Matika na divoko a v divocCiné:
evoluce, ekologie a modely

Pavel Drozd (Ostravska univerzita)
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,Matematika je jazyk, v némz je psana kniha prirody.” (Galileo Galiei)




Zivot ekologa: predstava

BIOLOGIE | VYZKUM

myzi vegetariani
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685 #boxplots size vs Pesticid

686 par(mar=c(4.2,4.4,2,1),mfrow=c(3,2),las=1)

687 ~ for (i in kmp) {

688 mkonc<-c(0,6.25,12.5,25,50,75,100)

689 mdatl<-plotny[plotny$Kmen==1 & plotnyiKonc==0, ]
690 mnl<-tapply(mdatl$Size,mdatliPesticid,mean,na.rm=T)
691 boxplot(Size-Pesticid,mdatl)

692 title(main=1)

693 points(1:4,mnl,col="[§&]",pch=15)

694 - 1
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696

697 #boxplot size vs Kmen

698 par(mar=c(4.2,4.4,2,1) ,mfrow=c(2,2),las=1)

699~ for (i in pestp) {

700 mkonc<-c(0,6.25,12.5,25,50,75,100)

701 mdatl<-plotny[plotny$Pesticid==1 & plotny$Konc==0,]
702 mnl<-tapply(mdatl$size,mdatliKmen,mean,na.rm=T)
703 boxpTlot(Size~Kmen,mdatl)

704 title(main=i)

705 points (1:6,mnl,col="[§&]",pch=15)

706~ 1
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695:1 [ 4] KORELATOR inhibice s inhibici 2

Console  Terminal Background Jobs

(R R4.2.2 - Di/Cloud/GoogleDisk/DiplomkyhSAktual/2025 Vita Chobot/

R i b

> load("D: /Cloud/GoogleDisk,/DiplomkyMmsaktual /2025 vita Chobot/RdataNew.RData")

» summary (Im(sporul$Inhibice ~ growth$Inhibice))

call:
Tm{formula = sporul$Inhibice ~ growth$Inhibice)
Residuals:

Min 10 Median 30 Max

-57.663 -23.927 -0.956 24.204 53.843

Coefficients:

Estimate Std. Error t value Pr(=|t|)
(Intercept) 24.9517 8.6834 2.873 0.00705 *=
growth$Inhibice 0.4111 0.1888 2.178 0.03669 *

signif. codes: 0 ‘#==" (.001 ‘*=" 0.01 **’ 0.05 *." 0.1 *~°

Residual standard error: 31.48 on 33 dearees of freedom
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@ mdatl 30 obs. of 5 variables
@ plotny 838 obs. of 5 variables
sizemax num [1:6, 1:4] 100 100 100 100 100 100 100 100 100 100 ...
sizemin num [1:6, 1:4] 10 10 10 10 10 10 10 10 10 10 ...
@ sporul 35 obs. of 1 variable
D spory 838 obs. of 5 variables
values
i "Sanium”
b "A_muscarius”
kmp chr [1:6] "A_muscarius" "B_bassiana" "B_pseudobassiana” "C_fumosorose..
kms chr [1:6] "A_muscarius" "B_bassiana" "B_pseudobassiana” "C_fumosorose..
kp 1
ks 1
mkonc num [1:7] 0 6.25 12.5 25 50 75 100
mnl num [1:6(1d)] 42.2 36 64.7 53.5 34.5 ... -
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THE VIRTUAL LABORATORY

 model driven biology
— teoreticka biologie (teorie her, ESS)

— matematicka biologie (fraktaly, populacni modely)
— systémova biologie (metabolické sité, signalni)

HANS MEINHARDT

WHE

ALGORITHMIC
BEAUTY
OF SEA SHELLS

FourTH EDITION

* data driven biology
— biostatistika — aplikace mat. statistiky v biologii
— kvantitativni biologie — vlastni nastroje
— bioinformatika — fylogeneticka a geneticka data
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Ronald A. Fisher (1890-1962)
« maximum likelihood estimation

« fisherovska statistika (p-value, parametry
zakladniho souboru, stupné volnosti, ANOVA

« kvantitativni genetika
* matematické zakony evoluce

Robert MacArthur (1930-1972)

* modely zZivotni strategie, ostrovni biogeografie

Robert May (1936-2020)

* modelovani populaci

John Maynard Smith (1920-2004)
« evolucné stabilni strategie
William Hamilton (1936—2000)

« koeficient prfibuznosti, geometrie sobeckého stada

zaklady moderni genetiky a neodarwinismu
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Nature Vol. 261 June 10 1976 459

