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Matematicka biologie vs biomatematika
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Biologie

imunologie ECOSYSTEM

populacni genetika y
ekologie
farmakometrika
epidemiologie
fyziologie
molekularni biologie
evolucni biologie

onkologie
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Ekologie

B casové a prostorové zmény v pocetnosti organismi
B mechanismy vyvolavajici tyto zmény
M dusledky téchto zmén pro jejich budouci vyvoj
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Mor a cesty jeho prenosu

Mor: hlodavci — krysy — blechy (blecha morova) — lidé
Dyméjovy vs plicni mor (inhalace infikovanych kapének)
Stfredovék: Cerna smrt (druha morova epidemie)

Vétsina prament o krysach v souvislosti s morem viibec nemluvi
Zakaz prodeje a nakupu obnoseného satstva v dobach nakaz
Teorie miasmatu (Hippokratés, Galén)

Blecha obecna ¢i ves satni jako primi prenaseci?

Jaky typ prenosu nejlépe odpovida datim?
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Mor a cesty jeho prenosu
Dean et al. (2018)

Tri hypotézy:

Model ¢lovék-ektoparazit

B ektoparazit (blecha, ves) jako vektor prenosu mezi lidmi

Model krysa-blecha-¢lovék

B blecha jako vektor pfenosu mezi krysami, ¢lovék jako slepa vétev
Model kapénkového prenosu plicniho moru

B primy prenos mezi lidmi
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Mor a cesty jeho prenosu
Dean et al. (2018)

— Human ectoparasite model (mean) Human ectoparasite model (95% Cl)
-~ Observed Deaths ~ — Pneumonic model (mean) Pneumenic model (95% Cl)
— Rat and flea model (mean) Rat and flea model (95% CI)
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Mor a cesty jeho prenosu
Dean et al. (2018)

Validace
— Rat and flea model (mean, Rat and flea model (95% ClI
-+ Observed Deaths ( ) ) (95% CI)
— Pneumonic model (mean) Pneumonic model (95% Cl)
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Modely

Kompartmentové modely

v()

journals.plos.org/plosntds/...
article?id=10.1371/journal.pntd.0006158

Rozdéleni populace
do konec¢ného poctu trid

Agentni modely

www.liebertpub.com/doi/epub/10.1089/vbz.2012.0987

Velka flexibilita, velka datova
narocnost, velka citlivost
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Kompartmentové modely

reprodukce (B)

umirani (D)

—

/

populace
(kompartment)

_—

—

imigrace (1)

N=B—-D+I—E

emigrace (E)

zakon zachovani pocetnosti populace
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Populaéni rist

Model rlstu bakterialni populace

How E. coli Grows
00:00:00 00:20:00 00:40:00 01:00:00 01:20:00

.""

yiie

E. coli (Escherichia coli) is a type of bacteria that lives in the digestive tracts of humans and animails. It grows by splitfing in
half, through a process called binary fission.

www.collectedny.org/mathmemos/the-e-coli-problem/

Xt ... pocet / hustota baktérii v ase t
Xep1 =X+ rxp=0+r)x
Xt = xo (1 + r)! ... exponencialni (geometricky) riist
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Populaéni rast
Model ruistu bakteridlni populace

mistnost 5x 5x 3 m =75 m3

baktérie 1 mm?3

Xo = 1 ... jedna baktérie na pocatku simulace

¢asovy krok 20 minut

Po jakém cCase populace baktérii vyplni tuto mistnost?
xT=75-10%1=7.5-10"0 ... koncovy pocet baktérii
xr=x0+nN"=>T=(Unxr—Inxp)/In(1+7r)

r=1= T = 36.13 ¢asovych krokll ~ 12 hodin
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Populaéni rast

Model ruistu populace

N(t) ... pocet / hustota jedinct v ¢ase t

N’ = rychlost rozmnoZovani — rychlost umirani
N =B—D=b(N)N—d(N)N

B b(N) = b ... rychlost reprodukce na jedince

B d(N) = d ... 1/ stfedni délka Zivota

N =bN—dN=(b—d)N
N(t) = N(0) b1

exponencialni rlst
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KdyZ exponencialnimu ristu dojde dech

Bacterial Growth Curve

Death

Lag

Exponential Stationary

Bacterial Growth

Time
www.jove.com/v/10511/growth-curves-cfu-and-optical-density-measurements
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KdyZ exponencialnimu ristu dojde dech

