
Carrying Capacity 

 

Background 

Have you ever heard of a plague of locusts?  In the 1870s, locusts devastated the American West.  It sounds like 

something that would never happen in our modern world, but locust outbreaks are still a major agricultural 

threat in the Middle East and Africa.  

 

Essentially, a plague of locusts is a huge swarm of adult grasshoppers traveling together.  Young grasshoppers 

hop, but the adults can fly.  Swarms of locusts have been described as being so numerous as to block out the 

sun.  An observer in 1875 collected data by telegraph and telescope and estimated that one swarm covered an 

area 180 by 2900 kilometers and up to nearly 1 km deep while flying.  That swarm was large enough to have 

covered New York, Pennsylvania, and New England in a layer of locusts!  

 

Once a swarm lands, it can cover the ground 10 – 15 cm deep in grasshoppers.  A swarm can eat a field of plants 

down to the bare ground in hours, and they do not stop with plants.  They will chew on wood, cloth, paper, and 

even one another.  

 

Where do all those locusts come from?  And where do they go?  Fortunately, plagues are rare.  They happen 

only if the conditions are just right for the grasshopper population to explode.  The rest of the time, the 

grasshoppers are solitary and not especially numerous.  In fact, the species that once plagued the American West 

became extinct in the early 1900s.  

 

PART I: Bean Counting 

In this activity you will be using beans to represent individuals in a population as you figure out how the size of 

the population changes over time. 

 

Materials: white board, dry erase marker, dry erase eraser, cup of beans w/lid, calculator 

 

Procedure: 

1. Draw six large boxes on the white board. 

2. Label the first box “time = 0” and the next box “time = 1” and continue 

until the last box is labeled “time = 5”  

3. Set up a table in your lab notebook like Table 1.  

4. Count out five beans and put them in the box labeled "time = 0." This is 

your starting population.  Record the number on your table.  

5. Assume that the population growth rate (r) is 2.0.  In other words, at each 

time interval, the population is double the size of the population in the 

previous time.  Be sure to record the rate in your notebook.  

6. Calculate how many beans will be in the next time interval, and count them out into the box labeled "time = 

1."  Record the number in your table. (This is one iteration of this model.)  

7. Repeat Step 5 until you have completed "time = 5."  

8. Return all the beans to the cup. 

9. Repeat from Step 2 three more times, assuming the following population growth rates:  

r = 1.5 

r = 0.7  

r = 1  



10. If your calculation results in a "partial bean," just round down to the next whole number.  In other words, if 

you calculate 4.7 put out 4 beans.  

11. Answer the questions in the Results & Analysis section. 

 

PART II: Bean Bird Island 

In this activity, you will model the population size of bean birds.  This population does not meet the assumptions 

in the model you used in Activity 1, so you will set up a more complex model.  
 

Birth Rate  

The bean birds in question are the population of a small island.  Each nesting pair defends a nesting range, the 

size of which determines how many young they can raise in one season.  There are 32 small territories, each of 

which is the minimum space required for successful breeding.  A given pair of birds can occupy from 1 to 4 of 

these territories, and they will have a corresponding number of offspring (1, 2, 3, or 4) during each breeding 

period.  As population increases, though, competition causes the ranges to shrink to the minimum-size 

territories.  
 

Carrying Capacity  

Each small territory can support two breeding birds and one "helper” and still produce one offspring.  (A helper 

is usually an offspring from the previous breeding season that cannot get a territory of its own and stays to help 

its parents raise the next brood.)  The carrying capacity of the island is 96 birds: 32 breeding males, 32 breeding 

females, and 32 helpers.  
 

Immigration and Emigration  

Strong prevailing winds effectively prevent immigration.  Any adults that cannot find a place in one of the 

territories are driven away from the island and must look for other places to live.  
 

Death Rate  

You will first assume a constant death rate of 0.1.  Then, you will repeat the calculations using a rate of 0.2.  

