BIOMONITORING a BIOINDIKACE




Biologicka indikace:

Zeleza a manganu
Sirovodiku
Vapniku

Salinity
Acidifikace
Organickych latek



Bioindikace - pokracovani

e Netoxickeho fekalniho znecisténi
« SAPROBIOLOGIE

* Toxickych latek
» REPRODUKCE
» BIOMASA
» BIODIVERSITA

 Eutrofizace



Human toxicology
Individual medicine
Empirical research

Ecological
medicine

Environmental sciences
Basic causal research
Ecotoxicology

Termin ,,zdravi vodnich ekosystému* odrazi multikriteridlni systém
a multidisciplinarni pojeti souvislosti.



Table 3. Consequences of DNA damage of different organisational levels in
systems.

Level of biological organisation Effects
DNA Mutations
Cell Cell death

Disordered proliferation and differentiation
Neoplastic transformation

Tissue/Organ Functional defects
Malformations
Tumours

Organism Reduced viability
Reduced fertility

Population Reduction of population size
Extinction

Ecosystem Reduction of species diversity
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Overview of elements of environmental quality and the proposed indicators and variables for the river Rhine.



USE/OVERUSE OF

GOODS AND SERVICES RIVER ENVIRONMENT

CHANGE TO

FEEDBACKS TO
RIVER ECOSYSTEM

floodplain reclamation
for agriculture

flood protection
of habitation

channelization

navigation

weirs & dams

energy winning

deforestation

LINKAGE TO ECONOMIC SYSTEM
(SECTOR AFFECTED)

loss of landscape

provision of fuel
and building material

low discharge

increased sedimentation

water extraction for
drinking water,
irrigation, industry

\\L ' \4,

emissions of
organic matter,
salts & nutrients

change in water quality
- oxygen depletion
- salinization

-q_———l‘ _———‘ R —

waste & surplus
disposal

emissions of
persistent
micropollutants

- increasing toxicity

BIOTIC

> quality and nature area
(recreation)

salty irrigation water
(agriculture)

polluted sediment
) {agriculture,iransport)

_________ ABIOTIC ___________,
i loss of habitat area and diversity
in floodplain and channel
loss of longitudinal and lateral
natural dynamics and connectivity| !
soil erosion and

change 1n species composition
- decrease in diversity

- increase in tolerant species

- change in spatial distribution
- extinefions

change in processes
- increased primary production
- increase in respiration
- disruption of life cycles

morphological malformations
and diseases, bioaccumulation

purification problems
(drinking water, health)

polluted and
smelling water
(recreation)

loss of biodiversity
(recreation)

decreasing fish stock
(recreation, fisheries)

high toxicant levels

in fish (recreation,
fisheries, health)

Overview of human use, changes made and effects on the river ecosystem and on socio-economic sectors.
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Figure 2.

Conceptual model of
indicator, showing
linkages between various
types and classes of
stressors and component
metrics (Derived from
Karr et al., [1986],
Fausch et al., [1990], and
McCormick and Peck,
[2000].
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Pollutant

e

(e.g. a heavy metal)

o e

Bioindicator/

Biomonitor
Biotic
Environment factors

Pollutant B (e.g. an

organic compound})

Abiotic factors

(e.g. temperature, precipitation, NO;)

Simplified representation of complex (eco-)syslem interrelations with regard to a pollutant, and consequences for
bioindication and biomonitoring (from Maekert, 1996).

A rule, : pollutant affects an organism (bioindicator/biomonitor).

Both the organism and the pollutant interact closely with other ecosystem compartments. The life activity of the organism is
therefore influenced by a great number of abiotic and biotic factors and may often be subject to the action of several
pollutants, especially under "natural” field conditions. With regard to the interpretation of the "information" given by the
bioindicator/biomonitor, the problem often arises as to where the change observed or measured in the bioindicator/biomonitor
really originates. Soitis rather probable, that pollutant A does not interact synerqistically or antagonistically with pollutant
B. Moreover, the absorption, location and metabolism of both have not yet been adequately described. However, pollutant A
mav also affect other biota, which may react even more sensitively to A than the bioindicator itself. If this sensitivity results in
a change in the population density of a more sensitive organism, the occurrence of the bio indicator itself may also be
affected, at least if the former is in direct or indirect competition with the latter. The question remains as to whether it is
possible at all to make a statement about the current condition of the ecosystem as a whole by examining a single
bioindicator.




