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Pripomenutni - hodnoceni ekotoxicity - biotesty

» Ekotoxikologicke biotesty
— Nastroje pro hodnoceni ucinku:
* nejbéznejsi, nejpouzivangjsi, nejvice propracovany
system
— Standardni nastroje

» Jednodruhove - jeden konkrétni kmen -
standardni jedinci (uniformni vek, velikost apod.)

» Zcela optimalni podminky
— Potrava, teplota, pH, svétlo
— Bez dalsiho biotického stresu (predatori, infekce..)




ALE: ... realita & cil ekotoxikologie je
- Chranit populace v ekosystémech

BIOTA

POPULACE

SPOLECENSTVA
(interakce mezi populacemi)

EKOSYSTEMY
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Ecosystems are NOT more complex than we think.
They are more complex than we CAN think.
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Prednaska by mela objasnit ...

« Cojsou ...
« Jakeé zname ucinky (priklady) ...
» Jak lze ,prakticky” studovat / hodnotit ucCinky...

« POPULACE
» SPOLECENSTVA
» EKOSYSTEMY




Uginky latek vs. POPULACE




Fundamentalni cil ekotoxikologie
studovat a chranit populace a spolecenstva

Efekty na biochemické a organismalni trovni
- relativneé snadno popsatelné a stanovitelne
- dobra kvantifikace

Efekty na urovni populaci a spolecenstev
- obtizné studovatelné a kvantifikovatelné

- komplexnost a variabilita

- dobfe prokazatelné az velké zmény

- pomalé projevy

- organismalni efekty nejsou vzdy interpretovatelné
- obtizné prokazatelna kauzalita "toxikant <-> efekt"
- obtizné predikovatelne




Populace - Jedinci téhoz druhu, kteri obyvaji ve stejném case
stejné uzemi (lokalitu)

Zakladni ,,méritelné“ PARAMETRY populaci
(demografické parametry)

Primarni parametry
» natalita: pocet jedincu za jednotku ¢asu (a nejcastéji jedince)
» mortalita: pocCet jedincu ktefi zemrou za jednotku ¢asu (a nejCastéji jedince)
(JINAK: za jak dlouho zemfe prislusny jedinec)
» méritko velikosti (performance) — uspésnost — specificky parametr pro rtiizné
druhy (napf. velikost, pocet jedincul, poCet semen, kvétu, mnozstvi biomasy a;j.)

Sekundarni parametry - odvozene z primarnich
» zavislost natality, mortality, performance na vychozi velikosti
» frekvence (Cetnost / jak asto?) prechodu z jedné velikostni tfidy do druhé

(~ rychlost rustu populace: oba uvedené body vyjadruji totéz, jen v pojeti kvantitativnim a
kvalitativnim)




EKOTOXIKOLOGIE V POPULACICH

Vlastnosti na urovni jedince, které jsou klicové pro
udrzeni/rust populaci:
- vyspelost k rozmnozovani

(rychlost dosazeni / rust / pohlavni dospélost)
- rozmnozovani

(produkce gamet — pocty, kvalita...)

Efekty toxickych latek na urovni jedince

- projevy na urovni populaci
- zmeény abundanci / poCtu (snizeni ristové kapacity)
- zmeny natality / fekundity
- zmeény demografie (pr. starnuti populace)




EKOTOXIKOLOGIE V POPULACICH

Priklady:

1) selekce genti v populacich
- antibiotika-rezistentni bakterie (viz jinde)
- hmyz rezistentni na pesticidy (viz jinde)
- znec€isténi vzduchu - drsnokfidlec v Britanii: tmave vs. Svétlé varianty
- rezistence (snizeni citlivosti) k toxicite kovu

2) zmény v rozlozeni pohlavi v populacich (,,sex ratio*”)
- pohlavi u ¢Clovéka

- zmény rozlozeni pohlavi u hmyzu

3) vliv toxickych latek na velikost a rozmnozZovani
- Hg vs. ryby




Priklad — adaptace & prirodni selekce (drsnokridlec brezovy)

Clean Air Acts
of 1956 and 1963
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Fig. 2.2. Rise and fall in the proportion of Biston betularia of the melanistic
morph caught near Liverpool, UK. Information for the decline in the dark
morph come from Clarke and Grant (Clarke et al. 1994; Grant and Clarke
1999) who monitored a moth population outside of Liverpool from 1959 to
the present
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+ 44 The relative frequencies of the normal and two melanic forms of

¢t peppered moth, Biston betularia, in Britain. The results are based on

we than 30 000 records collected from 1952 to 1970 at 83 sites. (From
Kettlewell, 1973.)



Selekce rezistentnich populaci

- RuUzné staré travniky (psinecek)
v blizkosti pramyslu
—->Narulst ,indexu rezistence k Cu*
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Fig. 47 The distribution of copper resistance in samples of the grass
Agrostis stolonifera taken from seven populations of different ages around 10
a copper refinery at Prescot, Lancashire. The index of copper resistance
was given, under standardized conditions, by:

mean length of the longest roots when grown in a solution with copper
mean length of the longest roots when grown in a solution without copper

} indicates a mean value. (From Wu et al., 1975.)

Q

0o

0

Sefton Park
(unpolluted)

Freshfield
{unpolluted)

Flowerbed

Boundary grassland
4 new lawn (8yr)

(4yr)

Flowerbed

Canteen lawn (14yr)
old lawn (7Oyr)

#

100

50 50

100 O

Oid lawn (70yr)

/

o

Index of copper resistance
(%)



Close window

news @nature.com

The best in science journalism < Print this page

Published online: 21 October 2005; | doi:10.1038/news051017-186
Pollution makes for more girls

The stress of dirty air skews sex ratios in Sao Paulo.

Erika Check

Toxic fumes favour the fairer sex, a group of researchers in Brazil
has found.

Jorge Hallak and his team at the University of Sac Paulo turned up
the surprising result by studying babies born in their city. They
divided the metropolis of 17 million people into areas of low, medium
and high air pollution, using test results from air-quality monitoring
stations. They then studied birth registries of children born from

2001 to 2003. e :

Babies born in highly polluted areas are
more likely to be girls.