 

Materials: Bean Bird Island map, cup of beans w/lid, calculator 

 

Procedure: 

1. Set up a table in your lab notebook like Table 2.  As 

in the previous model, each row represents one  

iteration of the model.  Carrying capacity is 96. Use 

0.1 for the death rate. 

2. Place four beans on the diagram of Bean Bird Island.  

Separate the beans into two pairs, and place each 

pair in the center of four small territories.  For time 

0, write in "4" under "Number in population."  

3. Calculations:  

Number of breeding pairs:  

Divide the population by 2; single birds cannot reproduce.  Remember that the island accommodates 

only 32 breeding pairs.  

Number of offspring:  

Each breeding pair will have one offspring per small territory in the breeding range controlled by 

that pair. 

Number of deaths:  

Multiply the death rate by the number in the population at the beginning of the time interval; round 

down to the nearest whole number.  



Number driven off:  

Add together the starting number of birds and the number of offspring, and then subtract the number 

of deaths and the carrying capacity; if the number is less than 1, write in "0."  

Number in population (to start next iteration):  

Add together the starting population and births, and then subtract the number of deaths and birds 

driven off.  

Population growth rate:  

Divide the number in the population for the next iteration by the number in the population for this 

iteration.  
 

 Use the beans to help you visualize what is happening to the population during each time interval.  They 

will help you keep track of how many territories each pair controls.  
 

 As the population grows, the range controlled by each pair of birds decreases.  
 

4. Repeat the calculations until the population count of bean birds stays the same for three consecutive 

iterations.  

5. Answer the questions in the Results & Analysis section. 

 

PART III: Computer Modeling 

As you completed PARTS I and II, it may have occurred to you that computers can calculate iterations much 

faster than you can.  In this activity, you and your partner will set up a spreadsheet that performs the same 

calculations you made in PART II.  Then, you will change some parameters and calculate the effect on the 

population. 

 

Materials: computer w/MS Excel 

 

Procedure: 

1. Open a new spreadsheet and in the fourth row set up the columns shown below. (Using the fourth row 

leaves space to add labels at the top later.) 

 

2. In the fifth row of the "Time Interval" column (column A) type in "0."  In the sixth row, type "=A5+1" and 

hit return.  Copy this cell and paste it into each cell of column A through row 15.  Excel should fill in the 

numbers 0 through 10.  (When you copy and paste a formula, Excel automatically adjusts the cells referred 

to; for example, in the seventh row, the formula will read "=A6+1")  

3. Type "4" in cell B5, for the population number at time 0.  The rest of column B will be filled in later.  

4. For the number of breeding pairs, you want to find half the number in the population (=B5/2).  If the 

population count is an odd number, though, you must round down to the next even number (since half a pair 

cannot breed).  Excel's ROUNDDOWN function can round the value of B5/2 down to the next full integer 

(zero decimal places) as follows: "=ROUNDDOWN(B5/2,0)".  Since there are only 32 territories, there 

cannot be more than 32 breeding pairs (the rest of the adults are helpers).  You will use Excel's IF function 

to set an upper limit to the number of pairs.  To put these calculations into one formula, in cell C5, type 

"=IF((ROUNDDOWN(B5/2,0))<32,ROUNDDOWN(B5/2,0),32)".  Be sure to use all the parentheses as 

shown.  Copy this cell and paste it into the rest of column C down to row 15.  Do not worry that initially all 

the values are 0.  



5. To calculate the number of offspring, you will use the IF function again.  Remember that a pair can control 

up to four small territories and produce up to four offspring; therefore, a population of eight or more 

breeding pairs produces the maximum offspring per breeding season (i.e., 32).  In cell D5, type 

"=IF(C5<8,C5*4,32)" and then copy and paste the formula to fill in through cell D15.  What this function 

says is that if the value in cell C5 is less than 8, then the value for the cell is C5 times 4.  But if C5 is not less 

than 8, then the value of the cell is 32.  

