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2. (a)  = 012− 000062 + 000001.  = 008 + 000004.

The  terms represent encounters between the two species  and . An increase in  makes  (the growth rate of )

larger due to the positive term 000001. An increase in  makes  (the growth rate of ) larger due to the positive

term 000004. Hence, the system describes a cooperation model.

(b)  = 015− 000022 − 00006 = 015(1− 750) − 00006.

 = 02 − 0000082 − 00002 = 02(1− 2500)− 00002.

The system shows that  and  have carrying capacities of 750 and 2500. An increase in  reduces the growth rate of  due

to the negative term−00002. An increase in  reduces the growth rate of  due to the negative term −00006.

Hence, the system describes a competition model.

3. (a) = 05− 00042 − 0001 = 05(1− 125)− 0001.

 = 04 − 00012 − 0002 = 04(1− 400)− 0002.

The system shows that  and  have carrying capacities of 125 and 400. An increase in  reduces the growth rate of  due

to the negative term−0002. An increase in  reduces the growth rate of  due to the negative term−0001. Hence

the system describes a competition model.

(b)  = 0 ⇒ (05− 0004− 0001) = 0 ⇒ (500− 4− ) = 0 (1) and  = 0 ⇒
(04− 0001 − 0002) = 0 ⇒ (400−  − 2) = 0 (2).

From (1) and (2), we get four equilibrium solutions.

(i)  = 0 and  = 0: If the populations are zero, there is no change.

(ii)  = 0 and 400−  − 2 = 0 ⇒  = 0 and  = 400: In the absence of an -population, the -population

stabilizes at 400.

(iii) 500− 4−  = 0 and  = 0 ⇒  = 125 and  = 0: In the absence of -population, the -population stabilizes

at 125.

(iv) 500− 4−  = 0 and 400− − 2 = 0 ⇒  = 500− 4 and  = 400− 2 ⇒ 500− 4 = 400− 2 ⇒
100 = 2 ⇒  = 50 and  = 300: A -population of 300 is just enough to support a constant -population of 50.

4. Let (),(), and () represent the populations of lynx, hares, and willows at time . Let the ’s and the ’s denote

positive constants, so that a plus sign means an increase and a minus sign means a decrease in the corresponding growth rate.

“In the absence of hares, the willow population will grow exponentially and the lynx population will decay exponentially”

gives us  = +1 and  = −2. “In the absence of lynx and willow, the hare population will decay

exponentially” gives us  = −3. “Lynx eat snowshoe hares and snowshoe hares eat woody plants like willows” gives

us encounters that lynx win, hares lose and win, and willows lose. In terms of growth rates, this means that  = +1,

 = −2 + 3 , and  = −4 . Putting this information together gives us the following system of

differential equations.

 =− 2 + 1

 =− 3 − 2 + 3

 = + 1 − 4
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5. (a) At  = 0, there are about 300 rabbits and 100 foxes. At  = 1, the number

of foxes reaches a minimum of about 20 while the number of rabbits is

about 1000. At  = 2, the number of rabbits reaches a maximum of about

2400, while the number of foxes rebounds to 100. At  = 3, the number of

rabbits decreases to about 1000 and the number of foxes reaches a

maximum of about 315. As  increases, the number of foxes decreases

greatly to 100, and the number of rabbits decreases to 300 (the initial

populations), and the cycle starts again.

(b)

6. (a) At  = 0, there are about 600 rabbits and 160 foxes. At  = 1, the number

of rabbits reaches a minimum of about 80 and the number of foxes is also

80. At  = 2, the number of foxes reaches a minimum of about 25 while

the number of rabbits rebounds to 1000. At  = 3, the number of foxes

has increased to 40 and the rabbit population has reached a maximum of

about 1750. The curve ends at  = 4, where the number of foxes has

increased to 65 and the number of rabbits has decreased to about 950.

(b)

7. 8.

9.



=
−002 + 000002

008− 0001
⇔ (008− 0001 ) = (−002 + 000002)  ⇔

008− 0001


 =

−002 + 000002


 ⇔

 
008


− 0001


 =

 
−002


+ 000002


 ⇔

c° 2016 Cengage Learning. All Rights Reserved. May not be scanned, copied, or duplicated, or posted to a publicly accessible website, in whole or in part.

1