The team found that 48.3% of babies were female in the |least
polluted areas, but 49.3% were female in the dirtiest parts of town.
After measuring the ratio of boys to girls born in all the areas, they
calculated that 1,180 more babies would have been boys in the polluted areas if they had the same
sex ratios as the cleaner areas. The team reported their findings on 17 October at the American
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Vliv benzenu a olova :

na vyvojovou stabilitu

u octomilky

> VysSi koncentrace?
> vice F

Biologické priciny:

v v/s v

F- embryi (u ¢lovéka XX vs. XY)

Variance in R-L for sternopleural bristle number

[potraty: ¢astéjsi jsou M]

0 0.001 0.01 0.1 1 10
Concentration in media (mg/kg)

Fg. 6.7. The influence of lead and benzene concentrations in media on the
developmental stability of Drosophila melanogaster (Data from Table 3 in
Graham, Roe and West. 1993b). Sternopleural bristle number was counted

_ on the right and left sides of each individual. M = male and F = female




Zivorodka
(3 rizné kmeny ryb =
3 ruzné genotypy)
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Mercury treatment

Fig. 6.4. The influence of mercury treatment on size (standard length)

and fecundity (number of late stage embryos/gravid female) of female
_ mosquitofish. Modified from Figure 3 in Mulvey et al. (1995)




Zivotni cyklus druhu a populaéni ekotoxikologie

Citlivost riuznych vyvojovych stadii
- zasadni vyznam pro demografii populace

Mladsi stadia (embrya) byvaiji citlivéjsi k vliviim toxikantu
- citlivost: rychle delici se bunky u embryi a larev
- viz embryotoxicita

Dusledek - snizeni fekundity - starnuti populace
Vyjimky - - mechanicka ochrana (povrchoveé vrstvy)

* rezistence vajicek ryb (vs. vysoce citliva embrya ryb)
» semena rostlin, klidova stadia dalSich organismu




Citlivost ruznych stadii ryb — toxicita CuSO4
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Fig. 2. Log LC50 variability for all available test results and for the five most frequently used fish life stages
(larvae (LV), juvenile (JV), fry (FY), fingerling (Fl), alevin (AL), eyed egg (EY) and adult (AD) life stage) for
sulphuric acid, copper(2+) salt (1:1) (CAS 7758-98-7).

Test results for all reported fish test species (A) and for Oncorhynchus mykiss (B) were compared.
http://www.sciencedirect.com/science/article/pii/S0273230009000956
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Fig. 6.1. Density-dependent, natural mortality can obscure the concentra-
tion-effect relationship for caddisfly larvae exposed to 4,5,6-trichlorogua-
iacol. There was no discernible relationship for larvae <9 days old, an
age class with high levels of natural, density-dependent death. Note the
high mortality in all treatments. (Probit values of 4 and 5 correspond to 16
and 50% mortality, respectively.) There was a clear relationship between
mortality and toxicant concentration of older larvae (>9 to 70 days old).
{Maodified from Figure 4A&B of Petersen and Petersen 1988)




Jak prostudovat ucinky s dopady na populace ?

1) Experimentalni studie reprodukcni toxicity
- D. magna — 21 denni reprodukcni test
- Zizaly — 4 tydenni reprodukéni testy
- chvostoskoci Folsomia candida - reprodukcni testy

2) Testy s rannymi vyvojovymi stadii
- Embryonalni testy (D. rerio, X.

3) Testy celozivotniho cykiu s A
- Napr. pakomari Chironomus

(OECD guideline 233) L ilii B 5
4) Modelovani

(napr. DEB modely / viz dale)




Kontamince DDT
- Tendi a slabsi skorapky vajec

Obrazek — tloustka skorapek o ,°

Prazdné symboly
- tloustka pred objevem DDT
(1842 — 1942)

PIné symboly
- tloustka v obdobi 1970-74

hell strength{g)

400

300 l |
1.3 5 20 2.2

Shell thickness { mg/mm2)

Fig. 8.2 Shell strength and thickness in eggs of the peregrine falcon (Falco
peregrinus), for two samples of eggs: those laid from 1850 to 1942, before
the advent of DDT (O), and those laid from 1970 to 1974 (@). Strength
was assessed by the weight needed to pierce the shell under standardized

_ conditions. (From Cooke, 1979a.)




Ucinky latek
vs. SPOLECENSTVA




Spolecenstvo - biocenoza
(Community)

Soubor populaci riiznych druht, které spolu ziji v urcitém prostredi
(biotopu) a vzajemné spolu interaguiji (existence vazeb)

Priklady vztahu (interakci) mezi populacemi druht

Kompetice (o potravu, o prostor, o svétlo ...)
*Symbioza

*Potravni vztahy / potravni retézce

e atd. atd.

- dusledek: variabilita / pfirozené kolisani poctu




Obs. 1 Piiklady populatni dynamiky na zakladé emplrickych Setfeni, publkovanfch v anglické uéebnici
ekologie (Begon, Harper et Townsend 1987}
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1d) Rys kanadsky (Lynx canadensis) — poéty vykoupenych koZedin za vice nez 100 let na obrovském prostoru
piisobeni Spoleénosti Hudsonského zilivu v Kanadé; vyjimeéné vjrazné pravidelné desetileté cykly
potetnosti, jejichz pficinami se zabyvé text na str. 30—32. Diouhodobé priméry potetnosti byly v celém vice
ne stoletém obdobi konstantni.
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Zakladni principy — ZPETNE VAZBY
ZPETNE VAZBY

pozitivni = narust ,,B“ zpusobuje narust , A“
A+ - " B+

negativni = narust ,,B“ zpusobuje pokles ,, A*
A- - "~ B+

Priklady:
- propojené populacni cykly kralika a rysa (predator)
+ dalsi soucasti biocenozy -2 dalsi strana




Obr. 5 Kolisani biomasy hlavnich slodak 10letého populacniho cyidu tajgového biomu v Allartd {Kanada).
$ipky ukazuji htavni pfiinné vazby (Keith 1983, citovino v uéebnici ekologie
Begon, Harper et Townsend 1887). Podrobnosti v pFedchazeiicim textu.
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Jak Ize spolecenstva popsat / parametrizovat ?

- PARAMETRIZACE (meritelné veliCiny)

» Pusobeni stresorti 2 zmény v méritelnych parametrech

« Zakladni popis - parametry strukturni
« (Parametry funkcni — viz dale: ekosystémova uroveri)

« Bohata struktura (bohatost vztaht / biodiverzita)
- podminka stability biocenozy i ekosystemu

Complex, stable Simple, unstable

Hawks  Covotes Hawks I:.:l.]}"[,':lfl'.‘.'-i

FY/Z N

Crabs Raccons Shorebirds

f {7\ f \ Shorebirds

Oysters Snails Minnows Shrimp Snails
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EKOTOXIKOLOGIE SPOLECENSTEV
- struktura -

Strukturni parametry
— parametry faunistické/floristické (druhoveé slozeni a zastoupeni)
— prostoroveé a casoveé cykly
— vztahy ve spoleCenstvu / spoleCenstvo - prostredi

 Mnozstvi a abundance
— pocty jedincu
— biomasa
— chlorofyl-a
— pokryvnost
— parametry vztazené na plochu (terestr.) a objem (akvat.)