EVOLUTION

INTERNATIONAL JOURNAL OF ORGANIC EVOLUTION

review article runmsED s

THE SOCIETY FOR THE STUDY OF EVOLUTION

Simple mathematical models with very

lo . Vol. 17 DECEMBER, 1963 No. 4
complicated dynamics

* .
Robert M. May AN EQUILIBRIUM THEORY OF INSULAR ZOOGEOGRAPHY
First-order difference equations arise in many contexts in the biological, economic and social sciences. RoperT H. MacARTHUR! AxD Ebwarp O. Wirson® PoOGROGRAPIY d
Such gquations, even though simple and deterministic, can exhibit a surprising array of dynamical amat
behaviour, from stable points, to a bifurcating hierarchy of stable cycles, to apparently random near

fluctuations. There are consequently many fascinating problems, some concerned with delicate
mathematical aspects of the fine structure of the trajectories, and some concerned with the practical
implications and applications. This is an interpretive review of them.
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NATURE WOL. 246 NOVEMBER 2 1973
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The Logic of Animal Conflict

J. MAYNARD SMITH

School of Blelogical Sciences, University of Sussex, Falmer, Sussex BN1 890G ;
Letter Published: 19 December 1970
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Galton Laboratory, University College London, 4 Stephenson Way, London NW1 SelﬁSh and SpltEful BEhaVlour ln an Evo‘utlonary
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1 Conflicts between animals of the same selection
species usually are of “limited war” . s Related P 3 Chat with
a type, mot causing serious injury. This mh:;eg; [1 save QO Related Papers 53 Chat with paper
is often explained as due to group or goes to 1
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*matematika jako nastroj (pomuicka) pro popis
biologickych fenomenu a interpretaci interakci

Studenti (nizsi rocniky)

» dotaznikové $etfeni na OU, neoblibend (uz od SS)

* ucitelstvi biologie malo v kombinaci s matematikou

» ,biologii chci studovat, protoze je tady malo matematiky“

Studenti (vyssi rocniky)
* obava, Ze budou potrebovat (alespon statistiku)

Biologové absolventi a doktorandi
e ohromna vyhoda, pokud nékdo znalosti ma




Tim Harford
Na rybnice rostou lekniny, jejichZ plocha se S EsSea=== JAK CIST
kazdy den zdvojnasobi. Jestlize lekniny za ", T CISLA
48 dni pokryji cely rybnik, za jak dlouho jimi | s> ' i e
zaroste jeho polovina? TSR

Predmét Vysledek testu

argo / dokofén

Vaieni studenti,
testy nedopadly moc dobfe, ale nezoufejte. Dalsi terminy jesté stale jesté jsou.
Par poznamek pro ty, kdo to budou zkouset znova:
- linearni funkce opravdu nema zvonovity tvar
- ano, distribuéni funkce popisuje pravdépodobnost, ale ta nemuize byt od minus nekonetna do plus nekonecéna
- Zadny rozptyl jste nemuseli poditat, méli jste ho napsany v zadani (pokud jste vedéli, Ze se znadi of)
- testovou hodnotu pro t-test znadime t a pravdé&podobnost nastani uréitych hodnot zjistujeme z t-rozdéleni (totéZ pro F-test :)
- pravdépodobnost ze je pofet vajec mensi nez 3, znamena Ze seftu pravdépodobnosti pro 0, 1, 2

Zdrawi
P.D.

Zaklady statistiky pro pfir. védy (1. ro¢nik)



e pravdépodobnost mlze mit i ,, komplikovanéjsi“ podoby

*selsky rozum a trochu zjednoduseni

* priklady senzitivita a specificita |ékarského testu

* Bayesova véeta
P(A| B) = P(A)P(B|A4)

P(B)

Nasonia vitripennis — parazitioid, 72 % populace
tvofi samice, odchylka od poméru pohlavi (local
mate competition)

80 % neobsazené
P(samec)= 5 %
P(samice)= 95 %

20 % obsazené
P(samec)= 90 %
P(samice)= 10 %

Jaka je pravdépodobnost, ze byla kukla podruhé
parazitovana (A), kdyz zjistim, Ze klade samce (B)

parazitovana sex P(AN B)

he 0.8 f 0.95 0.76
m 0.05 0.04

ano 0.2 f 0.10 0.02
m 0.90 0.18

0.05x 0.8 0.04

=0.181

P(A|B) = =
(4lB) 0.05x08+02x09 0.04+0.18

paraz

Pfednaska: Zaklady statistiky pro
pfir. védy (1. ro€nik)



evyzaduje pouze zakladni znalosti priniku a sjednoceni pravdépodobnosti

* Hardy-Weinberg equilibrium predpoklady
— diploidie, sexualni reprodukce, diskrétni model
— panmixie: nekonecne velka populace, nahodné krizeni

r - (AV{I,) T
— bez selekce, bez mutaci, bez migrace (4va)

dvé varianty genu (alely) s riznou pravdépodobnosti P(X=A) = p, P(X=a) =g
jakeé alely ponese nahodné vybrany jedinec

