
L ab 2

I n t r o d u ct i on L ast week we invest igat ed 1-D cont inuous ° ows using a populat ion m odel.
T his week we wil l use p opulat ion m odels as exam ples of 2-D cont inuous ° ow s. I n
order t o get a t wo dim ensional m odel we m ust st udy two populat ions at once and
t o get som e int erest ing behav ior we w i l l assum e t hat t he t wo populat ions int eract
in som e way (ot herw ise we would j ust get two unrelat ed p opulat ions each of which
would b ehave in exact ly t he sam e way as t he exam ple we st udied last week) . I n
Exercises 1 and 2 we wil l use bot h ST EL L A and M A PL E t o st udy t he dynam ics
of t wo populat ions t hat are com pet ing for t he sam e food supply. For exam ple, a
populat ion of rabbit s and a populat ion of sheep com pet ing for grass in t he sam e
m eadow. I n Exercise 3 we w i l l st udy t wo populat ions t hat have a predat or -prey
relat ion , i .e. l ions and gazel les.

E x er c i se 1 . R ab b i t s an d Sh eep W e ¯ rst need t o set up a m odel in ST E L L A t hat
represent s t he sit uat ion of t he two p opulat ions com pet ing over a ¯ xed food supply.
I f t hey didn ' t com pet e we would j ust draw t wo separat e versions of last weeks
m odel , one for t he rabb it s and one for t he sheep. T his is where we st ar t , see F ig.1.
N ow we need t o draw connect ions t hat re° ect t he fact t hat t hey are com p et ing. I t
st ands t o reason t hat i f t here are t oo m any rabbi t s t hat t he sheeps food supply w i l l
be t hreat ened and t heir deat h rat e w i l l increase. T he sam e would b e t rue i f t he
roles were reversed. A ccordingly, we connect R abbi t s t o deat h rat e 2 and Sheep t o
deat h rat e 1 as shown in F ig.2.

Set t he in i t ial populat ions of R abbi t s and Sheep t o sim i lar values, i .e. b ot h som e-
where near 1. M ake a graph of R abbi t s and Sheep on t he sam e plot and w it h t he
sam e scale. P r int t h is graph for your por t fol io. Change your param et er values and
see i f t he shapes of t he graphs change. D o bot h populat ions surv ive as t ! 1 ?
Can you ¯ nd values for t he in i t ial populat ions such t hat ( i ) t he rabbi t s surv ive and
t he sheep do not ( i i ) t he sheep surv ive and t he rabbi t s do not .

E x er c i se 2 . T he fol low ing is a set of di®erent ial equat ions descr ib ing t he dynam ics of
our t wo com pet ing populat ions where x ( t ) st ands for t he number of rabbi t s at t im e
t and y( t ) st ands for t he number of sheep.

_x = x (3 ¡ x ¡ 2y ) (1)

_y = y (2 ¡ x ¡ y ) (2)
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W e wi l l use M A PL E t o plot t he cor resp onding vect or ¯ eld. O p en M A PL E in our
class folder and ent er t he work sheet lab el led \ C om pet ing Populat ions" exact ly as
i t appears in F ig.3. G raph one of your vect or ¯ elds for your por t fol io. B y look ing at
t he vect or ¯ eld and plot t ing di®erent in i t ial condit ions see i f you can ¯ nd answers
t o t he quest ions posed at t he end of Exercise 1.

T he fol low ing set of di®erent ial equat ions prov ides a sim ple m odel of two popula-
t ions w it h a predat or -prey relat ionship l i ke L ions L ( t ) and G azel les G ( t ) .

_G = G (1 ¡ L ) (3)
_L = L (G ¡ 1) (4)

A s in Exercise 2, ent er t he work sheet lab el led \ P redat or and Prey " exact ly as i t
app ears in F ig.4. G raph one of your vect or ¯ elds for your por t fol io. W hat k ind of
behav ior do you see? D oes t h is reasonably m odel t he sit uat ion at hand?
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