STATISTICKE METODY:
ZISKAVANI INFORMACIi Z DRUHOVYCH
A ENVIRONMENTALNICH DAT:
VIZUALIZACE VYSLEDKU



(NE)VYHODY STATISTIKY

OTAZKY si klast jesté pied odb&rem a podle nich
naplanovat design, metodiku odbéru (experimentalni vs.
pozorovani), analyzy, grafy a testy.

Je dulezité, aby se srovnavaly porovnatelné OBJEKTY ({].
takove, které se lisi pouze, nebo hlavne studovanym
jevem a v ostatnich parametrech jsou si podobné).

Identifikace DRUHU neni tolik diilezita z pohledu
taxonomie, ale zalezi na jednotnosti urcovani;
pojmenovavat organismy jednotné napric vzorky.

Moznost vyuziti jinych taxonomickych jednotek (OTU) nez
je druh (morfotypy, rody).



(NE)VYHODY STATISTIKY

Nepouzivat PROGRAMY bez dobré znalosti metod.

Neda se urcit, ktera z METOD je obecné lepSi zalezi na
povaze dat; Casto moznost pouzit vice vhodnych analyz.

STATISTIKA neni vSemocna, nékdy z dat “nic” nevyplyva.

Usuzovani na parametry zakladniho souboru pomoci
parametr(i VYBERU. Spolehlivost tohoto odhadu.

Nejjednodussi zavislost je LINEARNI. To neznamena, Ze
predpokladam, ze svét se chova linearng, ale to, ze jej
mohu linearnim modelem aproximovat (v urcCitém rozsahu
hodnot).



(NE)VYHODY STATISTIKY

STATISTIKA neni vSemocna, nekdy z dat “nic” nevyplyva.

Usuzovani na parametry zakladniho souboru pomoci
parametr(i VYBERU. Spolehlivost tohoto odhadu.

Nejjednodudsi zavislost je LINEARNI. To neznamena, ze
predpokladam, ze svet se chova linearne, ale to, ze jej
mohu linearnim modelem aproximovat (v urCitém rozsahu
hodnot).

Podil VARIABILITY jedné promenné vysvetlene zmenami
druhé promeénne.



OTAZKY, KTERE SI LZE KLAST

otazky spojené s organismy; nenahodnost jevl
DIVERZITA — porovnavani na ruznych urovnich
SPOLECENSTVA — vyskyt druhd, podobnost, abundance
MORFOLOGIE - velikost, tvar, struktury

VYZNAMNOST FAKTORU - fyzikaln&-chemické
parametry, vzdalenost lokalit/'vzorku, sezénni zmény



TYPY DAT/PROMENNYCH

druhova, morfologicka a environmentalni data

KVANTITATIVNI — diskrétni (napf. jen uréita &isla), spojité
(méreni; pocitani bunék druhu)

SEMIKVANTITATIVNI — odhad promé&nné (procentualni:
kategorie kvantit)
KVALITATIVNI — binarni (vyskyt/nevyskyt), vicestavové

(faktory, dummy variables), rozdeleni kvantitativnich do
skupin/kategorii



TERMINOLOGIE

VARIANCE/VARIABILITA/KOVARIANCE - variance hodnot
urcité promeénné/variabilita druhovych dat (zmény v
druzich a/nebo v abundancich), variabilita morfologickych
dat (mnohorozmerna data o tvaru)/kovariance: spoleCny
vliv na variabilitu dat

(NE)ZAVISLA PROMENNA - nezavisla promé&nna:
prediktor, faktor, kovariata (odstinéni vlivu proménné na
data); zavisla proménna: response variable, sledovana
promenna



TERMINOLOGIE

DISTANCE/SIMILARITA — vzdalenost v prostoru
dat/podobnost (distance = 1-hodnota podobnosti)

SIGNIFIKANCE - pravdépodobnost sebranych dat za
podminky neexistence zavislosti (platnosti nulové
hypotézy)