(Ava)A(AVa)

pug)n(puqg) =Q
p+q)-p+q) =1

p-0 010203040506 0,708009 1
q-1 09080706 0504030201 0  prednaska: Populacni

ekologie (4. roénik)

p? +2pg+q¢ =1

AA Aa aa



*|logaritmizace poctu jedincl na ose Y umozni odhadnout, kdy je mira
rustu u dvou populaci stejna

e umoznuje zobrazit rozdily v malych i vysokych hodnotach v jednom grafu

14000 100000
12000
= nopulacel 10000 = nopulacel
10000 s populace? —pnopulace2
s pOpulace3 1000 s pOpUlace3
8000
6000
100
4000
10
2000
0 1
1 2 3 4 5 b 7 8 9 10 11 12 1 2 3 4 3 6 7 8 9 10

" Prednaska: Uvod do biologie
1. ro¢nik



*rychlost rustu se musi linearné ménit v zavislosti na hustoté jedincu
*kdyz je jedincu malo — blizi se rychlost exponencialnimu rustu
e kdyz dosahuje nosné kapacity prostredi, je rychlost nulova

* Pierre Francois Verhulst 1838 — logisticka rovnice (po cetbé Malthuse) gt grom:

— znovuobjevena 1920 (Raymond Pearl), 1925 Alfred Lotka | carrying capacity (K) of environment
* rUst musi byt dan funkci, ktera

se ménis N, tZﬂ.f(N) Aa A=1[0,], N=0,f(0)=r 2
* nejlépe pfimka (2 body) T <
f(N) =bN +a A e T

%Iﬁ 2 YERNULET.
N ag JW) =bN+a B= [K,0], N=K, f(K) = 0
B 0 - ;\\ . B 0 o .
h = Y2 Vi — _ a :T T K N, — K
X, —x; K-=0 K L™ epa-1t 41
dN r N N dN K—N
_ —_—— . — =7 _
T ( N r) y = KN
N, Prednaska:

Populaéni ekologie
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* Hypotéza: PoCetnost vazky stoupa v dusledku oteplovani
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Pocet ¢lanki ve WoS s klicovym slovem Odonata
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Cislo Casto zjednodusuje interpretaci, ale ...
* Cisla nelze slepé interpretovat

* predsudky a Spatné chapani ,,matematiky“

vedou ke slepé interpretaci

1800's 1980

1990
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*druhova diverzita (D) znamena rozmanitost druhu
—pocet druht (species richness) a proporcni zastoupeni druht (eveness)
—indexy druh. diverzity byvaji povazovany za univerzalni indikatory v ekologii

7

Claude E. Shannon Norbert Wiener Warren Weaver Edward H. Simpson Léon Brillouin George Yule Mark O. Hill
,otec” informatiky sotec” kybernetiky matematik matematik fyzik lingvista ekolog




* plvodné mira informacni entropie
—mira nejistoty hodnoty znaku pri nahodné generovanych hodnotach
— ,kolik potrebuji informace (v bitech), abychom urcili nasledujici znak”
—vysoka diverzita znakl = vyssi entropie, uniformni proporce = nejvyssi entropie

El:

AAABAAAAABAAAAAA H=054
ABBBABAAABBABAAB H=100

BCBACBCCABBABCAB H=1,54

# results for first keywords
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3000

2500

2000
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# thsd. resu



* 100 publikaci (2023 —2024), ve kterych je pouzit ShannonUv index
—v 65 clancich autori nekomentovali hodnoty indexu (pouze spocitali)

—v 63 ¢lancich autofi nepouzili standardizaci velikosti vzorku
(srovnavaji se vzorky 20 jedincu a 200 jedincu)

—v 68 clancich autori neuvedli zaklad logaritmu pro vypocet

—v 17 pripadech byl index pocitan pro vzorky s méné nez 20 jedinci

Editor's Choice and Farum

Avoiding erroneous citations in ecological research: read before
you apply
Martin Sigut, Hana Sigutova g, Petr Pyszko, Ale Dolny, Michaela Drozdova, Pavel Drozd

First published: 24 April 2017 | https://doi.org/10.1111/0ik.04400 | Citations: 1

Read the full text » “* PDF %, TOOLS = SHARE

Abstract

The Shannon-Wiener index is a popular nonparametric metric widely used in ecological
research as a measure of species diversity. We used the Web of Science database to
examine cases where papers published from 1990 to 2015 mislabelled this index. We
provide detailed insights into causes potentially affecting use of the wrong name ‘Weaver'
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biolo gy Biol. Letr. (2007) 3, 678-681

