Témata pro kolokvium

. Simulujte rust populace strukturované do ti{ vékovych tiid s externi variabilitou. Projekéni
matice populace je

0 h(t) 5h(t)
03 0 0
0 05 0

Hodnota h(t) je pfitom realizace ndhodné veli¢iny s logaritmicko-normdlnim rozlozenim se
stfedni hodnotou 1 a rozptylem 0,05.

Vypoéet pro ¢asové rozpéti 0-50 proved'te alesponi padesatkrat. Zobrazte priimérnou celkovou
velikost N (t) = n1(t) + na(t) + ns(t) populace ze vsech simulaci a rozptyl této veli¢iny v
zéavislosti na case.

. Simulujte rust populace strukturované do tii vékovych t¥id s interni variabilitou. Projekéni
matice populace je

0 g(N) 59(N)
03 0 0
0 05 0

Piitom N = N(t) = ni(t) 4+ na(t) + ns(t) je celkovd velikost populace a funkce g je ddna
vztahem g(N) = eV, kde b je kladn4 konstanta.

Vypoéet provedte pro éasové rozpéti 0-50, hodnoty b volte 2, 20, 200, 400, 500. Zobrazte
celkovou velikost N (t) v zdvislosti na case.

. Uvazujte populaci strukturovanou do vyvojovych stadii, tj. populaci, jejiz vyvoj je modelovan
pomoci projekéni matice

Q1 F» F3 Fy Fr_1 Fj
P Q2 O 0 0 0
0O P, Qs 0 ... 0 0
0 0 P Q 0 0
O 0 0 0 Qr1 O
O 0 0 0 Po1 O

Urcete stabilizovanou strukturu populace a vektor reproduktivnich hodnot, najdéte podminku
pro prezivani populace.

. U populace ¢lenoveu byly pozorovany abundance jednotlivych vyvojovych stadii v Sesti
casovych okamzicich.

t | larvy kukly imaga
0| 5,32 24,84 115,50
1] 0,33 18,16 167,16
2| 241 17,14 159,25
3| 2,06 3,25 112,87
4| 1,70 2,08 132,62
51 3,16 11,23 149,62

Najdéte parametry modelu vyvoje této populace metodou maximélni vérohodnosti.

. Uvazujte populaci jednoletych bylin, jejichz vyvoj je roz¢lenén podle ro¢nich obdobi. Rostliny
kvetou a produkuji semena na konci 1éta. Nékterd ze semen na podzim vykli¢i a prezimuji
jako sazenicky, jind pfezimuji a vykli¢i az na jare. Ozimé rostlinky maji naskok v rustu,
takze z nich vyrostou stfedni nebo velké rostliny, z jarnich pouze malé nebo stfedni. Matice



popisujici jednotlivé fdze mohou byt

bii 0 0,3 0
Bjaro = [ b21 b2 | = [ 0,1 0,6], Bito= (011 C12 013) = (1 10 100),
0 b3 0 0,2

B o (du) _ (05 B — fir 0\ _ /0,06 0
pozdni léto — d21 - 0,5 P zima — 0 f22 = 0 071 .

Vétsi sazenicky (ozimé) tedy maji vetsi sanci vyrist. Cim vétsi je rostlina, tim vice semen
produkuje. Rostlinka je mrazem méné zranitelnd, nez semeno. Tato populace rostlin je hy-
potetickd, ale je inspirovéna redlnou populaci. (A. R. Watkinson, The population ecology of
winter annuals. in H. Synge (ed.) The biological aspects of rare plant conservation, Wiley,
NY 1981, p. 253-265.)

Vypocitejte rustovy koeficient populace, jeho citlivost na slozky matic B;, i € {jaro, léto,
pozdni 1éto, zima}, a jeho pruznost vzhledem k témto slozkdm.

. Uvazujte populaci potemniku, kterd se vyviji podle modelu

L(t+1) 0 0 be~Cerk(t)=cead®)\ /T (t)
Pt+1) | =1{1-m 0 0 P |,
At +1) 0 e oAl 1 — pia A(t)

kde L(t), P(t) a A(t) oznacuje mnozstvi larev, kukel a dospélcu v ¢ase t. b = 50 je pocet
vajicek nakladenych jednou samici za jednotku casu, u; = 0,5 a u, = 0,3 jsou pfirozené
umrtnosti larev a dospélct, cer, Cea, Cpa Vyjadiuji ,silu kanibalismu* larev na vajicka, dospélcii
na vajicka, dospélcu na kukly.

