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Prospektivni ekotoxikologie
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Prospektivni ekotoxikologie - cile

= zhodnoceni Skodlivosti konkrétnich kontaminantu (jednotlivych i smési) a
dalSich stresoru pro organismy

= analyza vztahu mezi koncentraci a u€inkem (,dose-response relationship®)

= kvantifikace nebezpec€nosti, hodnoceni rizik (vCetné legislativné narizeného
hodnoceni) a predikce negativnich uc€inku v realném ekosystému

» nastaveni limitnich hodnot pro (legislativni) regulaci chemickych latek,
pesticidu, 1éCiv, odpadu a dalSich materialu, které mohou vstoupit do
ekosystému (kaly, hnojiva, sedimenty ...)

= poznani déju, procesu, zakonitosti a mechanismu tykajicich se ucinku
kontaminantu (pfipadné dalSich stresoru) na biotu, osudu a biodostupnosti
kontaminantl a expozice organismu

N rws
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Retrospektivni ekotoxikologie
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Retrospektivni ekotoxikologie - cile

= poznani vazeb (kauzality) mezi vyskytem a osudem kontaminantu
(stresoru) a stavem bioty

= poznani probéhlych déju a jejich zakonitosti umoznuje odhadovat vyvoj pro
budoucnost v podobnych situacich (predikce)

= hodnoceni zasahu v realnych ekosystémech (hodnoceni hnojeni,
remediaci, posuzovani kontaminovanych mist...)

= poznani déju, procesu, zakonitosti a mechanismu tykajicich se ucinku
kontaminantu (pfipadné dalSich stresoru) na biotu, osudu a biodostupnosti
kontaminantu a expozice organismu

= pochopeni nasledku skodlivych u€inkt kontaminantu zejména na vysSich
urovnich biologické organizace
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Retrospektivni ekotoxikologie - priklad

Vliv soleni na pudni mikroorganismy

= pouzivani soli na pozemnich komunikacich - hlavni prostredek zvyseni
bezpecnosti v zimé, ALE muze mit vyrazny vliv na okolni ekosystémy

= hlavni efekty: silné zvySené hladiny chloridu a sodiku a u nékterych
posypovych materialu také tézké kovy, ferokyanidy apod.

* fada studii sledujicich efekty na vegetaci: negativni efekty pfi koncentracich
> 68 mg/kg Na+ a > 215 mg/kg ClI-

= Cl- v pudé mobilni 2 do vodnich ekosystému - chronické efekty na vodni
organismy od 200-300 mg/L

= 0 vlivech na mikroorganismy je dosud jen malo poznatku

Cernohlavkova et al. (2008)
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Retrospektivni ekotoxikologie - priklad

Vliv soleni na pudni mikroorganismy

= Cil studie:

o Sledovany tfi transekty v okoli silnice v KRNAP —

lokality v rizné vzdalenosti od silnice

o Sledovany pudni parametry, mikrobialni parametry, bakterialni testy toxicity
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Microbial biomass

Basal respiration
(ng CO,-C/g dw/h)

(ng C/g dw)

Retrospektivni ekotoxikologie - priklad

= Vliv soleni na pudni mikrooraanismv
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Kombinace pristupu

= kazdy metodicky pristup ma sva
omezeni a muze byt interpretovan
pouze s ohledem na svuj informacni

obsah a zameéreni

= optimalni je kombinace Ci prolin

obou pristupu !!!
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Terénni studie, retrospektivni
ekotoxikologie



Obecny postup

1. charakterizace lokality, pruzkum pfimo v terénu
2. definice hodnocenych parametru pfislusného ekosystému ve vztahu k
pusobeni stresu
o abioticke slozky
o biotickeé slozky
- strukturni parametry (napf. druhové slozeni, pocty, abundance ...)
- funkEni parametry (napf. toky energii a latek, procesy, bilance, resilience/resistence ...)

3. definice odbéru (vzorkovani, Cetnost, pocty)
o abiotickych sloZzek (voda, sedimenty, puda, vzduch)
o biotickych slozek (producenti — konzumenti — destruenti)

4. realizace odbéru / analyzy / hodnoceni
5. srovnani expozice vs. kontrola (!), zavery

MUNI RECETOX
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1 - Charakterizace lokality

* rozdilna charakterizace v zavislosti na typu
o terestricky ekosystem: terénni vlivy - svazitost, vegetace ...

o akvaticky ekosystém: tekouci — stojaty, hloubka - plocha, rychlost toku, Clenitost
(makrofyta ...)

= dalsi charakteristiky, ktere je treba zaznamenat:
o prevladajici poCasi, smery vetru, intenzita svétla ...
o specifické parametry (pfitomnost antropogennich aktivit, zdroje znecisténi ...)
o mMapovy zaznam

©)

MUNI RECETOX
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2 - Sledovaneé parametry

abiotické slozky

= ve kterych slozkach (voda, sediment, puda, vzduch) pusobi/il stresor ?

= kde lze predpokladat rezidua toxickych latek ?

biotické slozky

= definice organismu, které budou sledovany pro posouzeni pusobeni stresu:

o Vvztah k pusobeni stresu (pf. planktonni organismy — latky s tendenci zustavat ve
vodnim sloupci, tj. hydrofilni vs. sedimenty-hydrofobni)

o hodnocené skupiny (pf. producenti — fasy; konzumenti — zooplankton, ryby; destruentsi
— planktonni bakterie)

o klicové druhy, bioindikatory ...
o parametry hodnoceni

- strukturni (taxonomické parametry, biomasa, abundance ...)
- funkéni (produkce/respirace, potravni fetézce ...)