Table 3.4 The relative abundance of plant species in 12 samples in Polish

forests?®
Fir forests Pine-bilberry forests
Priklad 1 _
Moist Dry
F|OI’iStiCky zépis: Group Species Sampleno.... 1 2 3 4 5 6 7 8 9 10 1112
A Abies alba 4 2 2 2 + + 4+ + + + +
Y i hi : K Pinus sylvestris + + + + 4 3 2 4 4 1 2 3
slozeni tzlocenozy stromu Picea excelsa + + 2 + 2 + + + + +
(5 spoleCenstev ... A-E) Vaccinium myrtillus + 2+ + 5 42+ 1 + + 2
Vaccinium vitis-idaea + + + + + + 1 3 3 2
° , , B Lycopodium selago + + +
Za ruznych pOdmlnek Circaea alpina + + +
Yadi Pyrola secunda 1 + +
prostredi (zde vihkost) Prrola minor RN
C Lycopodium annotinum | + + + + + +| +
Ptilium crista-castrensis 2 4 + 2 + 3 3
Dicranum undulatum 4 + 2 2 + + + + +
Entodon schreberi + 5 1 & 2 +
D Pyrola chlorantha + + + +
Melampyrum vulgatum 1 + 1 2 +
Calluna vulgaris + + 2 + +
Cladonia sylvatica 2 + 3 + 3 +
Cladonia rangiferina 1 1 2 + 4 +
E Quercus sessilis + +1+ + + +
Betula verrucosa + + + +
Thymus ovatus + + 2 + +
Lycopodium clavatum + + + 1
Total number of species 35 37 38 37 20 17 24 25 39 41 32 34

From Whittaker (1975): original data from Frydman (1968).
® +, Rare; 1-5, increasing degrees of abundance. The species of groups B-E are
diagnostic.




EKOTOXIKOLOGIE SPOLECENSTEV

- struktura -

Charakterizace DIVERZITY

* INDEXY

— Shannon-Wiener (H == 2 Ni/N In (Ni/N))

Ni — pocet jedincu druhu
N — celkovy pocet jedincu
S — pocet druhu

— Shannonlv index vyrovnanosti (evenness)

(E=H /InS)

— Margalefuv index (D = (S-1) / InN )

 Poznamka: indexy jsou necitlive na zmény ve vzacnych
druzich ... malo jedincu -2 maly vliv na celkovy index




Priklad — domaci ukol

? Kde je nejvetsi diverzita DU09

y w . - vawv s - viz IS.MUNI.CZ
? Které spoleCenstvo je nejvyrovnaneéjsi
H’=7/9.In (7/9) Zelvy
+1/9 .1In (1/9) oslové
+1/9 . In (1/9) kralici Ny, W
E=..7
A B C

3
‘;»
e 2
e




Posouzeni podobnosti biocenoz

C — pocet spolecnych druhu
A — pocet druhu na lok.A
B — pocet druhi na lok. B

« INDEXY
« Jaccarduv index podobnosti=[C/(A+ B - C)] x 100%

« Sorenson’s = 2C / (A+B+2C) x 100%

 Poznamka 1: nejbeznejsi indexy jsou citlivé jen na
kvalitativni zmeny v zastoupeni (ANO / NE ... nezohlednuji
pocetnost), ale existuji i pokrocCilejsi zpusoby hodnoceni

* Grafické vicerozmérné metody srovnani

 PCA (Principle Component Analysis)
« korespondencni analyza




Priklad — domaci ukol:

? Ktereé dve lokality jsou si nejpodobneéjsi DU09

- viz IS.MUNI.CZ

Jaccarduv index podobnosti ?
1vs.2=.....




KLICOVE DRUHY (Key / Keystone species)

KEYSTONE SPECIES

efekty na téchto druzich
- dramaticke zmény celé biocenozy

Klicoveé druhy
« zpravidla ,predatofi“ (kontrola spodnich pater)

Pr. Morské hvézdice na skalach a kamenech
- pohyb a spasani biomasy / predator
» Likvidace hvézdic
- prerustani makroras
- pfemnozeni mlzu (slavky)

« Pr. Sladkovodni ryby ovlivriuji fertilitu rostlin v terestrickém
ekosystemu




Temperate food web

Top predator

KEYSTONE SPECIES

Middle level predators / Thais

Pisaster

Robert Paine observed
that a relatively simple
~ temperate food web
J— | contained a lower
proportion of
predatory species. ..

am - iy
o @y q
Prey Chitons Limpets Bivalves Acorn barnacles Gooseneck barnacle
Subtropical food web
Top predator Heliaster
Muricanthus
...compared to a
/ — diverse subtropical
2 food web.
Y )
?f §
He.a;p}ex A. tuberculata
\ //"'
/™ |
Middle level - . /
predators { — / é
Morula _/ Cam.‘mruy A. angelica
L N
fy aw
' Q 4 A
Prey Collumbellidae Bivalves Herbivorous gastropods Barnacles Chitons Brachiopods




Knight et al., NATURE (2005) 437: 880




- INDIKATOROVE DRUHY
* Druhy, jejichz (ne)pritomnost indikuje urcitou vlastnost ekosystemu
« citlivé druhy (napr. posvatky, horské plostenky, lisejniky)
« oportunni druhy (napf. pakomari, pijavky ...)

* Ruzné organismy indikuji ruzné typy stresu
« PF. kontaminace zivinami (dusiCnany apod.)
« Makrozoobentos — saprobita / rasy, rozsivky — trofie (viz dale)

« Kontaminace toxickymi latkami
» LiSejniky — Cistota vzduchu




Pusobeni toxickych latek > zmény ekologickych vztahi

Priklady ucinku a jejich vlivu na vztahy ve spoleCenstvu
(nejc. predator - korist)

- pusobeni insekticidlil ve vodnim prostredi
—> eradikace populaci hmyzu (komari)
—> likvidace zdroje potravy pro drave ryby
= hmyz - rychlé rozmnozovani - navrat
- ryby - pomalé rozmnozeni ... dlouhodoby efekt

- likvidace terminalnich predatort (bioakumulace tox. latek)
- vyhubeni vlkt v severni Americe
- pfemnozeni jelenu
—> nefizené spasani vegetace luk a lesu
—> vyhubeni dravcu (DDT)
- pfemnoZzeni hlodavcu
—> nefizené spasani vegetace luk a lesu




Uginky toxickych latek
v ekosystemech



Ekosystem:

Heterogennni systém slozeny z biotické slozky (biocenozy,
biologicky subsystém) a abioticke slozky (ekotopu, subsystém
prostredi)