Nakreslete prubéh abundanci jednotlivych stadii a najdéte takové hodnoty koeficientu c,;,
Cea, Cpa, Zze v modelu je stabilni rovnovazny bod a stabilni cyklus délky aspoii 2.



Possible colloquial projects

. Simulate evolution of a population structured to three age classes with external variability.
The projection matrix is

0 h(t) 5h(t)
0.3 0 0
0 0.5 0

The value h(t) represents a representation of random variable with log-normal distribution
with expected value 1 and deviation 0.05.

Simulate the evolution in the time range 0-50 at least 50 times. Plot the average total size
of population N(t) = n1(t) + na(t) + n3(t) and its deviance computed from the simulated
data.

. Simulate evolution of a population structured to three age classes with internal variability.
The projection matrix is

0 g(N) 59(N)
03 0 0
0 05 0

Here N = N(t) = n1(t) + na(t) + ns(t) is the total size of population and the function g is
defined by the formula g(N) = ", where b is a positive constant.
Provide the computation for the time range 0-50, values of the constant b chose 2, 20, 200,
400, 500. Plot the total size N (t) of population dependent on time.

. Consider a stage structured population, i.e. the population modeled by means of the projec-
tion matrix

Q1 F» F3 Fy Fr1 Fy
PL Q, 0 0 0 0
0 P Qs 0 0 0
0 0 P Q 0 0
0O 0 0 0 Q1 O
O 0 0 0 Pey Ok

Determine the stabilized structure and reproductive values of the distinct stages and try to
find a condition for the population survival.

. Abundances of the distinct developmental stages of an arthropod population were observed

in six time instants.

t | larvae puppae adults
0 5.32 24.84 115.50
1 0.33 18.16 167.16
2 2.41 17.14 159.25
3 2.06 3.25 112.87
4 1.70 2.08 132.62
5 3.16 11.23 149.62

Estimate the parameters of the model using maximal likelihood method.

. Consider a population of annual plants. The year is divided into four seasons. The life cycle
starts in spring time with seedlings that may be small or large. In summer, the plants flower
and they may be small, medium or large amount. The flowering plants produce seeds in
autumn. During the winter, seeds or overwintering autumn seedlings survive. The surviving
seedlings are large in the following spring, the overwintering seeds produce Small spring



seedlings. The matrices describing the indicated developmental phases are

b;n 0 03 0
Bopring = | D21 D22 | = | 0.1 0.6 |, Bsummer = (c11 12 c13) = (1 10 100),
0 b3 0 0.2

B ~ (dn) (0.5 B _(fu 0Y_ 005 0
autumn — d21 - 05 ) winter — 0 f22 - 0 01 .

The greater seedlings have greater chance to survive. The greater plant produces greater
amount of seeds. A seed is more easily injured by frost then a seedling. The described
population is hypothetical but it is inspired by a real population. (A. R. Watkinson, The
population ecology of winter annuals. in H. Synge (ed.) The biological aspects of rare plant
conservation, Wiley, NY 1981, p. 253-265.)

Calculate the growth rate of the population, the sensitivity and the elasticity of it to changes
in the entries of the matrices By,.

. Counsider a population of flour beetles (genus Tribolium) that evolves according the model

L(t+1) 0 0 be~celt)=cead®)\ /[ (¢)
Pit+1) | =[1-w 0 0 P(t) ],
At +1) 0 e Al 1— g A(t)

where L(t), P(t), and A(t) denote larvae, pupae, and adults. The coefficient b = 50 denotes
amount of eggs oviposited by one female during unit time interval, y; = 0.5 and p, = 0.3
are mortality rates for larvae and adults, c¢i, ceq, Ccpo measure a rate of cannibalism of eggs
by adults, eggs by larvae, and puppae by adults, respectively.

Plot the time dependent amount of the distinct stages and determine the values of the
coefficients cej, Ceq, Cpa such that the model posses stable equilibrium and stable 2-cycle.