MUNI RECETOX 15



3 - Odbery a analyzy

odbéry a analyzy abiotické slozky
= navrh a rozlozeni vzorkovacich mist
o plosné, vertikalni — hloubka, odbéry vzduchu
= spojovani a vytvareni smésnych vzorku ("prumérny" vzorek z lokality)
= hodnoceni zakladnich chemickych parametru (obsah uhliku, pH ...)

= charakterizace a stanoveni kontaminace
o techniky analytické chemie a chemie zivotniho prostredi

= ekotoxikologicke testy realnych matric

viz specializované predmety

MUNI RECETOX
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3 - Odbery a analyzy

odbéry a analyzy bioty
= navrh a rozlozeni vzorkovacich mist
= vzorkovani — podle typu organismu ....

= charakterizace a stanoveni definovanych biotickych parametru

o techniky botanickych, zoologickych, mikrobiologickych a ekologickych disciplin
= charakterizace a stanoveni kontaminace bioty

o techniky analytické chemie a chemie zivotniho prostredi

MUNI RECETOX

17



Odbery a analyzy - priklad

= Radotin
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Techniky vzorkovani

Voda

MUNI RECETOX

Sediment
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Techniky vzorkovani

Vzduch

Pudni sonda
- pudni jadro
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Techniky vzorkovani - biota

= yoda

Planktonni sit’ky Periphyton — nérosty, biofilmy

MUNI RECE
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Techniky vzorkovani -

= voda

Benticti bezobratli
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Techniky vzorkovani - biota

= suchozemsky ekosystem

rostliny

Bezobratli
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Techniky vzorkovani - biota

= suchozemsky ekosystem

mali obratlovci

MUNI RECETOX
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Techniky vzorkovani - biota

brouci

MUNI RECETOX

mikroc¢lenovci
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4 - Vyhodnoceni

= srovnani exponovaného a kontrolniho ekosystému
= zakladni parametry srovnavanych systému by mély byt blizké (napf.
hodnoty pH, tvrdost vody, shodné geochemické parametry — podlozi ...)
= chemicka kontaminace prostredi / bioty v obou systémech
o existuji rozdily v koncentracich toxickych latek?
o existuje vztah mezi koncentraci v prostredi a v bioté?
= srovnani biotickych parametru v obou ekosystémech
o existuji rozdily v taxonomickém slozeni spoleCenstev?
o existuji rozdily v pokryvnosti-abundanci-biomase?
o liSi se potravni vztahy?
o posouzeni rezistence a resilince (jak dlouho stres pusobil a jak dlouho jiz nepusobi)
= korelace nerovna se kauzalita !

MUNI RECETOX
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Problemy v terennich studiich

= prirozené fluktuace, velky vliv faktoru prostredi

= Udaje o kontaminaci se ve vétsiné pfipad(l zamé&fuji na celkové obsahy

o S biotou ovSem reaguje jen biodostupna frakce, ktera je zavisla na mnoha faktorech
(nelze ji zcela dobfe namodelovat)

o V dusledku toho €asto nevidime kauzalitu mezi znecisténim a stavem bioty, nebo az ve
velmi vysokych koncentracich

= Pozorovane jevy maji stochasticky charakter
o Existuje prirozeny rozptyl v prostoru a Case!
o Mame dostateCné reprezentativni vzorek? Co vlastné vzorkujeme a mérime?

= Kontaminace Casto pusobi jako selekéni tlak

o dlouhodobé zatiZzeni muze vést k vytvoreni adaptaci a toleranci, ¢i dokonce stimulaci
(zejména u mikroorganismu)

o zname dobfe historii kontaminace lokality?

MUNI RECETOX



Problemy v terennich studiich

= Celkové propojeni potravnimi a ekologickymi vazbami, navaznost procesu

o Zmény v aktivité jednoho spolecenstva nebo populace ve vztahu k spolecenstvim a
funkcim, které s nim souvisi

o Inhibice jedné slozky ekosystému, muze stimulovat jinou sloZzku
= Samotné organismy mohou ovlivhovat chemické formy polutantu

o Muze tak dochazet napfiklad k opétovné mobilizaci sorbovanych forem latky Ci k
degradacim pusobenim mikroorganismu

= Problém optimalniho designu terénni studie (biomonitoringu)
o potfeba referencniho stavu - neznecisténa lokalita (srovnani s kontrolou)
o hebo velky soubor (korelace, kauzalita)
o nebo Casové trendy (BACI)

MUNI RECETOX



Potreba referencniho stavu

srovnani "pred a po" pusobeni stresu
= kontrola = stav ekosystému pfed pusobenim

= predpoklada monitoring pred pusobenim stresu (sledovani stavu abiotické a
bioticke slozky ekosystému)

= zname pozadove hodnoty a "pfirozeny" stav
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Potreba referencniho stavu

srovnani exponovaného ekosystému s jinym nezasazenym
("kontrolnim™) ekosystémem

= KkliCovy je vyber kontrolniho ekosystéemu:

o Oba ekosystémy maiji srovnatelné vlastnosti abiotické (terén, geologie, nadmorska
vyska ...)
o za normalniho stavu se predpokladaji podobné biologickeé vlastnosti (tj. shodna
spoleCenstva, potravni vztahy ...)
= odvozeni zavéru je v tomto pfipadé vzdy slozité (neexistuji dva stejné /

stejne se vyvijejici ekosystemy) g

MUNI RECETOX
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,Normalni“ stav v ekosystémech

stacionarni stav

= klidovy stav, dlouhodobé ustalené hodnoty,

= neni bézny: ekosystemy jsou pfirozené ,variabilni“ (hodnoty se dynamicky méni)
stabilni stav