* Biota vs. prostredi — vztahy / zakonitosti

- KliCova zakonitost v ekosystémech z pohledu studia ekotoxikologie:
Zakonitost urcujicich abiotickych faktoru (ekologicka valence)“




Klicové zakonitosti v ekosystémech

1) Zakonitost urcujicich abiotickych faktoru (autekologicky pristup)

Ekologicka valence
rozsah hodnot faktoru, za kterych je schopen druh (populace) existovat
urcCujici faktory — napft. teplota, vihkost, pH ... koncentrace toxicke latky1, 2...n

stenotermni eurytermni stenotermni
(oligotermni) (polytermni)

OPT. OPT. OFT.

akeivita (rdst)




Ekologicka valence
Priklad — dva faktory
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Valence nutno chapat ,vice-rozmérné”:

Jednim z rozméru - vliv toxické latky (resp. smési chem. latek)
—> latky budou mit vyraznéjsi dopady (vySSi toxicitu) v podminkach,
které nejsou pro organismus optimalni

(napr. nedostatek potravy, vysSi teplota — globalni zmény,

zména optimalni salinity, obsah O, )




Klicové zakonitosti v ekosystémech

2) Zakonitosti vzajemného ovlivnéni organismu

(synekologicky pristup - kompetice/inhibice/symbioza/parazitismus)
- druh se vyskytuje nejen diky optimu environmentalnich
podminek, ale i proto, ze obstal v konkurenci

-> Ekologicka nika druhu / populace
- mnohorozmérny podprostor definovany jednotlivymi ekologickymi abiotickymi
faktory (teplota, vihkost, slunecni zareni...) a biotickymi faktory (pfitomnost potravy,

pfitomnost predatort ...).
- ,Fundamentalni nika* — prostor bez omezovani ostatnimi druhy

- ,,Realizovana nika“ — skuteCné obyvana nika
- ,Prazdna nika“ — druh vymre:

Priklad vyhubeni vlka = premnozZeni jelend, srnéi
- noveé obsazeni niky rysem -2 regulace v ekosystéemu




Klicové zakonitosti v ekosystémech

3) Zakonitosti zpétnych vazeb

4) Zakonitosti Casové posloupnosti
- po urcitych ekosystemech/spolecCenstvech se vyskytuji jen
urcita dalSi jina spoleCenstva (sukcese)

5) Zakonitosti prostoroveé
- urcCité ekosystémy jsou obklopeny jen urcCitymi dalSimi
ekotopy; mezi nimi existuji charakteristické prechody
(ekotony)

6) Zakonitosti biogeografie ostrovu
ostrov = relativne izolované misto; napr. paseka uprostred
lesa




EKOSYSTEMY a uéinky toxickych latek

V ekosystémech Ize sledovat (nha rozdil od manipulovanych
biotestu) pouze retrospektivni efekty

Posouzeni vlivu na urovni ekosystému
- zpravidla nelze hodnotit vztahy davka — odpoved:
efekty maji kategorialni charakter (STRES +/-, EFEKT +/-)

- Pri charakterizaci poskozeni je nutné vzdy zajistit srovnani s
"normalnimi” hodnotami..
? existuje normélni stav nebo vyvoj ekosystému ?




« STACIONARNI STAV

— klidovy stav, dlouhodobé ustalené hodnoty,

— neni bézny: ekosystémy jsou prirozene ,variabilni® (hodnoty se
dynamicky meni)

« STABILNI STAV

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

« DYNAMICKA stabilita / rovhovaha: HOMEOSTAZA

— stav, kdy se prostrednictvim AKCE/REAKCE udrzuje dlouhodobe
stabilni stav

« 1 SUKCESE
— ekosystemy nejsou nikdy ,stacionarni“ — prochazi v Case vyvojem:
— Cilem by méla byt ochrana ,plynuti“ — udrzovani HOMEORHEZY




SUKCESE EKOSYSTEMU

Sukcese je zakonity sled zmén druhového slozeni, ktery
vyust'uje v nahradu jednoho ekosystému druhym

- zmena prostredi ekotopu rozhoduje zda, kdy a jak rychle
sukcese probiha, ALE samotny prubéh je ovladan biocenozou

- sukcese konc¢ni ustalenym ekosystemem (klimax), v némz je na
jednotku dosazitelného toku energie produkovano nejvice
biomasy a nejvice symbiotickych vztaht mezi organismy

(v klimaxu diverzita opét klesa)




* Dhverzita

00

lor. 31 Hypoteticky prichéh sukcesa {Beguon, Harper et Townsend 1987): Zadfing nékolika pionyrskymi druby .p"
& mialou diverzitou spoloZemstva. Ta kulminuje ve stiednich fhzich sulcese, kdy se vyskytull spoleémé druhy
pionyrské ,.p”, stfedni sukcasni fize ,m” i kiimaxové druhy ,.c”. Pak diverzita cpét klesd, |ak Mimaxove

druhy vylufuji ostaini & stivalf s8 vyludnjmi dominantami.




Zmeny v ekosystémech

Teorie dopadu na
ekosystémy vychazi z
predpokladu, ze po
ukonceni pusobeni
podnétu se ekosystem
vraci do puvodniho
stavu (odpovida
principum homeostazy)

Soucasné ekosystemy
jsou vsak spise v
nerovnovaznych
stavech, studovat jejich
navrat do puvodniho
stavu (ktery v radé
pfipadu nezname) je
tak znacne obtizne
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Praktické hodnoceni ucinkll na urovni
spolecenstev

VICEDRUHOVE EXPERIMENTY
MIKROKOSMY
MEZOKOSMY




Vicedruhové hodnoceni ekotoxicity

Vypracovany a standardizovany komplexni postupy testovani
- simulace pfirodnich podminek
- model ekologickych vztahl mezi organismy (potravni retézce)
- hodnoceni nepfimych efektu
(likvidace producentu 2 dalsSi efekty v ekosystému)

Experimentalni usporadani
- podle velikosti (fada prekryt / nejednoznacné hranice)

- mikrokosmy voda - do 1 m3 stojaté, nebo 1 m tekouci
puda — experimenty s padnim jadrem
. mezokosmy LVELSi nez* mikrokosmy — sowwicrocosu

- rozdeéeleni podle usporadani
— laboratorni kontrolované podminky
- pfirodni podminky

15 em




Table 4.12 Listing of Current Multispecies
Toxicity Tests

Aquatic microcosms
Benthic-pelagic microcosm
Compartmentalized lake
Mixed flask culture microcosm
Pond microcosm
Sediment core microcosm
Ecocore microcosm
Ecocore |l microcosm
Standard aguatic microcosm
Stream microcosm
Waste treatment microcosm