METODY ANALYZ

odhad typu a intensity zavislosti promennych

JEDNOROZMERNE - zmé&ny nebo vztahy né&kolika malo
promennych; popisna statistika, analyza variance
(ANOVA), korelace/regrese; druhy pres indexy diverzity
nebo podobnosti

MNOHOROZMERNE - zjednodu$eni mnohorozmé&rnych
dat; shlukove analyzy, ordinaCni metody, mnohonasobné
korelace/regrese, diskriminacni analyzy

TESTOVANI — test jen pfedpokladem toho, aby bylo mozné
se o vysledcich vubec bavit



TESTOVANI

Vybrat vhodny TEST (hlavné na zakladé znalosti o povaze
dat) a rozhodnout se pro n€j pfed provedenim viastni
analyzy (nikoli zkouset mnoho testu naslepo).

Pokud nelinearni vztah hledani rtznych modelu (funkce).

Parametrickeé testy maji predpoklad urcCiteho rozdeleni
(napf. normalni — neni ¢asté u mensich vybéru a také
obecné u biologickych dat), neparametrické testy
(permutace/randomizace, poradi dle hodnot).



ZOBRAZENI DAT

vybér uzpusobit pro sdélnost a zvyraznéni dulezitych
aspektu

NEKOLIK MALO PROMENNYCH: zav. kvantitativni vs.
nezav. kvalitativni — popisna statistika, box ploty,
sloupcové grafy, xy graf pruméru objektu; zav.
kvantitativni vs. nezav. kvantitativni — korelace,
spojnicovy graf, bodovy xy graf (matematicky model), box
ploty (rozdeleni spojité promenné na intervaly); zav.
kvalitativni vs. nezav. kvalitativni — frekvencni tabulky



ZOBRAZENI DAT

NEKOLIK MALO PROMENNYCH: zav. kvantitativni vs.
nezav. kvalitativni — popisna statistika, box ploty,
sloupcové grafy, xy graf pruméru objektu; zav.
kvantitativni vs. nezav. kvantitativni — korelace,
spojnicovy graf, bodovy xy graf (matematicky model), box
ploty (rozdeleni spojité promenne na intervaly); zav.
kvalitativni vs. nezav. kvalitativni — frekvencni tabulky

MNOHO PROMENNYCH: hypotézy — PCA/DCA, NMDS,
shlukové analyzy; viiv faktort. RDA/CCA, rozdéleni
variability, Manteluv test



INTERPRETACE DAT

porovnavani vysledkd, umét Cist z grafu

JEDNOROZMERNE - predikce hodnot na zakladé
pozorovani; porovnani zavislosti mezi skupinami z hodnot
a diagramu

MNOHOROZMERNE - shluky interpretovat na zakladé
stanovist); pozor na argumentaci kruhem. Vyznamnost
parametru, zjiSténi vzajemné korelovanych parametru

(spolu-pusobeni faktoru na variabilitu druhu), rozklad
celkove variability.
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data using CANOCO.

McCUNE B a GRACE JB (2002) Analysis of ecological
communities.

MARHOLD K a SUDA J (2001) Analyza multivariaCnich dat v
taxonomii (fenetické metody).



STATISTICKE APLIKACE

komunikace pres MS Excel nebo clipboard (ctrl+c — ctrl+v)

MS EXCEL — zaznamenavani dat, pouze jednorozméerné analyzy
CANOCO — mnohorozmérné ordinacni analyzy

eRko — spiSe pres pfikazovy radek, spousta skriptu; zdarma
PAST — obycCejné grafy, tabulkove vypocCty; zdarma

PRIMER — jen mnohorozm., pocita s distancemi/podobnostmi
SIGMA PLOT — pouze kresleni grafu

ZT WIN — Mantelovy testy prostorova autokorelace; zdarma

STATISTICA, ORIGIN, S-PLUS, NCSS - jednorozmérné
analyzy, klikaci, pékna grafika graft

TPS — mnohorozmeérné morfometrické analyzy tvaru; zdarma
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Past 4 - the Past of the Future

Past is free software for scientific data analysis, with functions for data
manipulation, plotting, univariate and multivariate statistics, ecological analysis,
time series and spatial analysis, morphometrics and stratigraphy.

