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LETTER

Pathogens and insect herbivores drive rainforest
plant diversity and composition

Robert Bagchi'?, Rachel E. Gallery™”, Sofia Gripenberg"*, Sarah J. Gurr™®, Lakshmi Narayan', Claire E. Addis',
Robert P. Freckleton” & Owen T. Lewis'

doi:10.1038/nature12911
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Figure 1 | Suppression of insects and pathogens alters seedling community  across all species (b); and the mean abundance-weighted Morisita-Horn
composition and diversity, respectively. a-c, Effects of insecticide (Engeo) dissimilarity in species composition for seedlings under each treatment

and two fungicides (Amistar and Ridomil) on the mean effective number of compared to seeds in adjacent seed traps (c). The error bars represent the 95%
species recruiting as seedlings (a); the mean seedling abundance summed confidence intervals of the mean across the 36 stations.
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Patterns of bryophyte and vascular plant richness

in European subalpine springs

Lucia Sekulova - Michal Hijek - Petra Hijkova
Eva Mikulaskova - Alexandre Buttler -
Vit Syrovatka - Zuzana Rozbrojova
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Fig. 4 Comparison of overall f-diversity of spring vegetation
in the three study regions for vascular plants and bryophytes. fi-
Diversity (dispersion of groups) of vascular plants was highest
in Swiss Alps and lowest in Western Carpathians while no
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Fig. 1 The location of vegetation plots in the study regions. The country codes are indicated
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difference was found for bryophytes (ANOVA and subsequent
Tukey's post hoc test). BG Bulgarian mountains, SA Swiss Alps,
W Western Carpathians
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SPECIAL FEATURE: PERMANENT PLOTS

Weather fluctuations drive short-term dynamics and long-term
stability in plant communities: A 25-year study in a Central

European dry grassland
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FIGURE 5 Ordination (principal coordinate analysis) of repeated
surveys of seven permane{:t plotps on Dévin Hill oveT' ;51 yearf (a) FIGURE 7 Ordination plots of partial distance-based redundancy analysis (db-RDA}, showing the effect of precipitation and temperature
: on the dynamics of grassland community composition on Dévin Hill. Plot identities were used as covariates in the model. Effects of

First and second axis, (b) first and third axis. Each plot is indicated
by a unique colour with the lines connecting the consecutive years.
The asterisks and arrowheads represent the start (1993) and end
(2018) years of the repeated survey, respectively [Colour figure can
be viewed at wileyonlinelibrary.com]

precipitation and temperature are indicated by blue and red, respectively. Dark and light colours represent the current-year seasons and
previous-year seasons, respectively (compare Figure 2). Results of Monte-Carlo permutation test for all constrained axes: p = 0.001 (under )
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PRIMARY RESEARCH PAPER

Comparison of diatom community structure from epilithon
and fish guts: implications for inferring past changes
in water quality

Tomas Besta - Milan Muska -+ Stephen Juggins *
Jakub Teésitel

Table 2 Hierarchical decomposition of variance in diatom communities sampled in the study

Hierarchical decomposition of variance Mean square P Pairwise comparisons of Sample types

Component Explained variance (%) df Sample type  Explained variance (%)  Bonferroni Py
River 47 2 235 0.066* Ep-Ba 11.6 0.003

Laocality 6.9 5 138 0.851#* Ep-Ch 17.3 0.003

Sample type 10 2 5 0.001 Ep-Sq 15.7 0.003

Residual 36.1 82 0.44 n.a.

The proportions of variance are derived from a series of (partial) RDA analyses computed for each hierarchical level. The next higher
hierarchical component was used as a covariate in analyses of variance accounted by Localities and Sample types. P value is based on
a Monte-Carlo permutation test with 999 permutations. The species data were log-transformed prior analyses. Epilithic samples were
excluded from hierarchical decomposition of variance, whereas they were used in pairwise comparisons of sample types. Pairwise
comparisons of sample types are based on three partial RDAs (localities nested within rivers used as covariales) containing only
samples relevant for the individual pairwise analyses. Due to the multiple testing, P value was adjusted using the Holm-Bonferroni
method (Holm, 1979)

HAFig. 2 Cluster dendrogram based on Bray-Curtis dissimilari
ties consimucied with using average linkage in package vegam
First twa [eiters of the mame are relaled to Sample type: Ep
epilithon, Ba Boerbar barbus, Ch Chondrestoma rosus, Sg
Sgquaiias ceplalivs. Fecond thwo leifers are related 1o bocality
aconrding Fig. 1
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OSNOVA PREDNASKY