Terrestrial microcosms
Root microcosm system
Soil core microcosm
Soil in a jar
Terrestrial microcosm chamber
Terrestrial microcosm system

. Versacore




Standardizace mikro- a mezokosmovych studii

Existuji i standardizovana doporuceni:

- mikrokosmy i mezokosmy

- vyuzivana nejcastéji pfi hodnoceni rizik pesticidd (prostredky na ochranu rostlin)
» US EPA Test Guidelines OPPTS 850.1900 Generic Freshwater Microcosm Test, Laboratory
» OECD - draft dokumenty

Postupy vsak obsahuji spise obecné pozadavky

- aklimatizace a priprava systému
- obecné podminky pro velikost
- sloZeni a pocty organismu

Kazdy vysledek z podobnych studii je cenny

- doposud relativné malo dostupnych dat (ve srovnani s "klasickymi biotesty")

v v/

- realizace a interpretace vyzaduje kvalitni ekologické vzdelani
- vysledky ¢asto nejsou verejné dostupné (vlastnictvi firem, které registruji pesticidy)

Stale jen ,,model“ — fada nedostatku

- Izolace od okoli (zamezeni pfipadné ,rekolonizaci*)
- Vnéjsi stény (mikrokosmy) — rychlé stridani teplot (vs. Pfirodni nadrze: stabilni) atd.




Table 1: Description and Comparisons of Expenimental Systems: Simulated Freshwater Lentic Field
Tests (Outdoor Microcosms and Mesocosms)

Characteristic/Parameter Outdoor Lentic Field | Outdoor Lenfic Field | Larger (Whole
(Dependent on Study Microcosm Mesocosm System) Lentic Field
Objectives) Mesocosm

Size (Volume) 107 to 10 m* ; 200- 1 to 10* m’; 100- 10° to 10° m’ ;

20,0001

100,000 1

300,000 1 or more

Time (Temporal Scale)

Hours to several

Days to many

Weeks to several

weeks or months months years
Contamer Examples Glass, plastic, Small pond, enclosed | Large earthen pond,
stamnless steel, portion of a larger small lake, larger
epoxy-resin, soil- pond or small lake enclosures
lined vats, tubs, (e.g ., Lund rubber
tanks, pools, concrete | fubes, bags,
ponds cylinders, or liners),
limnocorrals
Relevance/Simlarity to Low to moderate Moderate to lugh High
Natural Ecosystems (Low to
High)
Predicting/Extrapolatmg Low (due to Moderate to lugh High
Results to Natural enclosure artifacts) to
Ecosystems moderate
Orgamsms Included Primary producers All types, may All types, including

(algae, periphyton),
and mnvertebrate
herbivores and
consumers, usually
no fish. May include
macrophytes.

mclude macrophytes
and fish.

macrophytes and fish.

http://www.oecd.org/
fr/securitechimique/e
ssaisdesproduitschi
miques/32612239.p
df




Vicedruhové hodnoceni ekotoxicity
Prakticka realizace (principy stejné s biotesty)

(1) Biologicky systém
- Pfiprava, osazeni, aklimatizace
- Kontrolni varianta
- Jedna nebo vice (vice koncentraci) exponovanych variant
- Definovany pocCet opakovani (replicates)

(2) Expozice
- Davkovani
- pfimo do vodni faze (vodni mikrokosmy), postfikem na povrch
(simulace prirozené aplikace pesticidu), fada dalSich moznosti,
jednorazové opakovaneé ...)

- Doba expozice
. podle typu mikro/mezokosmu — tydny az roky

(3) Hodnoceni parametru / srovnani kontroly vs. expozice




Priklad — laboratorni akvaticky mikrokosmos

Table 5.2 Some organisms
used in the standardized Algae

. - o I'e -
aquatic microcosms. Anabaena cplindrica
Ankistrodesmus sp.

Chiamydomonas reinhardi 90
Chiorella vulgaris

Lyrghya sp.

Nitzschia kuteigiana {Diatom 216)
Scenedeswmus obligurs

Animals
Dapdia maana
Hyadella arteca (amphipod)
Cypridepsis sp, or Cyprinotus sp. (ostracod)
Hypotrichs (protozoa)

- silica
sand

Chitin
cellulose

Fig. 5.2 Components of a standardized agquatic microcosm.




Priklad
Table 4.13 Summary of Test Conditions for Standardized Aquatic Microcosms:

- pozadavky Lol
na laboratorni = Test type Multispecies
5 rganisms
mikrokosmos ,
|_|I'|:‘E and number of test _ﬂ.lgae ltadded on ._-jﬂ}-' 0 at inikal concentration of
organisms per chamber 107 cells for each algae specias):
- model stojatého Anabaena cylindrica,

Ankistrodesmus sp.,

Chlamydamorias reinharai 90,

Chiorella vulgan's,

Lynabya sp.,

Nilzechia kutzigians (Distom 2163,
Scenedesmus obliguus,

Selenasirum capricornulum,
Shigecclonium sp., and

Lotz sp.
Animals {added on day 4 at the initial numbers
indizated in parentheses):

Daphnia magna [16/microcosm),
Hyalalla azteca {12/microccsm),
Cyonidopsis sp. or Cypninolus sp.
{osiracod) (B/microcosm),

Hypetrichs [protozoal (0.1/ml) (optional],
and Philoging sp. {rofifer) (0. 0% 'ml)

(lotického) ekosystému

Experimental dasign
Tesl vessal type and size 1-gal {3.8-1) glass jars are recommended;
saft glass is salistactory if new containors are
used; measurements should be 16,0 em wide

at tl‘u;— shouldar, 25 cm tall with 10.6-cm
openings




Priklad

- pozadavky
na laboratorni Medium volumae
Mumber of replicates

mikrokosmos Mumber of concentrations
Reincculation

- model stojatého
(lotického) ekosystému Addition of test materiale

sampling frequancy
Tast duration

Physical and chemical parameters
Tempearature

Wark surface

Light guality
Light imtensity

Phatopericd

Microcosm medium
Sadiment

pH lavel

Endpaint

URBTINgE
200 ml added o sach contalner
5]
4

Qnce per week add one drop (ca 0.05 mi 1o
each microcosm from a mix of the ten species;
5« 107 cells of each alga added per microcosm

Add material on day 7, test material may be
added biwsekly or weekly after sampling

& timeas aach week unfil end of test

B3 days

Incubator or temperature controlled room is requinzd
presading an emvironment 20 to 25°C with minimal
dimensions of 2.6 = 0.85 x 0.& m high.

Table at leAst 2.6 = 0.85 m and having a white
or light colored top or covering

Warm white kgt

80 UE m= photosynthelically active radiation
g~ (8501000 fc)

12 hlight12 h dark

Medium Ta2hy

E—nrp_nc-scti of silica sand (200 g), ground, cruds
chitin (0.5g). and cellulose powdear 0.5 q) addad
o sach contalner.