2 Zakladni typy indexu:

* Indexy diverzity — druhova rozmanitost,
biodiverzita

» Biotické indexy — na rozdil od indext
diverzity vychdzeni z predstavy rozdilnych
vztahu organismu k podminkam prostiedi —
volba reprezentanta — indikacCni druhy




SpoleCenstva reaguji na:

Trofii (s projevy na strukturu populaci a
spoleCenstev fyto 1 zoobentosu/planktonu, ryb a
makrofyt)

Toxicitu (akutni, chronickou, reproduk¢ni)
Saprobitu (org. Netox.znecisténi, kyslikové
pomery)

Spec. Znecisténi (specific. Typy latek — farmaka,
endokrinni disruptory, patogenni organismy,

Acidifikaci a zmény pH
Hydrologické poméry




Benthic organisms have differing tolerances to
pollution; their relative populations help indicate
sediment quality
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Plecoptera

Ephemeroptera

Coleoptera




Tabulka 19

Srovndnf stupiit limnosaprobity s dal§fmi charakteristikami (Kubféek a Zelinka, 1982)

-1
_ e BSKs x O: mg. 1
Saprobita Rybf pdsmo Trida &istoty vody -1 -
, mg.1" Oz | primér | minimum
xenosaprobita pramenné struzka + I.a
pstruhové velmi ¢istd voda
vhodné pro veskeré pouZitf 0,60 9,5 8,5
oligosaprobita pstruhové+ ILa
lipanové dtto 1,60 9,5 8,0
beta-mezosaprobita parmové + ILLb
cejnové dtto 3,10 8,0 5,0
alfa-mezosaprobita odolné II. az
druhy ryb mélo znedisténa voda, neodpovidé
podminkam zésobovéan{ 6,15 6,0 1.5
IIL
znecisténé voda, i pramyslové
pouZitf vyZaduje Gpravu
polysaprobita bez ryb III. aZ
dtto 17,0 3.5 0
V.
nepffpustné znecisténé voda




Priklad xenosaprobnich a oligosaprobnich organismii

a - perlooCka Holopedium gibberum, b - vodni mech Fontinalis, ¢ -
dvojCatkovita fasa Micrasterias truncata, d - plosténka Dugesia
gonocephala, e - jepice Epeorus asimilis, f - rozsivka Tabellaria
flocculosa, g - ploSténka Crenobia alpina, h - obrnénka Ceratium
hirundinella, i - rozsivka Meridion circulare



Priklad betamezosaprobnich organismu

a - rozsivka Asterionella formosa, b - zelena fasa Pediastrum boryanum,
c - ménavka Amoeba proteus, d - zelena fasa Scenedesmus
guadricauda, e - jepice Cloeon dipterum, f - vifrnik Brachionus
urceolaris, g - plosténka Dendrocoelum lacteum, h - kamenomil fi¢ni, i -
virnik obecny, j - poSvatka rodu Perla



Priklad alfamezosaprobnich organismii

a - nalevnik Stentor coeruleus, b - okruzanka Sphaerium corneum, c -
biCikovec Anthophysa vegetans, d - pijavka Erpobdella octoculata, e -
rozsivka Navicula viridula, f - larva branénky Stratiomys sp., g - biCikovec
Bodo saltans, h - biCikovec Cryptomonas erosa



Priklad polysaprobnich organismu

a - bakterie Sphaerotilus natans, b - pakomar Chironomus thummi, c
- niténky Tubifex tubifex, d - pestfenka r. Eristalis, e - vifnik Rotaria
neptunia, f - biCikovec Hexamitus inflatus, g - biCikovec Bodo
putrinum, h - bakterie Beggiatoa alba



CHEMICAL STRESS
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A graphical model relating frequency of disturbance (for example, number
of dosing intervals) and the intensity of chemical stress (for example,
loading rate and mass of chemical) to the nature and diversity of
invertebrates in aquatic ecosystems. Redrawn from Southwood (1988).



Z.oobentos (viz Aplikovana hydrobiologie)




Srovnani dat monitoringu chemického a zoobentosu
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DRUHOVA PESTROST BENTICKYCH
BEZOBRATLYCH 1989-2003
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Struktura rybich spoleCenstev

* Vliv toxickych latek na:
 Pfirozenou reprodukci rybich spoleCenstev
e Rust a vyvoj ryb
 Strukturu vékovou a druhovou
e Malformace
e Cetnost a struktura paraziti
* Nachylnost k chorobam
 Histopatologické zmény
» Gonady
» hepatopankreas



..agregat — vyzkum rybich spoleCenstev




RYBI SPOLECENSTVA: BIOMASA, DRUHOVA
PESTROST, HUSTOTA RYBI OBSADKY 1989-2003
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Kombinace biotestu na Ceriodaphnia a vodivost s
ostatnimi parametry (ryby a zoobentos)