Past went through a complete redesign with version 3 in 2013. In 2020, version 4
was released with 64-bit support.

Past works under Windows 11, 10, 8 and 7, and Mac OSX up to and including
Sonoma.

Current version (June 2024): 4.17

SW Home GetStarted Shiny for R v Shiny for Python  Blog Q

@ ‘ Get Started  Components  Layouts  Articles  Gallery Reference Help Deploy Contribute €

Shiny Basics > Welcome to Shiny

GET STARTED Welcome to Shiny

Shiny Basics v
Welcome to Shiny Insta"ation
Build a user interface
Add control widgets Shiny is an R package that makes it easy to build interactive web applications
Display reactive output (apps) straight from R. This lesson will get you started building Shiny apps right
Use R scripts and data away.
Use reactive expressions
Share your apps If you still haven't installed the Shiny package, open an R session, connect to the
Build an App N internet, and run

Next Steps

install.packages("shiny")

Shiny comes with another package, bslib, which we'll also use to build great
looking user interfaces.



VIZUALIZACE DAT

usnadneni ORIENTACE v datech: moznost najit
zakonitosti, které stoji za to zkoumat vice do hloubky

po explorativnich analyzach se zaméfit na DULEZITE
VYSLEDKY, které jsou jadrem nadeho vyzkumu

PREDANI POSELSTVIi nejen textem ale i odpovidajicim
obrazkem, ktery muze zvysSit zaujeti i pochopeni ostatnimi



JEDNOROZMERNE ANALYZY



Taxon name Group 1 Group 3 Group 2
POPISNE TABULKY — —
Adlafia bryophila X o (0] O o o +
Chamaepinnularia australomediocris (0] + + (o) 0 + +
Fragilaria capucina morph. 2 + + + o o o
Pinnularia acidicola + o 0 + o o
Stauroforma exiguiformis + o 0 0 o o
Table 3. Variations of chlorophyll a (Chla), pheopigment (Pheop) concentrations, the mean i § 0 0 0 ©
density (Dm) and their standard deviation (S.D.) respectives of drifting algae according to the o 0 0 o 0 0
mean current velocity (Vm), the mean depth (Pm) and the hydraulic radius (rh) g 0 g 0 g
Chl. a Pheop. Dm Vm Pm rh g i g © ©
(£S.D.) (£S.D.) (£S.D.) o o X o o
pg - 11 cell - 11 m-s?' m m g © §
X
Station I Surface 046 (+024) 084 (£021) 42200 (+40310) 032 o, X o
Half depth  0.50 (£ 0.20) 0.64 (£ 0.29) 50660 (+33010)  0.27 0.15 0.024 o o o) o +
Bottom 093 (£0.75) 150 (+0.82) 55820 (+44540) 0.17 o o o + X X X
Station2 Surface 035 (£0.10) 023 (+0.12) 17710 (= 12180)  0.53 0 o X o
Half depth 038 (+0.12) 039 (0.11) 16430 (+ 12660) 034 021 0.052 0 0 o °+
Bottom 0.40 (£ 0.26) 0.50(+0.18) 16330 ( 14470)  0.22 ° °
+ o 0 o 0 (0] o
o o + o
Psammothidium stauroneioides o o 0 + o
Diademis contenta + o
' ' 0 o X
Table 3 Summary of the main ecological characteristics of the different assemblages o o +
(o) o +
Group 1 Group 3 Group 2 o o +
o o +
1 5 6 3 4 7 8 0 o o
o o o
Number of samples 62 5 10 15 - 18 18
Mean moisture class 41+09 39+£1.2 47405 33+09 3.25+0.29 28+1.0 23+0.9
Mean water pH* 6.84+0.6 6.2 69+04 6.8+0.6 - 58 6.8+0.6
Mean soil pH* 6.1+0.6 7 63+1.2 58+0.4 - 5.98+0.10 58+0.5
Mean soil conductivity® 0.174+0.08 0.09 0.40+0.20 0.23+0.12 - 0.54+0.21 0.21+0.12
(uS/cm)
Mean soil salinity® 0.10+0.04 0.05 0.23+0.12 0.13+0.7 - 0.31+0.12 0.12+0.08
Mean LOI (%DW)* 23+16 1 41+23 22+12 - 145+1.0 11+8
Mean no. of taxa 32+10 2244 21+6 24+6 19+11 30£11 33+13
Mean diversity 24+0.5 1.7+0.4 1.7+0.5 1.9+0.5 1.5+0.7 24405 23+0.7
Mean evenness 0.70+0.10 0.54+0.12 0.55+0.12 0.61+0.12 0.51+0.15 0.70+0.12 0.66+0.11