= stav, kdy okolni podminky neméni podstatu véci (uvnitf muze dochazet ke
zménam/kolisani hodnot)

dynamicka stabilita / rovhovaha: homeostaza
= stav, kdy se prostrednictvim akce/reakce udrzuje dlouhodobé stabilni stav
sukcese

= ekosystemy nejsou nikdy ,stacionarni® — prochazi v Case vyvojem: cilem by méla byt
ochrana ,plynuti® — udrzovani homeorhézy

MUNI RECETOX
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,Normalni“ stav v ekosystémech

= regulatorni postoj — priklad ramcova smeérnice o vodach EU (WFD)
= cil EU WFD: “dobry” (good) stav vsech povrchovych vod v EU do roku 2020

= 2 komponenty hodnoceni kvality (“dobrého stavu”) ,ekologicka“ a
,chemicka"

Chemicka komponenta

= 3 seznamy definovanych latek

o Seznam prioritnich latek

- Dobra kvalita = koncentrace kazdé konkrétni latky < NEK (Normy environmentalni kvality,
anglicky EQS), RP-NEK — roéni primérna koncentrace, NPK —NEK — nejvySsi pfipustna
koncentrace

o Seznam sledovanych latek (,watch list”) ... je tfeba je sledovat (analyzovat) - posouzeni
v budoucnu a pfipadné zarazeni mezi “PRIORITNI latky”

o Seznam specifickych polutantd - dle plant povodi ,river basin specific pollutants)

MUNI RECETOX 32



,Normalni“ stav v ekosystémech

» regulatorni postoj — priklad ramcova smérnice o vodach EU (WFD)
= cil EU WFD: “dobry” (good) stav vsech povrchovych vod v EU do roku 2020
= 2 komponenty hodnoceni kvality (“dobrého stavu”) ,ekologicka“ a

,chemicka"
Ekologicka komponenta

MUNI RECETOX
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TRIAD

= ma dlouhou tradici

=[SO 19204 (2017): Soil quality - Procedure for site-specific ecological risk
assessment of soil contamination (soil quality TRIAD approach)

= site-specific risk assessment s tfemi liniemi evidence (LoE)
= jejich vyhodnoceni (,weight of evidence® - WokE)

chemical
analysis

triad component: (bio)assays field inventory

Chemistry

detects: contaminants o, toxic effects ecosystem impacts

l L

MUNI RECETOX ssesses: hazar mpac



TRIAD

= soucast je Skalovani
= finale je integrace
vysledku

Text Box 1. Examples on how to scale the results from two types of toxicity tests.

Scaling. Example 1. Results in percentages.

This method can be used as default when the results from the test are expressed as percentages (%), e.g.
mortality (negative effect) or survival (positive effect). Note: the results have to lie between 0 and 100%.

Scaling method 1A. Negative response in reference/control sample

Test Example: Algae light infibition

Data: Reference Site A Site B
Test results (%): 40 15 71
Step 1. Divide data by 100. R1=X /100
Reference Site A Site B
Result (R1) 0.04 0.46 on
Step Z: Scale difference between X and reference. R2 = (X — Refl / (1 — Ref) Jensen & Mesman (2006)
Reference Site A Site B
Result (R2) 0.0 0.44 0,70
Scaling method 1B. Positive response in reference/control sample
Test Example: Survival of earthiworms
Data: Reference site Integrated risk.
Test results (%): 98 a0 . .
Reference Site A Site B
Step 1. Subtract from 100 and then divide by 100 R1={100-x )1 _0F — Chemistry: —— — e
. LoE — Toxicology: 0.00 0.23 0.3
A A SMe | 0E - Ecology: 0.00 021 0.29
Result (R1) 0.02 0.6 oy : - :
) _ Step 1. Calculate log to (1-scaled result). R1 = logl1-X)
Step 2. Scale difference Demeen:;:rc‘la ;if:rence. R2 = D{S—itz Reference Site A Site B
Result (R2) 00 05 LoE — Chemistry: 0.00 -0.64 -0.80
Esu - 2 LoE - Toxicology: 0.00 01 -0.18
LoE — Ecology: 0.00 -0.10 -0.15

Mandatory reading

4 kapitola z Jensen J. & Mesman M. (2006).
Ecological risk assessment of contaminated land.

Decision support for site specific investigations.
Report 711701047. RIVM, Netherlands

MUNI RECETOX

Step 2. Average all log-values to one integrated log value. A2 = Average (X,...X,}
Reference Site A Site B
Result (R2) 0.00 -0.29 -0.38

Step 3. Transform log-values into integrated risk (IR) values. R3 = 1-(10*R2)

Reference Site A Site B
Result (R3 = Integrated Risk) 0.00 0.48 0.58
Step 4. Calculate standard deviation (Std) of the integrated results for each site, i.e. three LoE

Reference Site A Site B
Result (R4 = Std) 0.00 0.55 0.53



TRIAD -

piiklad
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Table 1

Line of Evidence

/ grey TOPSIS

N

« Sgdiment

A

WOE

Chemis Toxicity

Selection method of metric values of the better site and worse site used in the case study.