Populace ovci v Tasmanii
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KdyZ exponencialnimu ristu dojde dech

logisticky model

— =N

a1

1——
K

Velikost populace, N

Rustova rychlost na jedince

Cas, t Velikost populace, N
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KdyZ exponencialnimu ristu dojde dech

Rast populace USA predikovany ve 20. letech 20. stoleti

Population (millions)
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KdyZ exponencialnimu ristu dojde dech
Bi-logisticky rtist: zména nosné kapacity prostredr

dN(t)
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Stavové strukturované modely
Maticové modely

(Fi+Gi R R - - F,

P, G 0 - - 0

L 0 P, G - - 0
0 P;

Go—1 O

[0 0 0 P.—1 G|

G; =0 ... Leslieho vékové strukturovany maticovy model

Perronova-Frobeniova teorie nezapornych matic 18/43



Stavové strukturované modely

Kareta obecna (Caretta caretta)

Crouse et al. (1987)

’ ‘M0

=

A /1’ ;

life-sea.blogspot.cz/2011/07/life-of-loggerhead-sea-turtle.html
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Stavové strukturované modely

eh = eggs, hatchlings,
sj = small juveniles,
1j = large juveniles,
sa = subadults,
nb = novice breeders,

re = 1st year remigrants,

mb = mature breeders.
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Stavové strukturované modely

eh

t+1

0 0 0 0 127
0.6747 0737 0 0 0
0 00486 0.6610 0 0
0 0 00147 0.6907 0
0 0 0 00518 0
0 0 0 0 08091
0 0 0 0 0
Lo = 0.945,
A1 = 0372,
1y = 0.265,

3.4 =0746 + 02134,
s =—0088 & 0.12i.

pocetnost populace klesa

S OO O N

0

[ese]
<

SO OO

0

0.8091 0.8089

eh
sj
sa
nb
re
mb
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Minimalni velikost zZivotaschopné populace

B prevence extinkce nasledkem demografické, environmentalni ¢i
genetické stochasticity

B pravidlo 50/500: alespon 50 jedinct k prevenci inbreedingu,
alespon 500 jedinct jako ochrana proti genetickému driftu

Velikost populace, N
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Minimalni velikost zZivotaschopné populace

Jaka je minimalni Zivotaschopna velikost vesmirné kolonie?

LET'S
GO WITH A
THOUSAND, JUST

TO BE SAFE. L
SOCIC P
L

“ MA‘IoBEE- -'I:WD

THOUSAND 7

A

planetpailly.com/2017/06/21/whats-the-minimum-viable-population-of-a-space-colony/
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Populaéni rist

Kdyz se exponencialni rist nem(ze nadechnout

Courchamp et al. (2008) Allee effects in ecology and conservation.

Population replacement proportion in year t
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Allee threshold

Moth density (/trap) in year t - 1
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Kdyz se exponencialni rlist nemUze nadechnout

6

exponencialni rlist .

dN
— =bN—-dN
dt

Per capita population growth rate
&)

Carrying capacity

logisticky rast

0 2 4 6 8
Population size or density

aN
- = bN— d + d N N ¢ - Weak Allee effect
ot (@ di ) .
Alleeho efekt
aN

N
—=b——N—(d+d N)N
d N+S

Allee threshold Carrying capacity

Per capita population growth rate

0 2 4 6 8
Population size or density 25/43



KdyzZ se exponencialni rist nemuize nadechnout
Courchamp et al. (2006)

o (1 X) E lik [
- =rx — — | — gEx ... velikost populace
at K q Pop

dE
i = a(p(x)qgEx — cE) ... lovné Gsili

Price increases
with rarity

G 2 bW s~
@ Price (USS per pound)

O Commercial catch per effort unit
(thousands of pounds of shell per vessel)

'
unstable stable population, x 1950 1955 1960 1965 1970 1975 1980 1985 1990 1985
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Malarie: boj proti komarim

sterile insect technique (SIT) + Wolbachia inoculation (IIT)