“When measured.



MATICE

Table 2
Results of Mantel tests with respect to LDV and species richness and significance of the relationships. Lower left part — calculated on the whole dataset, upper right part north-
western part (upper numbers) and south-eastern part (lower numbers).

LDV? Richness”  Age® Forest? N-gps® E-gps’ Altitude Radiation®  Precip.” PM10s-96'  Pollution’
LDV*# OlGT==E -0.23* ns* —0.47°** —0.55*** 0.43** ns 0.48* -0.77** ns
0.80*** 0.45** 0.78** —0.62*** 0.61*** 0.42** 0.21** 0.74*** -0.28** ns
Richness® 0.68*** ns -0.24** ns -0.25** 0.26* 0.31** 0.25* —0.68*** ns
0.40** 0.61** —0.61*** 0.62*** 0.32** 031** 0.56*** ns ns
. L 5 e
I?rgilre\s“c-)b'?:i?\lg:jsf?;rrl\lne::) rg;stﬁgrrr;:r;an:] grr:]a:{ns:ss (DA, p<107°) based on quantitative shape characters of - 041 027 040 = .
9 P : 028" 0.54** 041 056"  ns ns
646K O/71 460R 462R B145 HV5 HV25 O/70 647K 27L 29L 0/26 0.19° _0.19° —_020° ns ns ns
646K - 100 100 100 100 100 100 100 100 100 100 100 gars 0555 0207 069  —035° =
o/ 0 - 9.3 100 983 100 100 100 966 100 100 914 032 ns 021° _032° 038°* ns
460R 10 1 - 100 933 983 100 983 915 100 100 983 _056"* s ns J034™  Qu5e e
462R 0 0 0 - 100 100 100 100 100 100 100 100
B145 0 1 4 0 - 98.3 100 94.8 94.9 100 100 100 -0.67** ns ns 0.40%* ns
HV5 0 0 1 0 1 - 100 98.3 100 100 100 100 0.18* 036*** 0.57** ns 0.18*
HV25 0 0 0 0 0 0o - 100 100 100 100 100 .
o070 0 0 1 0 3 1 o - 100 100 100 100 033 L SV o~
647K 0 2 5 0 3 0 0 0o - 983 100 100 0126 L ns ns
27L 0 0 0 0 0 0 0 0 1 - 100 96.6 036 014 ns _028* ns
29L 0 0 0 0 0 0 0 0 0 0 - 100 e .
046 0.25
0/26 0 5 1 0 0 0 0 0 0 2 0o - s
_ - - —— 0.61*** 0.22*** 0.37** -041* ns
Lower part of matrix: number of displaced cells, upper part of matrix: percentage of correctly identified cells ns ns
into appropriate strain. First four strains Navicula cryptocephala clade |, second four strains N. trivialis clade
11, the last four strains N. cryptocephala clade II. —0.36** ns -0.17°* -0.19** ns
ns
Pollution’ -0.11* -0.17* ns ns 0.25%** -0.15** ns -0.13** ns 0.48**
Table 6
Pearson correlation coefficients between targeted environmental variables for the three datasets
pH EC* cr ™ TIN* TON* 0,% BOD,*
All pH pH All pH pH Al pH pH All pH pH All pH pH Al pH pH All pH pH All pH pH
<7 >7 <7 =17 <7 >7 <7 >7 <7 >7 <7 >7 <7 >7 <7 >7
EC* 0.69 040 026
cr 063 064 031 086 085 082
TP 0.26 ns ns 049 048 049 048 04 041
TIN* ns ns ns 026 034 02 019 031 ns ns 030 ns
TON* 032 053 ns 037 ns 039 045 045 041 062 0.76 058 ns ns ns
0,% 022 045 056 ns —0.40 ns ns —0.39 ns 025 —-031 029 ms ns ns ns ns ns
BOD* 030 052 ns 028 036 ns 031 050 ns 0.29 0.50 020 ns ns ns 061 055 061 ns ns
pGOP* 023 038 ns 021 ns ns 0.20 ns ns ns ns ns ns ns ns (.53 059 ns ns 0.70 046 0.74

