
M7116 Strukturované populačnı́ modely

Caswellův model: Populace strukturovaná do dvou stadiı́

15. 3. 2021



Fibonacciovi kr álı́ci

0 1 2 3 4 5 6 7

0
5

10
15

20
25

30
35

t

si
ze

0 1 2 3 4 5 6 7

0
5

10
15

20
25

30
35

t

si
ze

0 1 2 3 4 5 6 7

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

t

pr
op

or
tio

n

0 1 2 3 4 5 6 7

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

t

pr
op

or
tio

n

(
n1

n2

)
(t+ 1) =

(
σ1(1− γ) ϕ

σ1γ σ2

)(
n1

n2

)
(t)

σ1 = 1, σ2 = 1, γ = 1, ϕ = 1

A =

(
0 1
1 1

)

λ1 = 1.61803, v1 =

(
0.38197
0.61803

)

λ2 = −0.61803, v2 =

(
0.61803
−0.38197

)

A2 =

(
1 1
1 2

)

A3 =

(
1 2
2 3

)

a an1 a an2 a an1 + n2
a aαλt

1



Rostoucı́ iteroparnı́ populace
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n1

n2

)
(t+ 1) =

(
σ1(1− γ) ϕ

σ1γ σ2

)(
n1

n2

)
(t)

σ1 = 8
9
, σ2 = 2

3
, γ = 1, ϕ = 1

A =

(
0 1
8
9

2
3

)

λ1 = 1.33333, v1 =

(
0.42857
0.57143

)

λ2 = −0.66667, v2 =

(
0.6
−0.4

)

A2 =

(
0.88889 1.33333
0.59259 1.33333

)

A3 =

(
0.59259 1.33333
1.18519 1.48148

)

a an1 a an2 a an1 + n2
a aαλt
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Stabilizovan á iteroparnı́ populace (1)
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(
n1

n2

)
(t+ 1) =

(
σ1(1− γ) ϕ

σ1γ σ2

)(
n1

n2

)
(t)

σ1 = 7
9
, σ2 = 2

3
, γ = 1

7
, ϕ = 1

A =

(
2
3

1
1
9

2
3

)

λ1 = 1, v1 =

(
0.75
0.25

)

λ2 = 0.33333, v2 =

(
0.75
−0.25

)

A2 =

(
0.555556 1.33333
0.14815 0.55556

)

A3 =

(
0.51852 1.44444
0.16049 0.51852

)

a an1 a an2 a an1 + n2
a aαλt
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Stabilizovan á iteroparnı́ populace (2)
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(
n1

n2

)
(t+ 1) =

(
σ1(1− γ) ϕ

σ1γ σ2

)(
n1

n2

)
(t)

σ1 = 3
4
, σ2 = 1

2
, γ = 1

3
, ϕ = 1

A =

(
1
2

1
1
4

1
2

)

λ1 = 1, v1 =

(
0.66667
0.33333

)

λ2 = 0, v2 =

(
0.66667
−0.33333

)

A2 =

(
0.5 1
0.25 0.5

)

A3 =

(
0.5 1
0.25 0.5

)

a an1 a an2 a an1 + n2
a aαλt
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Stabilizovan á iteroparnı́ populace (3)
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)
(t+ 1) =

(
σ1(1− γ) ϕ

σ1γ σ2

)(
n1

n2

)
(t)

σ1 = 8
9
, σ2 = 1

9
, γ = 1, ϕ = 1

A =

(
0 1
8
9

1
9

)

λ1 = 1, v1 =

(
0.5
0.5

)

λ2 = −0.88889, v2 =

(
0.52941
−0.47059

)

A2 =

(
0.88889 0.11111
0.09877 0.90123

)

A3 =

(
0.09877 0.90123
0.80110 0.19890

)

a an1 a an2 a an1 + n2
a aαλt

1



Vymı́rajı́cı́ iteroparnı́ populace
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)
(t+ 1) =

(
σ1(1− γ) ϕ

σ1γ σ2

)(
n1

n2

)
(t)

σ1 = 7
9
, σ2 = 1

9
, γ = 1, ϕ = 1

A =

(
0 1
7
9

1
9

)

λ1 = 0.93922, v1 =

(
0.51567
0.48433

)

λ2 = −0.82811, v2 =

(
0.54701
−0.45299

)

A2 =

(
0.77778 0.11111
0.08642 0.79012

)

A3 =

(
0.08642 0.79012
0.61454 0.17421

)

a an1 a an2 a an1 + n2
a aαλt
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Stabilizovan á semelparnı́ populace
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)
(t+ 1) =

(
σ1(1− γ) ϕ

σ1γ σ2

)(
n1

n2

)
(t)

σ1 = 1, σ2 = 0, γ = 1, ϕ = 1

A =

(
0 1
1 0

)

λ1 = 1, v1 =

(
0.5
0.5

)

λ2 = −1, v2 =

(
0.5
−0.5

)

A2 =

(
1 0
0 1

)

A3 =

(
0 1
1 0

)

a an1 a an2 a an1 + n2
a aαλt

1



Vymı́rajı́cı́ semelparnı́ populace
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(
σ1(1− γ) ϕ

σ1γ σ2

)(
n1

n2

)
(t)

σ1 = 8
9
, σ2 = 0, γ = 1, ϕ = 1

A =

(
0 1
8
9

0

)

λ1 = 0.94281, v1 =

(
0.51472
0.48528

)

λ2 = −0.94281, v2 =

(
0.51472
−0.48528

)

A2 =

(
0.88889 0

0 0.88889

)

A3 =

(
0 0.88889

0.79012 0

)

a an1 a an2 a an1 + n2
a aαλt
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Neplodn á populace (1)
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σ1(1− γ) ϕ
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)
(t)

σ1 = 1
2
, σ2 = 3

8
, γ = 3

4
, ϕ = 0

A =

(
1
8

0
3
8

3
8

)

λ1 = 0.375, v1 =

(
1
0

)

λ2 = 0.125, v2 =

(
0
1

)

A2 =

(
0.01563 0
0.18750 0.14063

)

A3 =

(
0.00195 0
0.07617 0.05273

)

a an1 a an2 a an1 + n2
a aαλt
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Neplodn á populace (2)
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2
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, γ = 3

4
, ϕ = 0

A =

(
1
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0
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)

λ1,2 = 0.125, v1 =

(
1
0

)

v2 =

(
0
1

)

A2 =

(
0.01563 0
0.09375 0.01563

)

A3 =

(
0.00195 0
0.01758 0.00195

)

a an1 a an2 a an1 + n2
a aαλt
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