Population size (N(t)) 2,956 62,420 1,318,022 27,830,481 587,650,195 

Slope (
𝑑𝑁

𝑑𝑡
) 1,803 38,076 803,993 16,976,594 35,846,619 

 

6. Describe how both the population size and the rate of change of population vary over time. 

Both the population size and the rate of change of population (slope) increase over time. The increases become 

faster over time as the slope becomes steeper. 

 

7. In an exponential model, the growth rate is controlled by the parameter r. Is the growth rate r the same at 

time t = 5 and time t = 20? Why or why not? 

The growth rate is the same at both time t = 5 and time t = 20. In the exponential model, r stays constant. 

 

8. A decrease in the number of predators lowers the death rate of waterbuck to 0.04. How would this change 

the growth rate r?  r = b - d = 0.67 - 0.04 = 0.63     

A decrease in the death rate would increase the growth rate from r = 0.61 to r = 0.63.  
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9. How would this new growth rate influence the population size at time t = 20? 

An increase in the growth rate would lead to faster population growth and a larger population of 41,518,199 at that 

time—an increase of over 13 million additional waterbucks! 

 

10. We’ve been defining r as the difference between the number of births and the number of deaths (r = b - d). 

However, movement of individuals into (immigration, i) and out of (emigration, e) an area can also change the 

growth rate. An updated r term would include all of these variables: r = (b - d) + (i - e).  

 

How would the waterbuck population be different at time t = 20 if more waterbuck immigrated into the area? 

Use the values i = 0.25, e = 0, b = 0.67, d = 0.06, N0 = 140. 

Immigration would increase the growth rate from 0.61 to 0.86. This would lead to faster population growth, with a 

new population of 4,130,409,628 at t = 20 instead of the original value of 27,830,481. Small changes in the growth 

rate can have a big impact on the model results, especially at later time points. 

 

PART 2: Logistic Models 

A. Manipulating the logistic model 

The logistic model adds the concept of carrying capacity, k. This is the maximum number of individuals that the 

community can support without exhausting resources. 

 

1. Use default starting values for r (0.6) and N0 (100). Select a value for k smaller than the N0 value. What 

happens to the population over time? 

The population decreases in size until it reaches the carrying capacity, k. 

 

2. Keep the same values for r and N0. Now, select a value of k larger than the N0 value. What happens to the 

population? 

The population increases in size until it reaches the carrying capacity, k. 

 

3. Describe a set of values for N and k that results in a slope that is almost zero. What is needed for this to 

happen? 

The slope becomes closer to zero as the population size N approaches k. So, any value of N near k will have a near-

zero slope.  

 

4. Set the model with a value of k larger than N0. What happens as you increase r? 

As the growth rate r increases, the population reaches k more quickly. While still in the rapidly increasing growth 

phase, the slope (
𝒅𝑵

𝒅𝒕
) is also steeper than with a smaller r. 

 

5. Set the model with k = 1,000, r = 0.62, and N0 = 10, and change the maximum value of t to 25. Create a table 

below showing the values for the population size and population growth rate (slope) values for different 

values of t. 

 

Tables will look different depending on the time values students choose. An example of a student table is as follows: 

time 5 10 15 20 25 

N 183 833 991 1,000 1,000 

slope, 
𝒅𝑵

𝒅𝒕
 92.76 86.37 5.51 0.25 0.01 



Population Dynamics   
 

Ecology                      Published February 2018 
www.BioInteractive.org                   Page 6 of 8 

Click & Learn 
Educator Materials 

6. Select t = 0, but keep all other settings the same as above. Click on the play button. What happens to the 

slope over time?  

Initially, the slope becomes steeper before leveling off and approaching zero. 

 

7. How is the result in the previous question different from your results with the exponential model? 

In the exponential model, the slope became steeper over time. In the logistic model, the slope increases rapidly 

before decreasing. 

 

B. Kudu scenarios 

Kudu are an antelope species found in eastern and southern Africa. Male kudu have dramatically spiraled horns, 

which makes them a target of trophy hunters. Assume that the carrying capacity in a park is 100 kudu. 

Parameters: k = 100, r = 0.26, N0 = 10. 

 

1. At what time do kudu populations reach their carrying capacity? (You may need to change the max value of t 

and adjust the max value of k to optimize the graph display.)   

around t = 29 

 

2. What happens to the growth rate of a kudu population as it reaches its carrying capacity? 

The growth rate slows as the population approaches its carrying capacity. 

 

3. Assume a new plot of land is added to the park, increasing the carrying capacity to 250 kudu. How will the 

population size change? 

The population will grow until it reaches its new carrying capacity of 250 kudu. 

 

4. This population started from only 10 individuals. How could small population sizes make populations 

vulnerable to extinction? 