O

O

O

O

O

O

Priprava dat pro numerické analyzy

typy sbiranych dat, Cisténi dat, odlehlé body, transformace, standardizace, EDA

Design ekologickych experimentu

manipulativni experimenty vs. pozorovani

Indexy druhové bohatosti

alfa, beta a gama diverzita, akumulacni druhova krivka, rarefaction

Ekologicka nepodobnost

indexy nepodobnosti mezi vzorky

Ordinace

linearni vs. unimodalni, pfima vs. neprima, artefakty, ordinacni diagramy,
permutacni testy, rozklad variance, parcialni analyza, prikladové studie

Klasifikace

hierarchicka vs. nehierarchicka, aglomerativni vs. divisivni




SOFTWARE
o R—umi vse potrebné, zadarmo+kvaI|tn|graf|ka ovladani
pres prikazovy radek e

* Balicek Vegan (a dalsi)
o R -=https://cran.r-project.org/bin/windows/

Jari Oksanen

o CANOCO 5 - ordinacni analyzy, diagramy, odpovedni krivky
druhd, graficky interface

Cajo ter Braak Petr Smilauer Jan,Suspa“ Lep$



https://cran.r-project.org/bin/windows/
https://cran.r-project.org/bin/windows/
https://cran.r-project.org/bin/windows/

LITERATURA

V Cestiné
o Lep$J. & Smilauer P. (2001) Mnohorozmérnd analyza ekologickych dat

v anglické verzi vyslo v nakladatelstvi Cambridge v roce 2003 jako Multivariate Analysis of Ecological Data
using CANOCO 5 (v roce 2014 vyslo druhé vyddni pro CANOCO 5)

o Herben T. & Miinzbergova Z. (2003) Zpracovdni geobotanickych dat v pfikladech. Cdst 1.
Data o druhovém slozeni

V anglictiné
o Legendre P. & Legendre L. (2012) Numerical Ecology (Third English Edition). Elsevier.

o Leps, Smilauer (2014) Multivariate analysis of Ecological Data using Canoco. Cambridge
University press. Nejen pro uzivatele Canoca

Webové zdroje

o David Zeleny — Analysis of community ecology data in R http://www.davidzeleny.net/anadat-
r/doku.php/en:start

o Palmer M. — Ordination methods for ecologists, website http://ordination.okstate.edu/

R friendly
o Borcard D., Gillet F. & Legendre P. (2011) Numerical Ecology with R. Springer.



http://www.davidzeleny.net/anadat-r/doku.php/en:start
http://www.davidzeleny.net/anadat-r/doku.php/en:start
http://www.davidzeleny.net/anadat-r/doku.php/en:start
http://ordination.okstate.edu/

ORGANIZACNI INFORMACE KE KURZU

o Materialy k predmétu — postupné se budou objevovat v ISu

» prednasky, priklady/data ke cvic¢eni, studijni materialy

o Cviceni
* probihat bude v pocitacové ucebné a zamérené bude na analyzu dat a jejich vizualizaci v
programu R
o Zkouska

* Vypracovani zavéreCné prace - esej

* Prezentace eseje na kolokviu




TYPY SBIRANYCH DAT
EXPLORACNI ANALYZA DAT
UPRAVA DAT PRO ANALYZU



MINOHOROZMERNA DATA




Spolecenstvo je soubor druhd, které se

DATA V EKOLOGII SPOLECENSTEV vyskytuji spolecné v prostoru a v case.
(Begon 2007)

o spolecenstvo je studovana (zavislad) ,,proménna“ (response variable)

o spolecenstvo je vicerozmérna ,, proménna“ — zaznamenana v matici (data
matrix)

o kazdy druh - jeho pritomnost nebo kvantita - predstavuje jeden rozmeér
spolecenstva

O zaznamenany vzorek spolecenstva je reprezentativni pro urcitou plochu a
dany cas

(zavisla, vicerozména proménna nemusi nutné byt tvorena druhy: mohou to byt napt.

proménné prostredi, vlastnosti druhu, atd.)

o prediktory (nezavislé proménné) popisuji najcastéji prostredi, zkoumame
jejich efekt na strukturu spolecenstva




USPORADANI DAT

1. druhova tabulka (matice)

. abundance, pokryvnosti, prezence/absence druht

2. promenné prostredi

. hodnoty nameérenych proménnych prostredi
3. (geografické proménné)

*  souradnice lokalit
4. (popisné proménné)

. dalsi proménné popisujici vzorkovaci schéma, napr. studovana oblast,
determinator organismu, vzorkujici, datum/obdobi odbéru...




