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Bioidikace pomoci pudnich bezobratlych -
priklady

Indicator system Principle Application Reference
Nematode naturity | Nematodes classified | Can be applied toall | Bongers (1990)
index on a “colonizes” - soils; measures Yeates and Bongers
“persister” scale general response to (1999)
stress (metals,
acidification,
I _| eutrophication)
Predatory mite Mesostigmatid mites Mostly limited to Ruf (1998)
maturity index classified according to | forest soils; measures
an r-K score soil properties related
to mullfmor humus
| Eaﬂhwc:] life-history | Earthworms classified | Can beapplied toall | Bouché (1977),
eccording b position | soils with sufficient Paoletti (199%a)
in the soil profile and | number of species;
burrowing behaviour | measures aspects of
humus type, pH and
cultivation
(ploughing)

MUNI

Doelman & Eijsackers (2004)
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mmparahle o

yet operational; at the
moment only applied

Indicator system Principle Application Reference
REAL model for Integrated data base of | Very wide application | Bouché (1996)
earthworm } varipus aspects related

io the ecological and

agronomical role of
— .~ _earthworms
Ent:h:.rl'raeid Scores related to Applicable to Graefe {1993),
Reaktionzahl | responses o acidity situations where Beylich et al. (1995)

and humidity effects on soil pH are

assigned to manifested, for

enchytracids example cement

factories

sSIVPACS o i Data base on species- | Spurgeon et al.

earthwormae, isopods I specific responses not | (1456)

_and spiders,

RIVPACS to heavy metal
pollution
Woodlice [jfe-forms Classification of Composition of isopod | Pacletti and Hassell
woodlice according to | fauna indicates effects | (1999)
body shape and of soil cultvation in
agricultural

movement pattern

landscapes




Bioidikace pomoci pudnich bezobratlych -
priklady

Indicator system Principle Application Reference
I Macro invertebrate Enumeration of Applied in orchards Faoletti and

biodiversity species richness of and other agricultural | Somaggio (1996),
earthworms, beetles, ecosystems to indicate | Paolelti (1999b)
isopods, spiders, ants, | land use and copper
millipedes, pollution
centipedes, ele. o

Ant }mcti»:mal groups | Classification of ants Wide application; Andersen {1995)
according to groups used in evaluation of
reflecting nature restoration and

_ susceptibility to stress | effects of mining L
| Diplera }eding Classification of Reflects type of Frouz (1999)

Broups dipteran larvae in five | organic materials in

feeding proups sail; applicable to
_organic soils -

Arthropog acidity Classification of Allows quantitative Van Straalen and

index arthropods (Collem- estimation of soil pH Verhoef (1997),
bola, oribatids, from invertebrate Van Straalen (1998)
isupods) according o | community structure
pH preference o L

MUNI RECETOX

Doelman & Eijsackers (2004)

Indicator system

Principle

! Application

| Oribatid mite Jife-
history strategies

Classification of miles
according to
reproductive and
dispersal strategies

| Reference

Indicates intensity of
anthropogenic
influence and
successional stape of
forests and grassland

Siepel (1994), Siepel
(199%)

erofyslems
Life-forms of | Classiftcation of | Indicates profile Van Straalen et al,
Collembola | Collembola according | build-up and {1985), Faber (1591}
| o morphological ecological processes
| types reflecting | stratified according to |
position in the soil the profile; mostly
profile | applicable to forest
’ soils
Dominance Lognormal General impression of | Hagvar (1994)
[_dul.nha.l.um.ni' it micro | distribution of disturbance; applied
arthropods numbers over species | o effects of heavy
metals and acid rain
in forest and
grassland soils

Biclogical Index of
Soil Quality (BSQ)

System of scores
assigned to groups of

sal[ micro arthropods

Provides indication of

biodiversity; wide
applicability

Parisi (2001), Gardi
et al. (2002)
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Bioidikace pomoci
pudnich bezobratlych -
priklady

Doelman & Eijsackers (2004)

Poliutant group | Vulnerable animal | Remarks

_Eroups i
Polycylic aromatic | Tsopods, Collernbola | Little knowledge available. Large inter-species
hydrocarbons, i differences in metabolism. Metabolizers
azaarerws and | expected 1o be more sensitive than
derivates 1 | aceurmulators.
Persistent Vertebrates (Rodentia Low toxicity to inveriebrates. Effects appear
organcchlorines ond InsecHwvora) { higher up in the food-chain Earthworms ore
(PCBs, dioxins) | important in transfer.
Chlorinated ! Earthworms | Toxicity due to general narcutic effects, o
ethylenes, i probably small inter-species differences.
phenoles and : i
benzenes | B ~
i, BTEX Earthworms Toxicity partly due to changes in soil structure,
Alkyl benzene | Enchytraeids, Field data scanty. Laboratary data suggést
sulfonabes and nematedes, earthworms highest oxicity to pore water-dependent
other deterpents species, L ]
Veterinary drugs, Mo data available Interactions in decomposer-micro-organism o
antibiotics, interactions expected, but not documented.
hormones L i
Copper Earthworms, slugs, Copper toxicity to earthworms well

snails, oribatid mites |_documented.

Zimc Enchytraeids, L Taxicity of zinc does not follow the main

nematodes, earthworms,
isopods, soft-bodied
springtails

-

taxonomic groups of soll invertebrates, Many

i groeups contain sensitive as well as tolerant

species.

Pollutant group Vilnerable animal Remarks
Broups |
Insecticides Many arthropoed groups, | Animals with high surface activity are
|

s sl RS DT e ——

in particular beetles,
spiders, mesostigmatid
mites and springtzils

particularly vulnerable. Large differences
Between species due to species-specific
exposures and metabolic capacities. Many
secondary effects among detritivores due to
suppression of predators.