6. The death rate is going to be 0.1 at first.  Write 0.1 in cells 5 through 15 in column E.  

7. For column F, the number of deaths will be equal to the death rate (E5) times the number in the population 

(B5), but you will need to use the ROUNDDOWN function again.  This time, click on the "fx" button next 

to the formula bar.  This can also be found by clicking on "Insert" above the menu bar.  You will get an 

"Insert function" popup.  Go to the "Math and Trig" category and then scroll down until you find the 

ROUNDDOWN function.  Select it and hit "OK". In the "number" space, type "B5*E5", and in the 

"num_digits", type "0" Click "OK". This will generate the correct formula in the cell.  Copy and paste the 

formula through cell F15. 

8. In column G, enter 96 for the carrying capacity through cell G15.  

9. The number driven off is B5+D5-F5-G5 (population plus births minus deaths and the carrying capacity.)  In 

some cases the value will be negative, and it is not possible, of course, that fewer than 0 individuals are 

driven off.  A negative value must be converted to zero, again by means of the IF function.  Click "fx" in the 

menu bar, click on the "Logical" category, click "IF" under function name, and click "OK".  What you want 

to say is that if (B5+D5-F5-G5)<0, then the value should be 0. If not, then the value is B5+D5-F5-G5.  The 

formula should read as follows: “=IF((B5+D5-F5-G5)<0,0,B5+D5-F5-G5)”. 

10. Before calculating population growth rate, go back and fill in the formula for population in column B.  The 

number for this time period is equal to the previous population + births - deaths - driven off. So the formula 

in cell B6 is "=B5+D5-F5-H5".  

11. For population growth rate in column I, simply divide each current population count by the previous count. 

In cell 5 of column I, type "=B6/B5". Copy and paste this formula through cell 15 in column I.  

12. Check your computer results against your calculated results from Activity 2. If they do not agree, you will 

need to go through and find the error.  

13. Use the first row to title this spreadsheet.  

14. Once you have corrected the computer model, copy the sheet and paste it into another sheet.  (The sheet tabs 

are at the bottom of the Excel window.) On your second sheet, change the value for the death rate from 0.1 

to 0.2. (Be sure to change the whole column.) Then, change the title to differentiate it from your first sheet.  

15. Open a third sheet, copy and paste your spreadsheet to it, and this time change the value for the death rate to 

0.5.  

16. Be sure to save your Excel file, then answer the questions in the Results & Analysis section. 

 

Results & Analysis 

On a separate sheet of paper, answer the following questions thoroughly using complete sentences.  You may 

complete your work on the computer.  Staple your work to the back of this packet. 

 

1. Write out the arithmetic you used to calculate the population size for one of your iterations. 

2. Given that: 

N = number of individuals in a population, 

t = the time interval, 

r = the population growth rate, and 

Nt = the number in a population at a specified time, 

write out the formula that represents the arithmetic that you did in question #1. 



3. Graph your results from all four values of r.  You should put all four lines on the same graph for 

comparison. 

4. What conclusions can you make about the values of r? 

5. Brainstorm ways in which an individual could be added to or removed from a population.  In other words, 

what happens in the real world that would contribute to the value of r? 

6. What assumptions does this mathematical model make?  Give a real-world example that would satisfy these 

assumptions. 

 

7. Graph the number in the population over time. 

8. How does the shape of the curve compare with that of the curves from PART I when the growth rate was 

greater than 1? 

9. How does the value for population growth rate compare with that in PART I? 

10. What are some assumptions that this model makes?  Do you think they are realistic? 

 

11. How did changing the death rate from 0.1 to 0.2 change the growth of the population? 

12. How did changing the death rate to 0.5 change the growth of the population? 

13. Explain what happens to the number driven off as the death rate increases. 

14. Explain what happens to the population in terms of carrying when the death rate increases to 0.5. 

15. What are some factors that may contribute to an increase in the death rate for a population? 

16. How would you determine the carrying capacity of a wild population?  What data would you need to 

collect? 

 

 

 


