Mathematics 172 Test 3 Name: K<¢

Show your work to get credit. ’

1. (15 points) Two species of algae live in a aquarium. Let z(t) be the population size, measured in
grams of one of the species,after ¢ days and y(t) the population size of the other species measured
in grams after ¢t days. The competition between the two species is given modeled by the equations
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(a) What are values of the following:

The carrying capacity of the z-species ? Q

The carrying capacity of the y-species ig

The intrinsic growth rate of the x species S

The intrinsic growth rate of the y species . 8'

(b) If 2(3) = 45 and y(3) = 6 compute the following

7B)=__ o239 Y(8)=_~o30Z9
X% = 13 (49)( 50— —.$)/50 |91%) = 1916) (T5—2( 45) — (&) /75

(c) Estimate the following

(35~ __4§5.017 yB3H)~ K. Y73y
AU38) % UDTA (HLS) = v ') +913L5)
0 044 395
2. (10 points) For the Leslie matrix L = |0.25 0 0
0 09 0
(a) Draw the loop diagram. 2. G¢

o a1 o~
TR

(b) If there are 100 in stage 2 this year, how many are there is stage 3 next year?

Number in stage 3 9 (/09) = q 0




3. (20 points) Consider populations of competing species modeled by the equations
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(a) If the phase space is as on the right:
(i) What are the equilibrium points?

0
Equilibrium points are ( g O)) U_ﬂ'; O)) (0/ qg)) I7C[/ 32)

(ii) Draw in the arrows showing how points are moving.

135N 77195
¢ g0 é)
(iii) What are the stable equilibrium points?  Stable points are: ( 7?. 3 Z)
J

(iv) Circle onef’ Competitive coexistence ) Competitive exclusion

(v) If 2(0) = 180 and y(0) = 6 estimate the following

2(115) ~ 79 y(115) ~ 52

(b) If the phase space is as on the right:
C"L (i) What are the equilibrium points?

(0,9) (12s) 0) (0/57)

Equilibrium points are )
OQ (ii) Draw in the arrows showing how points are mcﬂllng
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(iii) What are the stable equilibrium points? Stable points are: { Iqr! 0! (O, é 7 !

(iv) Circle one: Competitive coexistence Competitive exclusion

(v) If (0) = 180 and y(0) = 6 estimate the following

z(115) =~ I a @’ y(115) ~ O




4. (20 points) Parsley is a plant that lives for two years. We consider three stages. Stage 1:
seedlings, Stage 2: one year olds, Stage 3: two year olds. The life history of a population of parsley

in an abandoned garden is given by the following loop diagram.
11.8
Seedlings @ @
(a) What is the Leslie matrix? ).
L= Z 6 O
O 3 ©

(b) What does the number .2 mean?

Thas ty +he PV o v Yo a# -ngl[u(ej -}L«a*l' y
ouU
(c) What does the number 11.8 mean? Suvwve o hcoue € ?"0“’ «'0%

The awwvage viawhsr of oS vy o o
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(d) What proportion’ of the seedlings live to be one year old?

The proportion is . Z

(e) What proportion of the seedlings live to be two years old? _
The proportion is  (» Z) (.37) = -0/

(f) If this year there are 80 seedlings, 16 one year olds, and 6 two year olds, then after 20 years
how many are in each stage and what proportion are in each stage?

Number in each stage:

Stage 1 13, 66 Stage2  2%5-%6% Stage 3 8»57@

Proportion in each stage:

Stage 1 17‘? ’ Stage 2 A5 5 Stage 3 <05 3




5. (20 points) The x-species and y-species are competing for common resources. This competition
is modeled by the following system of diffeglemntial equations

dy
i yg(x,y)

The phase diagram of this system is given by

Y f(z,y) is positive below the dotted line and negative above it.

g(x,y) is positive below the solid line and negative above it.
. a
“flzy) =0

200,

(a) What are the equilibrium points?
The equilibrium points are: (0,@? (74 o

(b) Draw in the arrows showing which way points are moving in each of the regions of the phase
diagram.

(c) What are the stable equilibrium points? /
The stable equilibrium points are: ( o ) 6 o\

(d) If £(0) = 100 and y(0) = 80 estimate x(100) and y(100).
x(100) ~ 21{0 y(100) ~ €O

(e) If (0) = 100 and y(0) = 0 estimate x(100) and y(100).

2(100) ~ y(100) ~

(f) If there are none of the y-species present, then what is the carrying capacity of the x-species?

r-carrying capacity is l< S/—

(g) How would you describe this model? Circle one: ¢g@mpletive_coexistence)
completive exclusion, x-species dominates, or y-species domainates.




6. (15 points) A rain barrel has a population of yeast which is preyed on be a population of
parameciums. Let V(¢) be the weight in grams of the total yeast population on day ¢ and P(t)
the total weight of the parameciums in on day ¢t. Model the growth of the two populations by the
equations

dv

— =0.25V — 0.006V P

dt

dP

i —.015P 4+ 0.001V P
(a) What is the intrinsic growth rate of the yeast?

The growth rate is 5

(b) What is the death rate of the parameciums?
The death rate is cOLT

dP
(c) Draw the phase space labeling the lines where o 0 and g 0 and put in arrows showing
the directions that points are moving.
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