Assessment Tool

Sediment Quality

[ Risk [ Symbol

—y

Low

O

Moderate

©

Chemical metric

Toxicological metric

Ecological metric

The better site CB-TECs*®

The worse site CB-PECs ®

0.2 = (100% inhibition rate or the maximum FT1 index ©)

0.5 x ( 100% inhibition rate or the maximum FT1 index)

of benefit metric values *

of benefit metric values

0.2 « the 95th percentile of cost metric values or 0.8 = the 95th percentile

0.5 = the 95th percentile of cost metric values or 0.5 x the 95th percentile

Y

B M

Table 2
Ecological risk ranking and final management decision.

CB-TECs = threshold effect concentration of Consensus-Based Sediment Quality Guidelines (MacDonald et al., 2000).
CB-PECs = probable effect concentration of Consensus-Based Sediment Quality Guidelines (MacDonald et al., 2000).
FTlindex is the fish teratogenic index of zebrafish embryo, whose range is 0-3.

Cost metric is the metric that smaller is better, while benefit metric is the metric that bigger is better.

Ecological risk

Corresponding symbol

Sequence

Definitive final decision of overall evaluation

Low o
Moderate @
High [ ]

In front of the better site
Between the better site and worse site
Behind the worse site

No further actions needed
Additional assessment required
Management actions required




TRIAD - pfiklad

Sites Chemical LOE Toxicological LOE Ecological LOE
c+2 Sequence” Symbol® C+ Sequence Symbol C+ Sequence Symbol
Better site 0.743 3 o} 0.704 3 s} 0.766 1 o}
Worse site 0378 22 0522 11 0.682 5
51 0.721 5 0553 8 0.666 6 o
s2 0.627 17 0.405 20 o] 0.405 16 S
53 0.446 20 0.488 14 o 0314 18 o
4 0.443 21 0.777 1 o 0.494 11 o
$5 0.700 10 0.468 18 5] 0.720 2 -
36 0.690 12 0472 16 o 0.504 Sites Relax effect Strict effect
57 0.690 11 0.580 6 ® 0.499
58 0.558 18 0.471 17 L 0.167 C+* Sequence®  Symbol® C+ Sequence  Symbol
59 0.748 2 o} 0.269 22 o] 0.491
510 0711 8 0.542 9 0322 Better site 0.711 1 < 0.765 1 @]
512 0.667 15 0384 21 ° 0238 Worse site 0499 14 @ 0537 9 @
513 0718 6 0.425 19 o 0.167 .
14 0,650 16 0,681 4 ® 0.414 5_1 0.623 4 ® 0.613 3 @
515 0.722 4 0.506 13 » 0302 54 0451 18 ® 044> 18 ®
516 0.753 1 0 0.754 2 o 0.596 53 0412 19 ® 0.399 19 e
517 0713 7 0.478 15 5] 0.689 54 0538 10 @ 0.523 11 ®
518 0503 19 0.666 5 ) 0.443 . .
519 0.707 9 0520 12 ® 0.607 55_ DJ.’:-l“S ? S D‘bl_S 4 ®
520 0678 13 0570 7 0710 56 0563 8 © 0561 8 ©
521 0.675 14 0.540 10 ) 0.454 57 0.543 9 @ 0.537 10 D
58 0.390 22 ® 0377 22 ®
59 0473 16 ® 0464 16 ®
510 0482 15 ® 0473 15 @
512 0391 21 @ 0.388 21 @
. 513 0.399 20 @ 0.393 20 @
Jiang et al. (2019) 514 0526 11 0520 12 ®
515 0.464 17 @ 0455 17 @
516 0.637 3 0.626 3
517 0.609 B 0.600 B
518 0.508 13 @ 0.500 14 @
519 0.589 7 0.593 7
520 0.639 2 @ 0.629 2 @
521 0.518 12 @ 0.506 13 @
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1) Chemické analyzy ZP

viz specializované prednasky
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2) Testy ekotoxicity

viz E1240



Testy ekotoxicity

experimentalni metody (postupy, nastroje), kde jsou organismy exponovany
Fizenému vlivu kontaminantu (pfipadné jinych stresoru) za vice ¢i méné
kontrolovanych podminek a nasledné jsou vyhodnocovany ucinky na tyto
organismy, pfiéemz u€inkem muze byt (eko)toxicita, ale napf. bioakumulace

Prinos proti chemickym analyzam:

» ukazuji pfimo efekt

= nezanedbavaji biodostupnost

= posuzuji uCinky komplexni smesi + vlivy matrice
Nevyhody:

= variabilita, zivy system

MUNI RECETOX

41



Ekologicka relevance ekotox. testu

= blizkost testu (a tim i jeho vysledku) realnému ekosystému

MUNI RECETOX
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Ekologicka relevance ekotox. testu

testované organismy by mely byt relevantni — abundantni v realnych
ekosystémech, funkCné vyznamne, dostateCne citlive, pravdépodobné
exponované apod.

sledovane odpovedi by mely byt ekologicky relevantni a indikovat stav a
funkci organismu (preziti, rust, reprodukce, pfijimani potravy a mobilita)
podminky (abiotické a biotické faktory) a prubéh testu by mély respektovat
ekologii organismu a situaci v realném ekosystemu

expozicni cesty a delka expozice by mely napodobovat realne expozice a
korespondovat se sledovanymi parametry (pfi sledovani reprodukce by
meéla expozice pokryvat vétSinu zivotniho cyklu apod.)

biodostupnost kontaminantu by mely byt podobna jako v realu a
koncentrace by mély byt environmentalne realné

MUNI RECETOX
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Ekologicka relevance ekotox. testu

od zakladni varianty laboratornino testu s modelovym druhem, modelovym médiem a

standardnimi endpointy se ekologicka relevance testu zvySuje pouzitim realného meédia,

realnych druhu, realnych podminek, zapojenim subletalnich endpointd, prolongaci testu apod.