Cedodaphnia Survival and Cond uctivity
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Biokumulace rtuti v rybi svaloviné ma vzestupnou tendenci
stejné, jako analyzy sedimenti na stejné lokalité
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Priklady koeficientil akumulace nékterych radionuklidt v €erstvé
hmotnosti organismu (Oglesby a kol., 1972)

ZAric
Organismus Ngy 137Ca ®0co 131] 14994 °H
voda 1,0 1,0 1,0 1,0 1,0 1,0

rasy 10-3 000 50-25 000 2500 200
makrofyta 100- 350 50-1 000 60 75-400
bezobratli:
detritoZravci 40-4 000 60-11 000 20-1 000
rostlinozravci 1,0 600 325
masozravci 800
ryby (svalovina):
viezrave 1-100 160-1200 50 25-50 150 1,0
masozrave 1-100 120-1 400 25-30 1,0




smér toky ———>»

Pribéh zmén v koncentraci toxickych latek a v rozvoji fas a zivo€ichu v
podélném profilu toku pfed vyusténim zdroje znedisSténi a po ném.
Kolmou Sipkou vyznacen prisun toxické latky (tl): f rasy, z zivociSné
druhy (podle Hynese, 1960)




Srovnani stupnt limnosaprobity s dalSimi charakteristikami (Kubi¢ek a Zelinka, 1982)

BSKSx O, mg.I"
Saprobita Rybi pasmo Trida Cistoty vody mg. 1" O, pomé&  minimum
. pramenna struzka + . a o
xenosaprobita pstruhové velmi ¢ista voda
vhodné pro veskeré pouziti 0>60 9,5 8,5
oligosaprobita E;;T:févw lcittao
1,60 9,5 8,0
beta-mezosaprobita S:j:z:\e’/e ¥ lcitfo
3,10 8,0 5,0
Il. az
malo zneciSténa voda, neodpovida
alfa-mezosaprobita odolné podminkdm zasobovani
druhy ryb 11 o o , 6.15 6.0 15
znecCisténa voda, i primyslové
pouzti vyzaduje Gpraw
. az
. dtto
polysaprobita bez ryb N
' 17,0 3,5 0

nepiipustné zneciSténa voda
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Malformace obojZivelnikt — ekotoxikologie
vodnich ekosystemu BIOINDIKACE 1n situ




Bioindikace TROFIE

* MozZnosti detekce trofie:
« Koncentrace a formy Zivin (N, P, Mg, Fe .. Dle
limitace)
* Chlorofyl a dalsi pigmenty
e Biomasa makrofyt

* Biomasa fytoplanktonu a fytobentosu
» Pocty bunék
» Objemova biomasa
» Primarni produkce
» Struktura populaci a spolecCenstev



Metody bioindikace trofie 1

* Biomasa a struktura makrofyt
» Mikroskopicka analyza fytoplanktonu

» Mikroskopicka analyza
* Fytobentosu
 Perifytonu
* Epipelonu
 Epiliton
* Epidendron



Metody 2

* Pfirozené¢ substraty

* Um¢éle substraty

o Sklo Cisté a brousené
» Kulaté — 1.5 cm
» Obdelniky - podlozni sklo a 5x40 cm

« Kameny dle geologického podlozi

« Kompozitni materialy

» Stativy plovakové a benticke



Table 7. Algal bioindicators for trophic levels (from Kimmerlin, 1990). Species which are

common but have no indicative value are listed under ‘eutraphent’.

Trophic level

Algal group

Algal species

Oligotrophic

Oligo-mesotrophic

Mesotrophic
Eutrophic

Eutraphent (eurydk)

Bacillariophyceae
Chrysophyceae

Xanthophyceae
Cryptophyceae
Cyanophyceae
Cryptophyceae
Bacillariophyceae
Cyanophyceae

Bacillariophyceae

Conjugatophyceae
Bacillariophyceae

Dinophyceae
Cryptophyceae

Cyclotella bodanica
Chromulina erkensis
Chromulina rosanoffii
Istmochloron trispinatum
Cryptomonas obovata
Microcystis wesenbergii
Cryptaulax vulgaris
Tabellaria fenestrata

Microcystis aeruginosa
Aphanizomenon flos-aqae
Anabaena planctonica
Stephanodiscus hantzschii
St. astrea

St. binderanus

Mougeotia thylespora

Asterionella formosa
Cyclotella radiosa
Ceratium hirundinella
Rhodomonas minuta
Cryptomonas ovata




Table 2. Parameters for the trophic characterization of rivers and lakes (modified from

Felfoldy, 1987).