* Transtormed: P < 0.05: ns: not significant.



Moznosti vizualizace korelaci:

https://rstudio-pubs-

static.s3.amazonaws.com/240657 5157ff98e8204c3

58b2118fa69162e18.html
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LITHOSTRATIGRAPHIC UNIT

SPOJNICOVE GRAFY T
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CENTROIDY/PRUMERNE HODNOTY s odchylkami
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KORELACE (bodové grafy, xy plots)
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KORELACE (bodove grafy, xy plots, scatter plots)
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SHLUKOVE ANALYZY (cluster analyses)
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Figure 6. Ordination of the samples in seasonal clusters, according the Bray & Curtis similarity index. W = Winter; SP 1 & 2 = Early Spring
& Late Spring; SU 1 & 2 = Early Summer and Late Summer; Al & 2 = Early Autumn & Late Autumn. The samples are clustered according to
the dates reported in Figure 8.
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KOMBINOVANE ANALYZY
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ORDINACNI ANALYZY
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ORDINACNI ANALYZY

Fig. 4. Canonical Correspon-
dence Analysis ordination dia-
gram showing the principal taxa
and their relationship with the
environmental variables
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Seaweed: food, fertilizer, feed, fuel

Canit be all these things - and tackle our emissions problem?

Sea Trees

Seaweed absorbs at least as
much CO2 as trees, but
without taking up valuable
land. A dry tonne of kelp
absorbs about a tonne of CO2
in its lifetime.

Ultra Fast Growing
MAX GROWTH PER DAY (cm)
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Kelp seaweed grows incredibly
quickly - it's one of the fastest
growing plants in nature.

So fast, it could be harvested for

its various uses every 90 days.

100% Sustainable, Low-Carbon Crop
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Ocean seaweed farms have
none of the major downsides
of land farming: deforestation,
over-use of fertilisers, fresh
water and fuel-burning
machinery.

Because they grow vertically,
seaweed farms use less space,
and attract aquatic life,
boosting the ecosystem.
They also sit 25m underwater
so boats can pass above.

Biofertilizer

Seaweeds contain powerful,
growth-stimulating hormones®.
They stimulate seed germination
and nutrient uptake while
protecting plants from infections.

Harvesting is simple and often
done by hand, using very little
CO2 burning fuel.

T | farms
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Seafood Diet

P
€ &

spread seaweed farms could

SUpply very

nutrient food. Great sources of
calcium, iron, magnesium,
potassium & iodine.

Plus it's very tasty!

Livestock Feed

['here’s preliminary
vidence that cattle feed

eaweel eir
1e emissions drop

between 12-58%.
In sheep, it was 80%

d s:

informationisbeautiful

Fuel for Thought

About 50% of seaweed ¢
is oil, perfect for 1792()'000 km

making biofuel.

[t vields 30x more
energy per acre than

other biofuel crops like

392,000

To switch
USA's petrol
to biofuel

Ocean Forest

Today’s wild kelp forests cover
t 76,000km? - approximately

the size of Austria. But that’s only

of the fertile ocean
Imagine if that was larger...
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