N

pro realné ekosystemy néjak upravovat, extrapolovat apod.
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testna
filtraCnim
papire

relevance

vice druh( a interakef >

realné podminky >

subletalni éinky >

fizeny
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realné druhy >

polni
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reainé pudy> mikrokosmos [

pUdni
biotest

ekologickarelevance

komplexnost systému /
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3) Bioindikace, biomonitoring



Bioindikace

metoda, kdy se na zakladé vlastnosti biologickych systému odhaduji

vlastnosti prostredi teplota

prostredi formuje zivé systémy

ar

elektromagnetické zareni

voda

\j radioaktivita

zivé systémy poskytuji informace o prostredi hluk

v sirSim slova smyslu tim oznacujeme vsechny postupy, kde sledujeme

reakce organismu (od jedincll po spolec¢enstva) pritomnych v prostredi
na stres

MUNI RECETOX



Bioindikace versus biomonitoring

= bio + monitoring

= bioindikace je postup

= biomonitoring je jeho pouziti v terénnich studiich zejména na vice lokalitach
nebo opakovane v Case

MUNI RECETOX
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Bioindikace

= sledovani chemickych latek v odebranych vzorcich bioty
o Vv €emkoliv, preferencné tzv. bioakumulatory ¢i bioindikacni druhy/vzorky (jehlici)

= sledovani bioty a jeji odezvy na faktory prostredi
o biochemické markery

Q

O

- ucinku (stresové proteiny — HSP — heat shock proteiny, chromozomové aberace ...) I

- expozice (methalothioneiny, EROD - ethoxyresorufin-O-deethylase ...) g

o indikatoroveé druhy - pritomnost/nepritomnost indikuje urcitou vlastnost ekosystému g
- citlivé druhy (napf. posSvatky, horské plosténky, liSejniky) g

- oportunni druhy (napf. pakomafi, pijavky ...) g

o stav a funkce organism .
o populace - pocty organismu, distribuce, vékové slozeni ... g
o spoleCenstvo — druhove slozeni a zastoupeni, biodiverzita ©
o stav ekosystému, krajiny — struktura, dynamika, funkce o§
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Bioindikace

Postupy uzivané ke sledovani biologickych endpointi v realnych
ekosystémech by meély idealné byt:

prakticky aplikovatelné

lehce interpretovatelné vykonnym organem

ekologicky relevantni pro vice ekosystému

vysledny parametr by mél byt oddélitelny od pfirozenych fluktuaci
mely by davat kauzalni vztah mezi latkou a uCinkem

rychlé a levné

standardizovatelné

NSO ORs b~
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Bioindikace

= Kritéria pro vybér bioindikatoru

Kelly J. & Harwell M. (1990).

MUNI RECETOX

Signal-to-noise ratio
Sensitivity to stress
Intrinsic stochasticity

Rapid response
Early exposure
Quick dynamics
Stress-specific sensitivity

Reliability of response
Specificity to stress

Ease/economy of monitoring
Field sampling
Laboratory expertise
Preexisting data base and history
Easy test for process

Relevance to endpoint
Instrinsic
String of ecological connections

Feedback to regulation or management
Adaptive management potential
Hierarchical suites of indicators

Relevance to recovery processes
Short-term and long-term processes
Retugia, colonizing capacity
Adaptation to new physical constraints
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Bioindikace

= ruzné duvody pro
vyber
bioindikatoru

Kelly J. & Harwell M. (1990).

MUNI RECETOX

Intrinsic importance Key: indicator is the endpoint
Economic species
Endangered species
Other aspects of direct importance to humans

Early warning indicator Key: rapid indication of cffect
Use when endpoint is slow or delayed in response or too vanable in time or space
Minimal time lag in response to stress (rapid response rate)
Signal-to-noise ratio low; discrimination low
Screening tool; accept false positives

Sensitive indicator Key: reliability in predicting
Use when endpoint is relatively insensitive
Stress specificity
Signal-to-noise ratio high
Minimize false positives

Process indicator Key: endpoint is process
Monitoring other than biota, e.g., decomposition rates
Complement structural indicators

Indicator of ecosystem sensitivity/vulnerability Key: system attributes
Abiotic indicators such as flushing rates; neutralization capacity: nearby seed sources
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Indikatoroveé druhy — priklad hodnoceni
saprobity



Saprobita

= sapros = hniloba
= organicke "netoxicke" latky (fekalni znecisténi, ,ziviny” pro mikroorganismy)

= hodné organickych latek - ziviny pro bakterie - spotreba organickych
latek a souCasné vycerpani kysliku = dopady na vodni biotu organismy

Zvysena saprobita

= stale jeden z hlavnich problému (a ukazatelu ne/Cistoty vody) v Evropé
* nezohlednuje pfimou toxicitu, spise obsah kysliku (!)