* Procaryota (Bacteria a Archaea)
—2,1-4,3 mil. druht

* Eucaryota (,vyssi“ organismy)
-1,74-2,1 mil. druhu
— odhady v rozsahu kolem 8—10 milionu

* roCné popsano 18 — 19 000
» odhady poctu se dost lisi

A

Ietters Published online 18 September 2007

Evolutionary biology

Are we underestimating 10000
the diversity and incidence
of insect bacterial
symbionts? A case study
in ladybird beetles

Lucy A. Weinert"*, Matthew C. Tinsleyz,
Matilda Temperley' and Francis M. Jiggins'
! Institute of Evolutionary Biology, University of Edinburgh,
Edinburgh EH9 33T, UK 100
2School of Biological and Environmental Sciences,

Unzversity of Stirling, Stirling FK9 414, UK

*Author for correspondence (lucy.weinerti@ed. ac.uk).
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ECOLOGY

Tropical Arthropod Species,
More or Less?

Robert M. May

NATURE|Vol 4489 August 2007

www.sciencemag.org SCIENCE VOL329 2 JULY 2010
Published by AAAS

BIODIVERSITY

World of insects

Nigel E. Stork

When it comes to understanding patterns of biodiversity, oursis a
little-known planet. Large-scale sampling projects, as carried out in two
investigations of insect diversity, show a way forward.
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Historicky okamzik: Jak zhruba na to?

* Kolik je druht clenovcu (Arthropoda) v tropech?
—clenovci = hmyz + stonozkovci + korysi + klepitkatci
—Terry Erwin 1982, Panama, fumigace (fogging)
—koruny stromu Luehea seemannii (19 jedinct)

e zakladem odhadu je hmyz
—vybrani brouci (tvori 40 % ¢lenovcu)
—idealni jsou herbivorni brouci (zerou rostliny)

© Rutgers University " A
lashomb - '




*9000 jedincti, 1200 druh( broukd

—682 druhu herbivorlt na jednom druhu stromu :::z:llsvtzn 22;
‘pFed poklady canopy (koruny) 66 %

—drevin v tropech = 50 000 druh( brouci/arthr. 40 %

—neherbivofi u broukl = 20 % herbivord drevin (tropy) 50000

—fauna korun = 66 % celku
—brouci = 40 % ¢lenovcu |
—specialistd je 20 % unikatnich pro druh COLEOPTERA AND OTHER ARTHROPOD SPECIES

The Coleoptensis Bulletin, 36(1):74-75. 1982,

TERRY L. ERWIN

National Museum of Natural History, Smithsonian Institution,
Washington, DC 20560

0.2 x 682 x 50 000 x 1.2 / (0.66 x 0.4) = 31 mil.

specialisté herbivori druht stromd herbi ioh celek z korun celek z celkové
vtropech ~ NENEIBIVOTNICN o omy brouk &lenovcli



*PNG, 50 rtizné pribuznych druht strom
* pres 1000 druhu testovanych herbivoru
* pres 60 000 jedincl herbivoru

* kolik je druht ¢lenovcl v tropech?
—Erwin: 136 specialisti — 31 mil.
—Novotny et al.: 33 specialisti — 3.6—5.9 mil.

NATURE| VOL 416 | 25 APRIL2002 | www.nature.com #4 © 2002 Macmillan Magazines Ltd

Low host specificity of herbivorous
insects in a tropical forest

Vojtech Novotny*, Yves Basset, Scott E. Miller:, George D. Weiblens,
Birgitta Bremer||, Lukas Cizek* & Pavel Drozd9




Kdyz se potka ekolog s matematikem

WHY DO MATHEMATICIANS
LIKE NATURE PARKS?

|
LOVES:SCIENCE

< | BECAUSE OF ALL THE
B ’ P BN NATURALLOGS.
<L w _ ;' | |

(@)} {EXCERTFORPHYSICS  CHEMISTRY/AND ;

‘ ¥ MATHEMATICS




* ekologové matematiku potrebuiji (ti dobri si to uvédomuiji)
* matematici ekology moc nepotrebuji, ale mohou se podilet
na zajimavych c¢lancich

* musi naji spolecny jazyk (zpocatku bez odbornych terminu)
* biolog musi:
— pfiznat, ze jeho data jsou Casto fuzzy, neuplna a nékdy nahodna

—tolerovat zjednoduseni
— chapat, ze model neni pravda, ale nastroj

* matematik musi
— prijmout, ze vstupni parametry jsou nekdy proste ,vibe“
— tolerovat realitu (,,ekolog ji zpocatku chce popsat®)
— chapat, ze biolog prikyvuje i kdyz je mimo
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Katedra biologie a ekologie
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