Adjust to pH 7

Population dynamics, chemistry, st




Preparation

1 Week ¢

Inoculation
of Algae

Reduce from 24
to 30, Macroinvertebrate
addition and dosing

7 days

4
>

2x week, dissolved nutrients

and hardness 2x week, animals, algae, pH,

optical density, algae, protozoa,
light, volume, algal matts

35 days I

1x week, dissolved nutrients
and hardness
l Y

AR R Ty i ey =

63 days

Figure 4.1 Timeline for the standardized aquatic microcosm. The 63-day toxicity test is specific
in its sampling requirements, acclimation times, and dosing.




Priklad 2

- jednoduchy
laboratorni
akvaticky mikrokosmos

- simulace tekoucich vod

E<

o

E

B

Figure 7. Flow-through exposure chamber for flow-through tests with
polvchaetes. The exposure chamber 1s a glass crystallizing dish with an
inflow of water over the sediment surface. Arrows show flow of water
into the test tube (b) through silicone tubing (a), which has a piece of
glass tubing (c) attached at the bottom, then through an elliptical open-
ing (d) cut in the side of the test tube and into the dish just above the
sediment surface. Water circulates around the dish and leaves through
a siphon and catch cup. (Reprinted with permission from Pesch, C. E..
Munns, W. R. Jr., Gutjahr-Gobell, R.: Effects of a contaminated sedi-
ment on life history traits and population growth rate of Neanthes ar-
enaceodentata (Polychaeta: Nercidae) in the laboratory. Environmental
Toxicology and Chemistry 10(6):805-815. Copyright 1991, SETAC.)




Simulované potoky (experimental stream)
U of Michigan




Priklad — laboratorni terestricky mikrokosmos




Priklad

- pozadavky

na terestricky
mikrokosmos

v pudnim jadre

Table 4.16 Summary of Test Conditions for Conducting A Terrestrial Soil-Core

Microcosm Test

Test type

Multispecies toxicity test

Organisms

Experimental design
Microcosm size and type

Soil volume

Number of replicates

Number of concentrations
Leaching

Test duration

Physical and chemical parameters
Temperature

Lighting
Watering

Endpoint

Varies; dependent on site being tested

60-cm-deep by 17-cm-diameter plastic pipe
made of ultra-high molecular weight, high-
density, and nonplasticized polyethylene and
contains an intact soil core covered by
homogenized topsoil; tube sits on a Buchner
funnel covered by a thin layer of glass wool

40 cm intact soil core;
20 cm homogenized topsoil

Each cart holds 6-8 microcosms; place
microcosms paired for analyses in different carts
to ensure that all microcosms are housed under
similar conditions.

]

At least once before dosing and once every 2
or 3 weeks after dosing

12 or more weeks

Based on season of region being tested;
insulated cart is used to prevent drastic
temperature changes

Based on season of region being tested

Determined on the basis of site history; use
either purified laboratory water or rainwater that
has been collected, filtered, and stored in a
cooler at 4°C

Many




Venkovni (outdoor)
akvaticky mikrokosmos s makrofyty

Potted Macrophytes

\f/’/

J Collector
™ A i o
' s *r;ﬁ?" / s e O " for Emergent
R R T L Insects
f'“ dg “-—
. ' : —[  Periphyton
j ; Sampler
D L oM -|-""I .-*;' wa o oo
oD HD HG SHE MG + o5 P T G
RE8230553305¢ 1+¢1+$¢§¢++I+I¢I¢I:* 005
Sediment

Figure 4.2 FIFRA microcosm experimental unit. An example of a microcosm experimental unit
designed to test the effects of a herbicide on an aquatic environment. This particular
setup does not include fish since the predatory effects would tend to hide lower
trophic level effects upon the invertebrate populations. Typically, a FIFRA micro-
cosm experiment includes fish species, particularly when acetylcholinesterase
inhibitors or other toxicants particularly effective against animal species are tested.




Priklad

- pozadavky

na venkovni Table 4.15 Summary of Test Conditions for Conducting Outdoor Aquatic Microcosm
mikrokosmos Tests to Support Pesticide Registrations

pro registraci Test type Multispecies toxicity test

pesticidﬁ Organisms Add: bluegill sunfish (Lepomis macrochirus),

fathead minnow {FPromephales promelas), channel
catfish [lelalurus punctatus), or others
may be present (Phytoplankion, periphyton,
zooplankton, emergent insects, and benthic
macroinvertebrates)

Size of organism Biomass of fish added to the microcosms should
not excead 2 g/m® of water.

Experimental design®

Test vessel size and type  Tanks with a surface area of al least 5 m?®, a depth
of at least 1.25 m, and a volume of at least & m®
made of fiberglass or some other inert matenal;
smaller tanks could be used for special purposes in
studies without fish.

Addition of test material  Allow microcosms to age for approximately 68
weeks before adding test material.
Apply by spraying across water surface, apply tha
test material in a soil'water slurry, or apply test
malerial in a water based stock solution

Sampling Begins approximately 2 weeks after the
microcosms are constructed and continues for 2
or 3 months after the last treatment with test
material; frequency depends upon the characteristics of test

‘ substance and on treatment regime




Priklad (pokracovani): pozadavky na venkovni mikrokosmos pro registraci pesticidi

Table 4.15 Summary of Test Conditions for Conducting Outdoor Aquatic Microcosm
Tests to Support Pesticide Registrations

Test type Multispecies toxicity test
r—
Physical and chemical parameters
Tempserature Maintained by partially burying tanks in the ground
or immersing in a flat-bottomed pond
Sedimeant Obtained from existing pond conlaining a natural

benthic community; added to each microcosm
directly on the bottom, in trays, or other containers;
sediment should be 5 cm thick

Water Obtained from healthy, ecologically active pond;
water level should be set in the beginning and not
allowed to vary more than £10% throughout study;
if water level falls more than 10%, add pond water, fresh well
watar, or rain water; if water level rises more than 10%,
surplus should be released and retained.

Weather Should be recorded at the study site or records
obtained from a nearby weather station; data
should include air temperature, solar radiation,
precipitation, wind speed and direction, and
relative humidity or evaporation

1 Dosage levels, frequency of test material addition, and number of replicates per dosage level
are determined based on the objectives of the study.




Priklad — akvaticky mikrokosmos s makrofyty




Priklady — venkovni mikrokosmy

Figure 6. Photograph of outdoor micracosm test systems (10,000-L tanks) located at the University of Kansas. These fiber-

£lass m“.k.s have been used by Springborn Laboratories, Wareham, MA. 1o evaluate the impact of pesticides on aguatic
communities.