Very small populations are vulnerable to going extinct from chance events. Simple bad luck or accidents can wipe out 

the entire population. Very small populations could also have a sex imbalance, where only male or female individuals 

are present, which prevents new offspring from being born. Small populations are also vulnerable to reduced genetic 

variability, which can lead to problems from inbreeding, as well as genetic drift that may cause deleterious traits to 

become common in the population. 

 

5. Reset the carrying capacity back to 100. Trophy hunters move into the area, leading to an increased death 

rate, which decreases the growth rate r to 0.15. How would this impact the population size? (Hint: Look at 

when the population reaches its carrying capacity.) 

The population would grow more slowly. The previous values led to the population reaching the carrying capacity at 

around t = 29, while in this new situation, the population does not reach the carrying capacity until t = 50. 

 

6. Although logistic models can be more realistic than exponential models, they still do not perfectly capture all 

aspects of population growth. Can you think of some additional details that impact population growth that 

these simple logistic models do not capture? 

The age and sex of individuals in a population could also matter. Many species need to reach a minimum size or age 

before they are able to reproduce , so a population of juveniles or very old individuals will increase at a different rate. 

The sex of individuals also matters, as populations lacking reproductive-age males or females will not increase. 

 

 

PART 3: Interpreting Data  
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A. Wildebeest and rinderpest 

In the 1980s, wildebeest and other ungulates in the Serengeti were decimated after they became infected with 

rinderpest, a virus related to measles. Wildebeest populations began to recover when farmers started vaccinating 

domestic cattle, which were the source of the virus (Figure 1). Use the following population parameters: k = 

1,245,000; r = 0.2717; N0 = 534.  

 
 

Figure 1. Wildebeest and zebra 

populations in the Serengeti 

from the 1950s to 2010.  

Data in Figure 1 from:  

Mduma, Simon AR, A. R. E. 

Sinclair, and Ray Hilborn. 

"Food regulates the Serengeti 

wildebeest: A 40‐year record." 

Journal of Animal Ecology 68.6 

(1999): 1101-1122. 

 and 

Grange, Sophie, et al. "What 

limits the Serengeti zebra 

population?" Oecologia 140.3 

(2004): 523-532. 

 

 

1. What kind of population growth model would you use to represent wildebeest populations? Why? 

Wildebeest populations appear to follow the shape of a logistic model: an initial increase in population size followed 

by a slowing growth rate and stabilization at a carrying capacity. 

 

2. Were wildebeest populations at their carrying capacity in 1965? Why or why not? 

No, they were not. The population continued to grow and increase for several years, until around 1980. The nonzero 

slope (population growth rate) indicated increasing growth in 1965. 

 

3. If the growth rate was r = 0.3, how would the wildebeest population recovery change? 

The population would grow more quickly and reach its carrying capacity k sooner. 

 

4. What would happen if the carrying capacity increased to 2,500,000 wildebeest after adding more protected 

grazing land? 

The population would grow until it stabilized at the new carrying capacity of 2,500,000 wildebeest. 

 

5. Zebra populations (triangles) stayed stable both during and after the rinderpest epidemic. What does this 

suggest about zebras’ susceptibility to the rinderpest virus? 

This suggests that zebras are not susceptible to rinderpest. 

 

6. Does the rate of change of zebra populations (
𝑑𝑁

𝑑𝑡
) differ in the years 1985 and 2003? Use a logistic equation 

and parameter values: N0 = 175,000; r = .01; k = 200,000. 

No, at both time periods, zebras are at their carrying capacity, so the population growth rate (slope) is almost zero. 

7. How might zebra and wildebeest populations change if there was a wildfire?  
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A wildfire is a density-independent factor that would impact both zebra and wildebeest populations, unlike 

rinderpest, which only impacted wildebeest. Thus, both populations would decline in size. 

 

B. Modeling human populations 

1. Based on what you know about human population sizes over time, what kind of growth model do you think 

might fit human populations? Why?  

While a logistic model might seem like a good guess for human populations (humans certainly have limited resources 

and are running out of new settlement areas), exponential models actually describe the historical growth of human 

populations well.  

 

2. Find a graph of human populations over time. Did this graph fit your prediction?  

Example graph: www.bbc.co.uk/staticarchive/60ffe788879d84ab3b78640162184c46fb999721.gif 

 

3. Can this growth trend continue? 

No, it is not possible for human populations to continue to increase without limit. However, human growth rates are 

beginning to slow as countries develop, so growth might fit a logistic trend in the near future. There is considerable 

debate over what human carrying capacity might (or should) be. If human populations continue growing 

exponentially, humans will eventually exceed their available resources, as would any other animal. 
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