Trophic level Algal abundance Chlorophyll-a  Primary Primary

[10%ells 1] [mg 1] production production
[mgCm~“d'] [gCm2a ']

|  Ultra-oligotrophic <0.01 <] <5p <10

2 Oligotrophic 0.01-0.05 1-3 50-125 10-25

3 Oligo-mesotrophic 0.05-0.1 3-10 125-250 25-50

4 Mesotrophic 0.1-0.5 10-20 250-500 50-100

5 Meso-eutrophic 0.5-1.0 20-50 500-900 100-175

6  Eutrophic 1-10 50-100 900-1,500 175-300

7 Eu-polytrophic 10-100 100-200 1,500-2,500 300-500

&  Polytrophic 100-500 200-800 2,500-4,000 500-800

9  Hypertrophic =500 >800 > 4,000 =800




Table 8. Concentrations of total phosphorus (TP) for
the trophic categories as defined by Schonfelder
(1997).

Trophic status Range of TP
[ng 1]

Ultraoligotrophic <43
Ultra- to oligotrophic 4.3-7.0
Oligotrophic 7.0-11.6
Oligo- to mesotrophic 11.6-19.1
Mesotrophic 19.1-31.5
Meso- to eutrophic 31.5-51.9
Eutrophic 51.9-85.6
Eu- to polytrophic 85.6-141.2
Polytrophic 141.2-232.8
Poly- to hypertrophic 232.8-383.8

Hypertrophic >383.8




26,7 mg.m=3
A

ultra-

oligotrofni oligotrofni mezotrofni eutrofni hypertrofni

| g i oV O s | i O b ) ) I Vi i s o 1
1 10 b o 100 1 000
Schéma pravdépodobnosti vyskytu jednotlivych stupiu trofické stupnice ve
vztahu ke koncentraci celkového fosforu ve vodnich ekosystémech. Ze schématu
vysvita, Ze napf. pfi pramérné koncentraci fosforu 26.7 mg.m-3bude vodni nadrz
patfit s nejvétsi pravdépodobnosti k mezotrofnimu stupni, s podstatné mensi, ale
stejnou pravdépodobnosti k oligotrofnimu nebo eutrofnimu stupni; nulova je
pravdépodobnost zafazeni nadrze k ultraoligotrofnimu a hypertrotnimu stupni

(podle materialtl z pracovni konference ustavu [IASA, Viden, 1961)



Indices for the assessment of running waters based on algal biocoenoses of the natural

environment (updated from Ghetti & Ravera, 1994 and DePauw et al., 1992).

Indices Communitics References

Saprohic indices

Biol. Effect of Org. Load (BEOL) PA Knépp 1954

Relative Purity PA Knopp 1954

Saprobic Index (S) PA Pantlc and Buck 1955, DIN 38-410
Saprobic Index (S) PA Zelinka and Marvan 1991
Saprobicindex (S) D Sladecck 1986

Saprobic Index (Sl) D Kobayasi and Mayama 1989
Saprobic Indcx (Sly) AD Rott et al. 1997

Saprobic quotient (SQ) P Dresscher and Van der Mark 1976
Biotic indices

Cemagref diatom Index (1DC) PAD Cemagref 1984

Diatom Index (IDD) AD Descy 1979

Diatom Index (TILB) AD Lange-Bertalot 1979

Diatom Index (LPS) AD Cemagref 1982

Diatom Index (ILM) AD Leclerq and Maquet 1987

Diatom Index (CEC) AD Descy and Coste 1991

Diatom assembl. Index (DAIpo) D Watanabe et al. 1986

Generic diatom Index (GDL) AD Rumeaux and Coste 1988
Median diatomic Tndex (MI) AD Bazerque et al. 1989

Trophic diatom Index (TDI) D Schiefele and Kohmaun 1993,
Trophic diatom Tndex (TDI) D Kelly and Whitton 1995; Kelly 1996
Eutrophic Pollution Indcx (E/P-T) D Dell 'Uomo 1996

Trophic Index (BRB) D Schénfeldcr 1997

Trophic Diatom Index (TDI) D Coring et al. 1999

Trophic Index (Tl and TIDIA) AD Rott et al. 1999

Specific diversity indices

Equitability D Lloyd and Ghelardi 1964
Log-normal distribution D Preston 1948

Number of individuals per taxon PA Helawell 1986, Plaflcin et al. 1989
Sequential Comparative Index (SCI) A Cairns et al. 1968

Taxa richness (S) PA llelawell 1986, Plafkin et al. 1989
Total number of individuals PA Helawell 1986, Plafkin et al. 1989
Comparative indices

Fluctuation Index (D) D Dubois 1973

P = Plankton, A = Periphyton (Aufwuchs), D = Dialoms



Moznosti omezeni znec¢isSténi vod
7zlvinhami
e Vizblok 11 .COV