Piiklad Priklady — litoralni
v:nk?)v)rci_ plovouci (pribrezni) mikrokosmos
mikrokosmy

(L T

:ii HE, =
= 7
=T
o L
q ]. Support posts
ih

— Waight
Figure 7. Schematic of Hamburg enclosurs. (From Grice aad Reeve, 1982, Reprinted wi
permission from Springee-Verlag, New York, Inc.)

Plastic wrapped around
2.56m x 5.0 cm lumber

2.5 em x 5.0 cm lumbar
woven infc slated-fancing I I ||'
———
Slattad-tancing = [T

i || |/ 1
Pand bettem J S
e
Plastic wrapped around
slattad-fencing

———

Figure 11. Schematic diagram of 2 livoral snclosure (Reprimed with permission from Savirormenial
Tosicodayy and Chiemistry 8(12): 1209- 1216, Brazner, §. ., Heinis. L. 1. Jensen. D. A, A littoral
_ sclisure for replicited Geld experiments. Copyright 1989 SETAC)




Venkovni experimentalni mikrokosmy
UFZ Leipzig




Priklady — venkovni mikro(mezo) kosmy — tekouci voda
UBA Nemecko

Figure 13. A:_liﬁcial stream system‘of the Water, Soil and Air Hygiene Office, Marienfelde, Germany. Facility has been used
to study the c:tfccts_ of sewage, nutrients, and detergents on stream ecosystem. Large building in the center is a pilot sewage
treatment plant which contains automated sampling ¢quipment. (Photo by P. D. Hansen.)




Priklady — venkovni mikro(mezo) kosmy — tekouci voda

Figure 14. Photograph of recirculating artificial stream system developed by Shell Research (England).




Priklady — venkovni mezokosmy:
U of North Texas
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Vyhodnoceni vysledki mikro / mesokosmili

HODNOCENE PARAMETRY

- hodnoceni v ramci jednotlivych druhu
- mortalita, rust
- reprodukce
- populacni charakteristiky

- hodnoceni spoleCenstva — ekologické efekty

- Strukturni parametry: taxonomie, indexy atd.
(v praxi jsou hodnoceny ¢astéji nez funkcni p.)

- funkcCni parametry
zasoby — Ziviny, energie
procesy — produkce, respirace ...




2 m“ microcosm 480 m“ mesocosm

Organism > M H WH L M H VH
Priklad Zooplankton
gg::;;gda O B B O 0 0 0O
Sledovani zmén | oo o3 E§Won
v Macroinvertebrates
ve spolecCenstvu Oligochasta O 0O O 0O O 0 O O
ovlivhéném 3 davkami Ephemeroptera - Baetidae " = 0 B 3 3 3 3}
. . - Caenidae
pesticidu I N I ! R R B X
Odonata 0 0 0 . O O O g
(L-low, M-medium, Diptera - Chaoboridae E § N & E 1 § &
. . - Chironominae
H-hlgh, VH = vehicle / - Tanypodinae O 0O O 0 0 0O
kontrola rozpoustédia) 0 0 @ © U §F § B
Fish - zt:omaf O 0 0 O O 0 0 O
Dvé rtzna usporadani: - reproduction 0 @ ®§ ¢ 0 0O 0O O
0 0 n0 0
Mikro vs. mezokosmos O = no effect (quantitative or qualitative)
(mala nadrz vs. Jezero) quantitative decrease W = <50%, W =50-95%, W =>95%

quantitative increase @ = <50%, = 50-95%, = >95;
qualitative data § = decrease, ¥ = increase.
Treated with 10 drift (D) and 5 run-off (R) applications; each application as % of USA maximum

label cotton rate:
_ microcosm mesocosm
Low D07%+R42% DO0B8%+ R5.1%
Mid D18%+R42% D21%+R51%

High D35%+R42% D4.2%+R5.1%
Very High D 3.5% + R 21% D 4.2% + R 25%
Survival of juveniles (microcosms) and aduits (mesocosms) added prior to pyrethroid treat-

ments.
_ Biomass of juveniles (microcosms) and adults/vouna-of-vaar invaniles Imacacnemel




FUNKCNi PARAMETRY EKOSYSTEMU

1) Zdroje a pohyb zivin / energie
(autochtonni — vnitrni / allochtonni — externi)
* prenos energie = potravni sité
— pastevné koristnicky / paraziticky / dekompozicni
— producenti 2> konzumenti - destruenti/dekompozitori

2) Procesy v ekosystémech

* Produkce Primarni: CO, + H,0 + hv — (CH,0) + O,
Sekundarni produkce (v potravnim fetézci

 Respirace / dekompozice

Metriky sledovani procesu:
balance / vymény koncentraci plynu - O2, CO2, NOy atd.

3) Resilience / Elasticita
 jednotka [1/ time unit]

« kapacita prekonat stres & ¢as nutny k prekonani stresu
— VvyS&Si: rychle rostouci a rozmnozujici se druhy (phytoplankton)
— nizSi: delSi generacni doba (bentické organismy, ryby)




Dalsi priklady:
Vicedruhove ,festy’ s mikroorganismy
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Mikrobialni ekotoxikologické biotesty

B) testy s komplexnimi spoleCenstvy bakterii

(1) Inhibice respirace aktivovaného kalu

- stanoveni efektu toxicke latky na respiraci bakterii
- komplexni (nedefinované) spoleCenstvo
- zdroj — laboratorni kultivace, €istirny odpadnich vod

(biologickeé cisténi)
- expozice - Erlenmayerovy nadoby

- vyvhodnoceni — stanoveni spotreby kysliku
(oxymetr, DO — dissolved oxygen)
- modifikace — stanoveni dalSich parametr — nitrifikace ....

DO meter

oo

DO recorder

©) - .

