Mathematics 172 Test 2 Name: Key

You are to use your own calculator, no sharing.
Show your work to get credit.

1. (20 points) Some species killifish breed just once a year and live to be a most two years cld. We
look at three life stages. Stage 1: hatchling, Stage 2: one year old, and Stage 2° two years old. The
life history of a population of killifish living in the ponds, puddles, and streams of a small island is
summarized by the loop diagram:
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(a) What is the Leslie matrix? - o '337 &

(b) What does the number 4.8 mean?
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(¢) What does the number .337 mean? T\e puoyav "70'“ JFA ol 2 1ueh ",“B
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(d) What proportion of hatchlings live to be two years old? Proportion is o6 3‘3'5

C-H9)X(.337) = - 06393

(e) If this year there are 502 hatchlings, 81 one year olds, and 26 two yea: olds, then zfter 2J
years how many are in each stage and what proportion are in each stage?
Number in each stage:

Stage 1 560,13 77 Stage2  103.Lo2 Stage 3 55,098
Yut) = 67%.549

Proportion in each stage:

Stage 1  » 702 Stage 2 ¢ l1g Stage3 «0%¢
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2. (20 points) A population of killifish on a different island has its life history summarized by the

Leslie matrix:
0 48 1.2
L=10.204 0 0
0 0255 0

This matrix has an eigenvalue of A = 1.02 and an eigenvector of

i

(a) What is the per capita growth rate? r=_A=1=,02
(b) What is the stable age distribution? Proportion in Stage 1: % = . %‘
AN eigonpalsr 1y ot T |
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Proportion in Stage 3: =002

(c) If the population has settled down to its stable age distribution and i some year there are
200 hatchlings, then how many hatchlings are there the next year?

T he [y eunsn g Fia The number of hatchlings is 2049.
et ot tia  sluave disiv buhawv s g 2.

00U +02)(200) =20y

3. (20 points) For the initial value problem

dP P
— =1 1—— P0)=1
— SP( 20) (0) = 15

(a) Do two steps of length of Euler’s method of length h = .25 to estimate /(.5).
< ey | Proy=-15"115)( /—___é% =.5620 P(5)~ 15.279
Pl-29) % Pro) +Pio) oy = 15 HGse23(-28) = 16, 14)
. e } — -~
¥02: plasyn aacUse) (| = B = 59

P(S) = PL-25) + PL25)(-25)
= 15041+ L.55).25)= 15, 27T
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(b) Estimate P(79)~. C'O‘N‘)llnﬁ C‘Uﬂ”ﬁi‘l’y:zu P(79)



4. (20 points) The following are phase diagrams for the equations

_d_x__r Ki—z—ay
dt K,
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dt Ky

of competing species.
(a) Fill in arrows showing in what direction that points are moving in each region. P
Lﬁ@tﬁ ';— [+

(b) What is K;?
Y o K = “ )
‘: (c) What are the rest points?

Rest points are: (6:9), (97,0),10,5%) , (s, qgj
7 7 7

5 F @_ (d) What are the stable rest 2)oints?

" \ (15,45
é) ) L_,L Stable points are: 1) 49¢)
2, o (e) If z(0) = 15 and y(0) == 50 estimate z(100)
2\ “ and y(100).
% o (100) ~ ) 5
" i s ot T /
dz 0 dy \ y(100) ~ 75
s === F
il dt — Covnaresos o tlae sible pyat

(f) Which of the following describes the long term behavior of this system (circle one).
Completive coexistence Completive exclusion
xr-spectes dominates y-species dominates.

g) If there is no z-species present, what is the stable y-population size?
p BHIGH _
G = 4 —cavvy 4\’-‘.'6’14:,"*;/ Stable size is 5¢

(h) Assume that to begin with there are no y-species present and there is a stable z pooulation
of size 47. Then 5 of the y-species is introduced. What happens in the long run?
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5. (20 points) The figure below is the phase space for the system

dz
dy
. i yg(z.y).
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f(z,y) = 0 on this curve and is positive below it.

(a) Fill in the arrows showing what direction points are moving in each region.

(b) What are the rest points? Rest points are: (¢, 0‘)} {Leo, g"’; y (O CHO)
(c) What are the stable rest points Stable points are: (0, 90

‘ y
(d) If there is no z-species present, what is the carrying capacity for the y-spacies?

Capacity is Af [0

(e) If there is no y-species present, what is the carrying capacity for the z-species?

Capacity is cOO

(f) If at first there is no y-species present, and the z-species is at its carrying capacity and 30 of
the y-species are introduced to the region, then what happens in the long run?
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