= hodnoceni = kategorizace

= polysaprobita / mezosaprobita (alfa-, beta-) / oligosaprobita

= (nebo novéji katarobita / limnosaprobita / eusaprobita / transsaprobita)

MUNI RECETOX
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Saprobita

= promena spolecCenstv




Hodnoceni saprobity

Hodnoceni obsahu org. latek pomoci spotreby kysliku
= BSKS5 (,Biologicka spotfeba kysliku“, 5 dni, anglicky BOD — Biological
Oxygen Demand)

o Vvzorek vody se inkubuje za definovanych podminek a méfi se spotreba kysliku v Case
(Casto/vysoky obsah OC - je tfeba vodu fedit):

o Vice organickych latek = vice Zivin pro bakterie ve vzorku - vySsi spotfeba O2 -
vySSi BSK5
= CHSK (,Chemicka spotreba kysliku®)

o mnozstvi kysliku, které je treba k uplné oxidaci vSech odbouratelnych latek obsazenych
ve vodeé, tedy i tech, které nejsou degradovany mikroorganismy, tj. biologicky

o stanoveni — celkova spotreba kysliku pri oxidaci manganistanem draselnym
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Hodnoceni saprobity

Hodnoceni pomoci BIOINDIKACE - Saprobni index

= CSN 8305 32, ¢ast 6

= vyznamné druhy organismu maji pfifazenu ,indikatorovou“ hodnotu
= analyza spoleCenstva na lokalité - vypocCet Saprobniho indexu

Vypoc€et saprobniho indexu

q_ S A8 g
> Ai - g

Ai — abundance zjisténého organismu,
Si - individualni saprobni index organismu
gi - indika¢ni hodnota organismu.

MUNI RECETOX
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Hodnoceni saprobity

Indikatorové druhy saprobity - priklady

Polysaprobita

Xeno & oligosaprobita

Obr. 1312. li’fildad xenogaprobr_n’ch a oligosaprobnich organismi
a - perloocka Holopedium gibberum, b - vodni mech Fontinalis, ¢ - dvojéatkovitd fasa

) : Obr. 135. Piiklad pol bnich iSmil
Micrasterias truncata, d - plogta ' tan i eroils natars, b pako
cata, d - plosténka Dugesia gonocephala, e - jepice Epeorus asimilis. f - roz- . ;;fbakljne Sphamgm sl o Pokomar Chironomus thummi, ¢ - niténky Tubifex
’ tubifex, d - pestfe r. Eristalis, e - vifnik Rotaria neptunia, f - bicikovec H. ]
s N - examirus

sivka Tabellaria flocculosa, o - plogts ] ]
» 8 - plosténka Crenobia alpina, h - obménka Ceratium hirun- inflatus, g - bicikovec Bodo putrinum, h - bakterie Beggiatoa alba

I\/I dinella, i - rozsivka Meridion circulare

- L e



Hodnoceni saprobity

0 '[Fl’dy saprobniho indexu podle normy
CSN 75 7221 (1998)

Saprobni
index

..=-1,49 1,50 -
2,19

2,20 -
2,99

3,00 -
3,49

3,90 -

MUNI RECETOX

_ Ekologicka
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le pSi i o
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z
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Bioindikace na urovni populace,
spolecenstva a ekosystemu



Vy

= obtizné studovatelné a kvantifikovatelné

komplexnost a variabilita
dobre prokazatelné az velké zméeny

©)

©)

©)

©)

©)

MUNI RECETOX

N 7y I 4

sSi urovne v ekotoxikologii

pomalé projevy

organismalni efekty nejsou vzdy interpretovatelné c.n:
obtiZzné prokazatelna kauzalita "toxikant <-> efekt" roiecuie

obtizné predikovatelne

Complexity of
the structures

Cspatiel dimenaiond

- Blospheres - |,
* Country-side A
Ecosystem’
Population
Organism.

= Organ

Organelle

M - Complexity of the

iﬁ@l scules - Cells Organisms Populations-Cammurities Ecosystems
’éﬁé%boﬁlas Metabolism Diversity Productivity
iGamEe, Bshavior Abundance Decomposition
Il Growth - development Intraspecific interactions Nutrient cycli

Structure - morphology Successional patterns
Reproduction Spatial structure
Survival

M(;veeks - decades)

(minutes - years) -(days - years)

- (seconds - days;)
= Response Time

>

system’s processes

(Lemporsl 2imension)
.
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LANDSCAPE /REGION: Spatial heterogeniety; patch size, shape and distribution; fragmentation; connectivity

physical features, w ater andresource (e.g., mast) presence and distribution, snow cover

ECOSYSTEMCOMMUNITY : Substrate and soil conditions, slope, aspect, living and
dead biomass, ¢ anopy openness, gap characteristics, abundance and distribution of

Bioindikace

61

Dale & Beyeler (2001)

STRUCTURE

structure, morphological variability

POPULATION/SPECIES: Dispersion, range, population

. tak funkce

r

zeni

kologické hierarchie

4

urovneé e
= jak struktura, tak slo

r
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Vliv stresoru

na populace

—-rr--

R esponse variable
-I' ii.l'H:—-. |-.-.- P § )

L

ﬁ'éduced' abund :L]'H.'E

Altered distribution

Changed age structure

Altered gene pool

MUNI RECETOX

Measurement

Numbers of individual or
biomass of population versus
chemical exposure

Presencelabsence or
commonness/rareness of a
population versus chemical
E‘:(PDE'LH'I:

Frequency distribution of age
or size class versus chemical

exposure

Electrophoretic analysis of
genotypic frequencies versus
chemical exposure

Comments

Compare to abundance of reference
population in uncontaminated area or
control population in enclosure study

Analysis must account for life history and
other ecological and environmental
factors structuring population
distribution )

Can be used to assess recruitment SUCCESs
Or TECOVETY

Opportunistic species more likely than
specialized species to develop resistant
populations
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Vliv stresort
na
spolecenstvo a
ekosystem

= struktura
a dynamika

MUNI RECETOX

-rr--

R.esponse variable

Population extinction

Changed community
composition

Dominance switches

Changed similarity

R.educed
abundance/biomass

Altered spatial

structure

Measurement

Comments

Absence of a population
known to have existed prior
to chemical exposure
Species list, indicator species
or indicator assemblages
versus chemical exposure