TYPY PROMENNYCH

o Kategorialni (kvalitativni, nominalni, prezencné-absencni)
* napr. substrat, pldni typy, geografickd oblast
* binarni proménné (pritomnost-absence druhu)
» kategorie jsou unikatni (kazdy jedinec/pozorovéani spada pravé do jedné z nich)
* kategorie nelze smysluplné seradit
o Ordinalni (semikvantitativni)

* napr. Ellenbergovy indika¢ni hodnoty pro druhy, Braun-Blanquetova stupnice pro
odhad pokryvnosti druht

* jednotlivé stupné (kategorie) lze seradit, rozdily mezi sousednimi stupni jsou rlizné
velke

o Kvantitativni

e diskrétni (pocty jedincli, méreni s malou presnosti), rozdily mezi sousednimi stupni
jsou stejné velké

* kontinudlni (prfesna méreni, napf. mnozstvi biomasy,)




KVANTITATIVNI VS. SEMIKVANTITATIVNI

O

kvantitativni sice presnejsi

ale semikvantitativni rychlejsi a levnéjsi

trade-off mezi poctem vzorkU a presnosti

Pocet vzork( obvykle zvySuje vypovidaci hodnotu analyzy podstatné vice nez
presnost dat (zakon velkych Cisel)

semikvantitativni casto postacujici

Nebot statistika je prece soubor presnych metod, popisujicich, jak zachazet s
nepresnymi daty
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PRIMARNI DATA — PREPIS

o tabulkovy editor (spreadsheet)
* napr. Microsoft Excel
O prepisujeme co nejdriv
e zachyceni chybéjicich dat
e v poznamkach se snaz orientujeme, po Case prestanou byt srozumitelné
* dvé kopie je obtiznéjsi ztratit nebo znicit
e pritomnost dat v pocitaci podpofi jejich rychlé zpracovani

EXIF Information

File name: DSC_0260.0PG File size: 922866 bytes

t d t d t d t h File date: 2006:04:22 22:06:16 Camera make: NIKON CORPORATION
O I I le a a a a a O a eC Camera model: NIKON D70s Date/Time: 2006:04:17 18:06:08
Resolution: 3000 x 2632 Flash used: Mo

18.0mm {35mm

* jméno studie m G5
equivalent: mim
° kdo a kde data Sbiral’ Za Jaky'm uéelem Aper‘tgre: f!B.D. Whitebalance: Manual
Metering Mode: matrix Exposure: Manual
* popis experimentdlnich jednotek, objektl  |Exosure Hode: Hanualuo bracketing
 metodika sbéru dat a méreni (velmi ocenime pfi psani prace)
* popis proménnych, jednotky

* popisy zkratek

Focal length: Exposure time: 0.0008 s (1/1250)




A B C D
, , 1 |FIELD_MNO Deroceras altaicum |Deroceras laeve Euconulus fulvus
PRIMARNI| DATA — SPREADSHEET 2 |1A003 g
3 | 1ADOS
4 |1ADOS 5
5 | 14006
6 |lADOT
o Vv radcich studované AT
. B |1AD10 5
Obj@kty 9 |1a011 2
10 | 14013
* Vzorky (samples) 11 |1A015 3
’ v s
o Vv sloupcich proménné, s liaots
’ . .
kterymi objekty | 14 1A022
charakterizujeme N : i
. L _1 [Fieco Nl HINESS VEGEALTA deg lat  deg lon PREC 1 PREC 7 TMEAN 1
* Druhy (species), promeénneé 2 |170-06 95 Forest  51.50142 86.01867 13 74 -14.3
prostredi (predictors, 3 171-06 107 Forest  51.53725 85.97119 13 74 -14.3
descriptors) 4 |172-06 114 Forest  51.52756 85.96128 13 74 -14.3
53 JD201 43 Open 50.47675 87.62292 9 69 -19.6
v | k k v , 6 1D202 18 Forest 5047717 B7.60958 9 69 -19.8
,Vysvet IVKYy K promennym 7 [1D203 38 Forest 50.47833 87.60978 9 69 -19.8
B g8 JD204 39 Open 50.48056 87.01336 9 a9 -19.8
1 |FIEL[III NO IID Hlavni identifiki 9 D205 53 Open 50.47622 27.61264 8 69 -19.8
> SR 2 is!: proménna: poéet druhiic 10 D206 61 Open 50.70264 88.01653 7 67  -17.8
3 VEGEALTAZ Klasifikator datasetu na podsouk 11 JD207 38 Open 50.49731 B87.65717 9 69 -19.8
4 deg_lat Koordindty Latitude, formé&’ 12 1D208 34 Open 50.49619 87.65397 9 &9 -19.8
5 deg lon Koordindty Longitude, form 13 JD209 44 Forest 50.43617 87.58992 9 6a -19.3
6 PREC 1 Macroclimate  Sraiky leden
7 PREC 7 Macroclimate  Sraiky tervenec
8 TMEAN_1 Macroclimate Teplota leden
9 TMEAN 7 Macroclimate Teplota éervenec
10 BIO 1 Macroclimate BIOL1 =Annual Mean Temperature
11 |BIO 2 Macroclimate BIOZ2 = Mean Diurnal Range (Mean of monthly (max temp -




