20, dz/dt = 0.4z — 0.002zy, dy/dt = —~0.2y + 0.000008zy

(a) The zy terms represent encounters between the birds and the insects. Since the y-population increases from
these terms and the z-population decreases, we expect y to represent the birds and x the insects.

e

(b) x and y are constant = z’ =0andy =0 =

0 = 0.4z — 0.002zy 0 = 0.4z(1 — 0.005y)
y = 0 and z = 0 (zero populations)
0 = —0.2y + 0.000008zy = —0.2y(1 — 0.00004zx)
ory = 6‘.3_03 =200and z = 0‘0300 < = 25,000. The non-trivial solution represents the population sizes needed

so that there are no changes in cither the number of birds or the number of insects.

© dy _ dy/dt _ —0.2y + 0.000008zy
dz  dz/dt 0.4z —0.002zy
() S At (z,y) = (40,000, 100), dz/dt = 8000 > 0, s0 as
m..,///—~\\\\\\ .
A SONNNIN t increases we are proceeding in a counterclockwise
wot | [0 NN direction. The populations increase to approximately
7 INENRNN (59,646, 200), at which point the insect population
2007 i 3 z ‘L J starts to decrease. The birds attain a maximum
A > population of about 380 when the insect population
4+ Ny -~ -
100 1xzIZZ:E ----z is 25,000. The populations decrease to about
i : (7370, 200), at which point the insect population starts
0 20000 40000 64000 to increase. The birds attain a minimum popuiation of
about 88 when the insect population is 25,000, and
then the cycle repeats.
(e) o 00; j (insects) (birds) 4 Both graphs have the same period and the bird

population peaks about quarter-cycle after the
insect population.

20,0001,

2. (a) dz/dt = 0.4z(1 — 0.000005z) — 0.002zy, dy/dt = —~0.2y + 0.000008zy. If y = 0, then
dz/dt = 0.4z(1 - 0.000005z),s0 dz/dt =0 & z= 0 or z = 200,000, which shows that the insect
population increases logistically with a carrying capacity of 200,000. Since dr/dt >0for0 <z < 200,000
and dz/dt < 0 forz > 200,000, we expect the insect population to stabilize at 200,000.

(b) = and y are constant = 2 =0andy =0 =
0 = 0.4z(1 — 0.000005z) — 0.002zy 0 = 0.4z{(1 — 0.000005z) — 0.005y]
{ = —0.2y + 0.000008zy } - {O =y(-02+ 0.000008z)
The second equation is true if y = 0 or z = T2y = 25,000. Ify =0 in the first equation, then either z =0
orz = ﬁoﬁﬁ = 200,000. If z = 25,000, then 0 = 0.4(25,000){(1 — 0.000005 - 25,000) — 0.005y} =
0 = 10,000[(1 - 0.125) — 0.005y] = 0=8750— 50y = y=175.
Case (i): y =0, z = 0: Zero populations
Case (i) y =0,z = 200,000: In the absence of birds, the insect population is always 200,000.
Case (iii): = = 25,000,y = 175 The predator/prey interaction balances and the populations are stabie.

(¢) The populations of the birds and insects fluctuate  (d)
around 175 and 25,000, respectively, and
eventually stabilize at those values.
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