Ttelation of abundance versus
chemical exposure

Margalet, Simpson or
Shannon diversity indices
versus chemical exposure

Coefficient of similarity,
quotient of similarity, or
percentage similarity versus
chemical exposure

Total number or biomass of
individuals in community
versus chemical exposure
Vertical and horizontal
patterns versus chemical
exposure

Loss of 'key’ commercial or ecological
populations is most €asy to interpret

Best to know what taxa are absent as well
as what taxa present; trophic organization
may provide insights into effect on
feeding relationships

Abundance under chemical stress often
depends on the opportunistic life histories
of species

Applicable only to gross levels of
chemical pollution due to conflicting data
from richness and evenness components
and insensitivity to moderate levels of
pollution; species richness may be a more
consistent index of chemical stress

More consistent and sensitive than
diversity indices in assessing chemical
effects on community composition

Do not provide much information on the
ecological character of the system but
least expensive variables to measure

Only of value in assessing pollution
effects on non-mobile communities such
as forests which exhibit a distinet spatial
structure



Vliv na spolecenstvo a ekosystem

rr s
-

= struktura Response variable Measurement Comments
a dynamika 5 :
Stability Aucruations o to
—inertia e 50% change in species Is a measure of the system’s resistance
#‘J“f?‘eg‘é‘e“ composition or richness pollution

versus chemical exposure

L] " - u
S -E“I“'I'E'EE!‘L:Qeé\\'\e“"e R.ecovery time to reach 85%

cimilarity rm the

Is 2 measure of the system’s ability to
recover from chemieal stress

— amplitude Is a2 measure of the maximum amount of
damage from which a system can recover
in a specific time

- h_YE':EF'E_SEH Sperman’s rank correlation A measure of the degree to which an
' coefficient comparing ecosystem's pattern of recovery is not the
= disappearance and rpversal of the pattern of species loss

reappearance of species
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Vliiv na

spolecenstvo
a ekosystem

= funkce

MUNI RECETOX

LR T

R.esponse variable

Measurement

Comments

Impacts on ecosystem functions

¢ Reduced organic
decomposition

s BReduced nutrient
conscryvation

o Reduced primary
productivity

s Reduced ecosystem
production

o Altered food web and
functional regulation

Decomposition rate of plant
litter or reference organic
substrates versus chemical
exposure .

Net loss of essential elements
:rt mass balance studies versus
chemical exposure; nutrient
spiralling length in stream
studics

14C assimilation rate or other
methods of measuring plant
growth versus chemical
exposure

Net gain in ecosystem
production versus chemical
exposure, €.g. net oxXygen
evolution in an aquatic
systemn; Odum’s index of
power may be appropriate

Changes in predator—prey of
cunsumcr—cunsumtd :
interactions versus chemical
exposure

Effects may not be obvious until some
time after exposure

Of most obvious importance in terrestrial
eCOSYStems

Long-term reductions in primary

productivity are the most obvious index
of a functionally stressed ecosystem

Integrates chemical effects on primary
productivity and energetic costs

The loss of a predater indirectly through
the elimination of prey and the dramatic
increase in a population after the removal
of a predator or competitor are examples
of chemical alteration of functional
regulation
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Ekosystemova
dynamika -
priklad

Westman (1978)
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Example 2:

Charac- Ecosystem subjected
teristic Definition Example 1: A metal coil to oil spill

Inertia resistance to force needed to stretch coila amount of oil that must accu-

e(\ge change given distance mulate over a given areain a
s given time period to cause a
given level of ecosystem
damage (such as local ex-
tinction of species X & Y)
Elasticity rapidity of restora- time required to springback  time required to recover ini-
tion of a stable state toinitial size after stretching tial structure or function fol-
§e0  following distur- a given distance lowing ecosystem damage
(€5 bance (e.g., restoration of popu-
lations X & Y)

Amplitude  zone from which the distance beyond which coll maximum amount of oil that
systemwill returnto  cannot be stretched without  can accumulate in an area
a stable state being permanently deformed such that damage sustained

can be fully repaired (e.g.,
restoration of populations of
X&Y)

Hysteresis  degree to which degree to which regiontem-  degree to which pattern of
path of restorationis porarily occupied by coil in secondary succession is not
an exactreversal of  springing back differs from an exact reversal of the pat-
path of degradation  region through which coil tern of retrogression experi-

moved during stretching enced following impact (e.g.,
were the last species to die
_ ) the first ones to return?)

Malleability ~degree to which degree to which stretched degree to which new climax

stable state estab- coil remains stretched after ecosystem resembles the

lished after distur-
bance differs from
the original steady
state

deforming force is removed

initial climax state (e.g., how
closely do the species
composition and equitability
of new climax state resemble
the old?)