DO probe

EOD hottle

IMlagnetic stirrer



Mikrobialni ekotoxikologické biotesty

B) testy s komplexnimi spolecenstvy bakterii

(2) testy kvality pudnich mikrobialnich spole€enstev
- usporadani:
A) srovnani kvality pud z ruznych lokalit
B) uméla puda s externé pridavanymi bakteriemi + testované vzorky

- komplexni (nedefinovaneé) spoleCenstvo
- stanoveni 1) biomasa — celkové mnozstvi bakterii
2) respirace a dalSi metabolické parametry




Moznosti studia ucinku latek v
ekosystémech

* Retrospektivni in situ pozorovani
* Modelovani



Moznosti studia ucinkl v ekosystémech
- polni studie, biomonitoring -

Hodnoceni ekosystému
- charakterizace abiotickych a biotickych slozek
- specifika akvatickych a terestrickych ekosystému

Charakteristiky (parametry)
strukturni parametry - druhové slozeni, pocCty, abundance
funkéni parametry - toky energii a latek

Akvatické ekosystémy Terestrické ekosystémy




Polni studie, biomonitoring

Moznosti hodnoceni pusobeni stresu
! Pro posouzeni stresu je nutne srovnani s "kontrolou”

(1) srovnani "pred a po" pusobeni stresu
kontrola = stav ekosystému pred pusobenim
- predpoklada monitoring prfed pusobenim stresu (sledovani stavu
abiotické a biotické sloZzky ekosystemu)
- zname pozadoveé hodnoty a "pfirozeny" stav

(2) srovnani exponovaného ekosystému s jinym
nezasazenym ("kontrolnim") ekosystemem

klicovy je vybér kontrolniho ekosystému:

- oba ekosystémy maji srovnatelné viastnosti abiotické (terén, geologie,
nadmorska vyska ...)

- za normalniho stavu se predpokladaji podobné biologické viastnosti (tj.
shodna spolecenstva, potravni vztahy ...)

- Odvozeni zavéru je v tomto pripadé vzdy slozZité (neexistuji dva stejne /
Stejné se vyvijejici ekosystémy)




Polni studie, biomonitoring

Prakticky postup pfri polni studii / biomonitoringu

(1) charakterizace lokality, pruzkum pfimo v terénu

(2) definice hodnocenych parametru prislusného ekosystému ve vztahu k
pusobeni stresu
- abiotickeé slozky
- biotické slozky — strukturni a funkCni parametry

(3) definice odbért (vzorkovani, ¢etnost, pocty)
- abiotickych slozek (voda, sedimenty, puda, vzduch)
- biotickych slozek (producenti — konzumenti — destruenti)

(4) realizace odbéru / analyzy / hodnoceni

(5) srovnani EXPOZICE vs. KONTROLA, zavéry




Polni studie, biomonitoring

(1) charakterizace lokality, rekognoskace terénu

- rozdilna charakterizace v zavislosti na typu
- terestricky ekosystem
terénni vlivy - svazitost, vegetace ...
- akvaticky ekosystem
tekouci — stojaty, hloubka - plocha, rychlost toku, ¢lenitost (makrofyta ...)

- dalsi charakteristiky, které je treba zaznamenat:
- pfevladajici poCasi, sméry vétru, intenzita svétla ...
- specifické parametry (pritomnost antropogennich aktivit, zdroje
znecisténi ...)
- mapovy zaznam




Priklad 1:
Terestrické prostredi:
vliv skladky

Priklad 2:
Vodni prostredi - feka




Polni studie, biomonitoring
(2) definice parametru ve vztahu k plsobeni stresu

- abiotické slozky
- ve kterych slozkach (voda, sediment, puda, vzduch) pusobi/il stresor ?
- kde Ize prfedpokladat rezidua toxickych latek ?

- biotické slozky
definice organismdu, které budou sledovany pro posouzeni pusobeni stresu:
- vztah k pusobeni stresu (pf. planktonni organismy — latky s tendenci
zustavat ve vodnim sloupci, tj. hydrofilni vs. sedimenty-hydrofobni)
- hodnocené skupiny (pr. producenti — rasy; konzumenti — zooplankton,
ryby; destruenti — planktonni bakterie)
- klicové druhy, bioindikatory ...

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




Parametrizace ekosystému

e Strukturni parametry
« Slozeni a charakterizace abiotickych Casti

« Slozeni a abundance biocenoz
» Floristické a faunistické zaznamy (viz jinde)

 Funkcni parametry

* Obecné vyznamnéjsi (komplexnéji reflektuji strukturu), ale
« Komplikovangéjsi stanoveni
 Méné prostudované

« Zakladni funkéni charakteristiky
— velikost zasob latek a E (pool sizes)

— procesy (pool processes)
— elasticita / resilience




Polni studie, biomonitoring

(3, 4) definice a realizace odbéru (vzorkovani),
analyzy definovanych parametru

- odbéry a analyzy abiotické slozky
- navrh a rozlozeni vzorkovacich mist
plosné, vertikalni — hloubka, odbery vzduchu
- spojovani a vytvareni smésnych vzorku ("pramérny"” vzorek z lokality)
- hodnoceni zakladnich chemickych parametrt (obsah uhliku, pH ...)
- charakterizace a stanoveni kontaminace
- techniky analytické chemie a chemie zivotniho prostredi

- odbéry a analyzy bioty
- navrh a rozlozeni vzorkovacich mist
- vzorkovani — podle typu organismd ....
- charakterizace a stanoveni definovanych biotickych parametru
- techniky botanickych, zoologickych, mikrobiologickych a ekologickych disciplin
- charakterizace a stanoveni kontaminace bioty
- techniky analytické chemie a chemie Zivotniho prostredi




Polni studie, biomonitoring

Pr: vzorkovani — navrh rozlozeni vzorkovacich mist
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Polni studie, biomonitoring

Pfr. vzorkovani — odbéry abiotickych vzorku

Voda Sediment

Eckmanuv
drapdk



Polni studie, biomonitoring

Pfr. vzorkovani — odbéry abiotickych vzorku

Vzduch

Pudni sonda
- puidni jadro
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Polni studie, biomonitoring

AKVATICKE PROSTREDI
— odbéry biotickych vzorku -

Planktonni sitky Periphyton — narosty, biofilmy




Polni studie, biomonitoring

AKVATICKE PROSTREDI
— odbéry biotickych vzorku -

Benticti bezobratli Ryby




Polni studie, biomonitoring

TERESTRICKE PROSTREDI
— odbéry biotickych vzorku -

ROSTLINY Bezobratli




Polni studie, biomonitoring

TERESTRICKE PROSTREDI
— odbéry biotickych vzorku -

mali obratlovci




Polni studie, biomonitoring

(5) srovnani exponovaného a kontrolniho ekosystéemu,
vyhodnoceni vysledku

a) zakladni parametry srovnavanych systému by mély byt blizké
(napf. hodnoty pH, tvrdost vody, shodné geochemické parametry — podlozi ...)

b) chemicka kontaminace PROSTREDI / BIOTY v obou systémech

? existuji rozdily v koncentracich toxickych latek
? existuje vztah mezi koncentraci v prostredi a v bioté (? bioakumulace)

c) srovnani biotickych parametru v obou ekosystémech
? existuji rozdily v taxonomickém slozeni spoleCenstev
? existuji rozdily v pokryvnosti-abundanci-biomase
? srovnani potravnich vztaht
? posouzeni rezistence a resilince (jak dlouho stres pusobil a jak dlouho jiz neptsobi)