ZALOHA DAT

o Uchovani a zpristupnéni primarnich dat

. problematika dlouhodobé archivace a nosicl dat
(nejlepsi je stale papir bez volnych kyselin +
laserova tiskarna)

e zpfistupnéni primarnich dat (nékteré ¢asopisy, naf
Ecological Monographs, Journal of Ecology aj., to
maji jako podminku zverejnéni ¢lanku)

. ulozeni dat ve verejné dostupnych elektronickych
repositoriich (napf. Dryad Digital Repository,
www.datadryad.org) nebo databazich (napf. Cesk3
Narodni Fytocenologicka Databdaze)
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KONTROLA DAT
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e nékdy se chovaji jako odlehlé body, je tfeba IR AT

zkontrolovat plvodni zdznam a pripadné data jmu'é uos por e oo wor TN
opravit R
*  Velmi omezena moznost kontroly dat zadavanych  ¢reec: | o™ 7 s s oaw
vz . . 7 v v 7 |Fisheye 3 7096 7066 7119 7112 7394 8127
pfimo digitalné (treba do telefonu) foes | m o onm o nu iR
vV o7 ya . " 10 Fisheye:ﬁ 7093 7069 7122 7109 7397 8126
o chybejici data (missing data, NA) R
13 |Soil_1 13 3 18 10 10 o
. Mnohorozmérné metody typicky netoleruji NAs ENEET I .
v . e .o s . 16 |Soil_4 10 1 29 11 14 Z
. moznosti jejich nahrazeni (interpolace, model) 7 sols 15w B s ow
. vylouceni proménné nebo vzorku ktery ma - o e
v vaer s 21 soil_9 10 0 18 11 5 2
hodné chybéjicich hodnot 2 solio R T
ya . 24 50i|:].2 10 o 2 14 15 10
o odlehlé body (outliers) 2 sol 3 w5 w5 w
v o i = S NN al s
o dalsiupravy: d .
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33 Soil 21 7 12 2 8 9 13
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nerozliSitelnych druh() 57 o 5 o« o 1 o m




EXPLORATORY DATA ANALYSIS (EDA)

ProC EDA:
o odhaleni odlehlych bodu (outliers)
o prozkoumani rozlozeni hodnot

stredni hodnota
rozsah
tvar rozloZeni (normalita, bimodalita, seSikmenost)

o odhaleni vztahl mezi proménnymi
o posouzeni nutnosti transformace
o méla by zabrat ~20% celkového Casu studie




HISTOGRAM

Laeonereis acuta
data ze Zuur et al. 2007
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KONDICIONALNI BOXPLOT

abundance Laeonereis acuta

I — minimalni hodnota

o l Laeonereis acuta
|
© i data ze Zuur et al. 2007
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BODOVY GRAF (SCATTER PLOT)

A. outlier z hlediska B
vztahu Y a X A e

B. outlier z hlediska -
rozlozeni hodnot XiY .

C. outlier z hlediska >
rozlozeni hodnot i L -
vztahuY a X L7




BODOVY GRAF (SCATTER PLOT)

o dramaticky vliv outlierud na vysledky analyz
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BODOVY GRAF (SCATTER PLOT)
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PAROVY GRAF (PAIR PLOT)
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CO S OUTLIERY?

o automatické odstranéni z datasetu — Spatné!
o odstranéni pouze kdyz:

e data chybné zaznamenana

* nespadaji do zamysleného studovaného prostoru (sample space), napfr. v
dUsledku havarie Cisticky nad lokalitou, nebo louka rozjezdéna c¢tyrkolkami

o nekteré body se jevi jako outliery jen proto, ze je nutime do
normalniho rozlozeni

e extrémy v datech z log-normalniho nebo exponencialniho rozlozeni po
transformaci krasné zapadnou mezi ostatni