MUNI RECETOX

Hodnoceni biodiverzity



Biodiverzita

= biodiverzita = diverzita bioty

= diverzita = rovhomernost rozlozeni polozek do skupin a jejich relativni
frekvence

= diverzita = informace: vétsi diverzita = veétsi "pool" informaci = mensi
energie nutna na udrzeni celku = vyssi stability

= biodiverzita organismu je idealni mirou biologické kvality systému,
idealni bioindikator
= komplexni a integrujici endpoint
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Biodiverzita

= je funkci ekosystému (ekosystém ma mnoho/malo nik = biodiverzita je velka/mala )

= tihne byt nizka ve specializovanych ekosystémech, kde je jeden faktor urCujici (variant)

= prirozeny stav pro spoleCenstva - vysoka diverzita - snizovana stresem, negativnimi zasahy
= Casto ma inverzni vztah s produktivitou

Nerovnovaha
= ekosystém ma mnoho nik a ty nejsou zaplnény (znicené Ci stresované ekosystémy)

Stabilita
stabilni vztahy mezi populacemi, uvnitf populaci a mezi organismy a prostredim

vétSinou dosazeno na konci sukcese (nebo pravdivéji v jejim subfinalnim stadiu)

pokud je zasah, je tolerance vySSi u diverzifikovaného spoleCenstva

vysoka diverzita zajist'uje stabilitu ekosystému
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Biodiverzita

= u biodiverzity jde vétSinou o druhy (skupiny) a jedince (polozky), ale mlze jit o jiné skupiny
(napf. genomy, ekologické skupiny, typy funkci, zivotni strategie) a polozky (napf. geny v
genomu, zastoupeni skupin, funkci, strategii) — vSe, co je dale uvadéno jako ,pocet druhi*
a ,pocet jedinci* Ize takto pouZit i na jiné kategorie

= Taxonomicka diverzita — vyskyt a Cetnost jedincu druhu nebo jinych taxonomickych
jednotek

= Geneticka — vyskyt riznych kombinaci alelv populacich organismu

= Ekologicka/funkéni — funkce, kterou organismy vykonavaji v ramci spoleCenstva
(predator, parazit, dekompozitor ...)

= Fyziologicka/biochemicka diverzita — zpusoby a biochemické drahy pouzivané
organismy k zpracovani substratu

= Rozhodovani co hodnotit: specifika organismu - napf. u mikroorganismu rtzné druhy a
rody mohou zastavat podobné funkce - vétsi smysl ma tedy funkéni nez taxonomicka
diverzita

MUNI RECETOX
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Biodiverzita

... referes to the variety within and among living organisms, assemblages
of living organisms, biotic communities, and biotic processes, whether
naturally occurring or modified by humans ...

... can be measured in terms of genetic diversity and the identity and number
of different types of species, assemblages of species, biotic communities and
biotic processes, and the amount (e.q., abundance, biomass, cover, rate) and
structure of each ...

... can be observed and measured at any spatial scale ranging from microsites
and habitat patches to the entire biosphere ...

Delong (1996)
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Hodnoceni biodiverzity

Species evenness and species diversity.

- > Communities a
2 SIOZky ?nd b both contain C
- . ive tree species. ommunitya ..community
o druhova bohatost (richness), However, because is dominated b, which has
riznorodost — poéet rﬁznych community b has by one of its the same five
i . s ) greater species five species species but
organlsmu/druhu (kvallta), bez ohledu na evenness,ithas  and so has in equal
T ¥ higher species lower species proportions.
Jeleh pOCGtﬂOSt diversity. diversity than...

o druhova vyrovnanost (evenness),
relativni abundance — pomeér vyskytu
organismu (kvantita)

= druhova diverzita pak zahrnuje jak * &
pocet druhd, tak jejich relativni $*¢“$i‘$

poéetn ost Lower species evenness Higher species evenness

S Ead &
L3 guhy
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Shannonuv index diverzity

= H =-% p,; In(p;), p; je relativni abundance druhu i, tedy ni/N, kde n. je
abundance druhu i a N celkovy pocet jedincu

= takeé jako Shannon-Wiener index (nespravné jako Shannon-Wiever)

= odvozen z informacni teorie (entropie systému) - vyjadruje nejistotu, se kterou jsem schopen
predpovédét jakého druhu bude nahodné vybrany jedinec ze vzorku; nejistota klesa s klesajicim
pocten druhd a s klesajici vyrovnanosti (spolecenstvo s malo dominantnimi druhy)

= vétSinou v rozmezi 1,5 - 3,5

= maximalni velikost indexu pro pocet druhtu S nastane, pokud maji vSechny
druhy stejnou relativni abundanci: H’'max = In(S)

* vyrovhanost odvozena ze Shannonova indexu (Shannon’s evenness):
J=H /H'max =H’/In(S)
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Shannonuv index diverzity

Shannon index of diversity

Species Abundance
pi In(p) pi*In(py)
ﬁ 4 Baetis alpinus 736 0.9472  -0.0542  -0.0513
L Rhithrogena semicolorata 28 0.0360 -3.3232 -0.1198
Epeorus sylvicola 8 0.0103 -4.5760 -0.0471
- Baetis rhodani 4 0.0051 -5.2691 -0.0271
| ﬁ Ephemerella mucronata 1 0.0013 -6.6554 -0.0086
o Total number of individuals 777

Shannon index of diversity (using natural logarithm)
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Simpsonuyv index diverzity

ni(ni
_ZEN(N 1)]

= zjistuje, zda jsou ve spoleCenstvu pritomny silné dominantni druhy nebo je
spolecCenstvo spiSe vyrovhane

* vyjadruje pravdepodobnost, ze dva nahodné vybrani jedinci budou patrit ke
stejnému druhu

= hodnoty jdou opacnym smérem nez u indexu pocitajicich s vyrovnanosti a
poCtem druhu (Shannon) - ¢asto se pouziva odpocet od jedné nebo
prevracena hodnota — Gini-Simpson index: GS=1-D

= vyrovhanost odvozena ze Simpsonova indexu (Simpson’s evenness):

= (1/D)/ S
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Hodnoceni biodiverzity
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Species abundance distribution

Species richness = 12
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Species abundance distribution
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