- .
- e Wolbochia [r—
- & e Wolbachia

' -

g O
o, SIT/IT

g 9, 57 .ﬁ

TR I

Nikolouli et al. (2018)
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Malarie: boj proti komarim
Berec et al. (2016)

dF,

dr
S
rate of change of
susceptible females

dM,
ds
H\,—/

rate of change of
susceptible males

dé,
dr
—
rate of change of
infected females

dM,
dr

rate of change of
infected males

= B A(Fw + (1 — o) FL) (Mo + My + AES) — (1 + BP)Fy,
R e

reproduction mortality

= B(I = ) A(Fy + (1 — @)rFL) (M + My, + fiES) — (1, + BP)M,,

reproduction mortality

= B AarFl, (M, + My + AES) — (1, + bP)FL,

reproduction mortality

= B(1 — g)Aar(1 — g)Fy (M + My, + f1£,5) — (1 + BPIM,, .

reproduction

mortality
_ M(Fy + P, M, + M, +,E'"S) i ., MF
(Fu +F,)(My+ M, +5S) MM =207 —.
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Malarie: boj proti komarim
Berec et al. (2016)
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Populacni interakce
Invaze veverek popelavych

1945 2010
P P None
89/ W Red squirrel
Grey squirrel

P None
W Red squirrel
Grey squirrel
Both

P None
W Red squirrel
Grey squirrel
Both
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Populacni interakce
Tompkins et al. (2003)

S, ... pocet ervenych veverek v daném okamzZiku
Sy ... pocet Sedych veverek v daném okamZiku

as,
ot =[ar—q/(S +¢c4Sg)]1 S —bS;
ds,

Nosné kapacity: K1 = (ar — b)/qr, K2 = (ag — b)/qq

Konkurencni koeficienty: ao1 = Ko/cr, a12 = K1/¢g
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Populacni interakce
Begon et al. (2006)

HE

2N
.

7N
AN
Kelozy K

Ny—

Ko > Ki/aq2, K1 < Ko/aoq
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Populacni interakce
Tompkins et al. (2003)
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Populacni interakce

parapoxvirus

www.sciencephoto.com/media/248124/view/tem-of-parapoxviruses
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Populacni interakce
Tompkins et al. (2003)

Parapoxvirus (Hy = Sy + I, Hy = Sg + Iy + Ry)
as;
at

& St 1) —bh—al
= + — —
ot B Sr(lr g r—alr

ds,
ot

=[a —q/(H + cgH))IH —bS,— B S, (I, + )

=[ag—qy(Hg+ ¢ H)IHy—bSqg— B Sy (ly+ 1)

dl,

2 =pSy g+ 1) —bly—vl,
dt

] l,—bR

dt =Yl g
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Populacni interakce
Tompkins et al. (2003)
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Populacni interakce
Tompkins et al. (2003)

Konkurence bez parapoxviru
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Populacni interakce

kuna lesni

www.discoverwildlife.com/news/pine-martens-released-into-the-forest-of-dean
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Populacni interakce

Predace kunou lesni

as,

o [a,— q/(H 4+ g H)1Hi— bS, — B S, (I + Iy)—a, S, P

al,
E=3Sr(/r+ lp)—bl—al—a I P

S
Ttg =[ag—qg(Hg+ c-H)IHy—bSy—p Sy (lg+ I.)—ay Sy P

dly
ot =BSq(lg+ ) —blg—vlg—agly P
P bR R, P

Mo bR—a

gt 0T PheT %

aP
— =..., > 4a
at g9~
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Komplexni bifurkace
Berec et al. (2017)

Infection virulence, o ®
o o
[=2] [e=] -

o
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0.2

L. Berec et al. / Thearetical Population Biology 114 (2017) 59-69

Allee effect strength, 8
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Evoluce
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adaptivni dynamika
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Bernhauerova et al. (2015), Berec et al. (2018)
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Adaptivni dynamika

J. Math. Biol. 50, 67-82 (2005) H H
Digital Object Identifier (DOI): Mathematlcal BIOIogy

10.1007/500285-004-0280-8

Stefan A. H. Geritz

Resident-invader dynamics and the coexistence
of similar strategies

Proposition 3. (“Strong invasion-fixation theorem™) Suppose that HI, H2 and H4
are satisfied, and let x € X be such that there does not exist a ¢ € R" {0} that sat-
isfies both Ds(x, x)§ = 0and §TDyas(x, x)§ = 0. Then there existsan ¢ > 0 and
a & > 0 such that every orbit of (6) starting in the interior of T¢ (J’\F(x)) converges
to (0, 1’/\1\(}')) ast — oo whenever s(y,x) > 0, s(x,y) <Oand ||y — x| <8. O
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THE MAP OF MATHEMATICS
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