Cadmiuim Oribatid mites, spiders, Cadmium seems to be most toxic to
some springtails, invertebrates that take up the metal with the
wvertebrates (shrews, foocd. Due to faod-chain accumulation effects
mrvle) appear in predators and vertebrates,

Lead Oribatid mites, shrews, ! Differences between Invertebrabe species

| muoke { relatively small. Main hazard of lead is higher
| up in the food choin,

Herbleides Mo group in particular Lo toxicity of modern herbicides o animals.
Effects are mostly secondary (avoidance of
sprayed leaves, loss of food, increase of lilter

i COvVEr),
Fungicides Earthworms, Benzimidazoles, carbamates and organoting

enchytraeids, lsopads

are known for their considerable side-effects

|- o animals

Acidie
precipitation

Smails, dipteran larvae,
earthworms, some
orbatid mites, some
Collembola, some
isopods

e T LT

Large differences between species within each
group. Earthworms generally avoid acid soils.
Many Collembaola and mites are acid talerant,

but some are very alkalophilic and suffer from
acid precipitation.

[Radiation

B

Earthiworms, aribatid
mites

Species-specific vulnerability due 1o expasure,
rather than inherent differences in sensitivity.
Permanent soil dwellers and soil ingesters
receive high doses,

Maote: this table only describes the general trends and ignores the many species-specific sensitivities
related to metabolism, microhabitat choice and life-cycle



Techniky vzorkovani

= ruzné dle typu a zejmeéna velikosti organismu

= rucni trideni, vybirani

= zemni pasti

= vypuzovaci metody

= extrakcni metody: Tulgrenova extrakce, O’connorova extrace ...

S T
.

'; _-i' g |11 ; ( _’.r _
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Techniky vzorkovani

= Kvantitativni metody - absolutni
o odbér vzorku, extrakce a separace
o extrakce — Tullgren, Baerman, O’'Connor, Berlese, chemicka extrakce, elektfina

o Separace — rucni vybirani, wet sieving, flotace

= Kvalitativni metody - relativni pocCty
o ruzné metody nejCastéji zemni pasti padaci - formalin, detergent — velikost,
pocet, rozmisteni, hloubka
o zavislost na chovani zvirat — selektivni — vetsSi se chytaji lepe nez mensi — maji
vetsSi akcni radius
o individualni sbér + ruzné pomucky — prosévani, navnady

MUNI RECETOX 7



Techniky vzorkovani - kvantitativni

Odbéry vzorku

= podle velikosti organismu: u zizal vétsi (kvadr 25 x 25 x 25 cm) u ostatnich
tzv. pudni jadra — ,,cores‘ — sondy
= obecneé je dobré znat objem Ci povrch - |ze prepocitat na objem Ci plochu
jak velky vzorek? kolik vzorku na jakou plochu?, jak maji byt vzorky
rozmisteny?
= |ze udélat optimaliza€ni studii:
o napriklad sledovat jak s po¢tem vzorku klesa mnozstvi zachycenych druhu

o nebo odhadnout jak jsou zastoupeny podtypy na dané lokalité — z vice abundantnich
vzit vice vzorkd a z méné abun. ploch méné

o nhebo udélat smésne vzorky

= hloubka: vétSina fauny zije v hornich 10 cm, ale nemusi to byt vzdy —
stratifikace

MUNI RECETOX



Techniky vzorkovani - kvantitativni

Soil core holding rings

MUNI | RECETOX :



Techniky vzorkovani - kvantitativni

Extrakce

= extrakéni — vypudit z pudy, nelze klidova stadia
= elektrika apod, WORM EXPEL - tyCe — proud

= nejCastéjsi princip svétla a tepla

= mechanicka separace — poskozeni materialu

= nejpouzivangjsi flotace — suspense p 1,12 — puda klesa, organismy plavou
(detrit také — varenim ve vakuu se vysaje se vzduch z detritu, ten pak
klesne)

» flotace — voda/glycerin, voda/glukéza, voda/soli — odvodni organismy a ty
pak taky padaji

MUNI RECETOX
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Techniky vzorkovani - kvantitativni
- W V- - g

o joe e i o --,- e _r_l:__...

al b

extrakce od 1:50; video ukazuje Tullgrenovu a
MUNI RECETOX Baermanovu extrakci, flotacni metodu a identifikace ... "



ISO normy pro hlavni skupiny

1ISO 23611-1:2006

Soil quality -- Sampling of soil invertebrates —
Part 1. Hand-sorting and formalin extraction of earthworms

1ISO 23611-2:2006

Soil quality -- Sampling of soil invertebrates —
Part 2: Sampling and extraction of micro-arthropods (Collembola and Acarina)

1ISO 23611-3:2007

Soil quality -- Sampling of soil invertebrates —
Part 3: Sampling and soil extraction of enchytraeids

1ISO 23611-4:2007

Soil quality -- Sampling of soil invertebrates —
Part 4: Sampling, extraction and identification of soil-inhabiting nematodes

ISO/DIS 23611-5

Soil quality -- Sampling of soil invertebrates —
Part 5: Sampling and extraction of soil macro-invertebrates

ISO/DIS 23611-6

Soil quality -- Sampling of soil invertebrates —
Part 6: Guidance for the design of sampling programmes with soil invertebrates

MUNI RECETOX 12
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Bioindikace v pudé pomoci ziza

= vétSinou rucni tridéeni z monolitu 25 x 25 x 25 cm
(ale i jiné velikosti)

MUNI RECETOX
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Bioindikace v pudé pomoci ziza

= pouziti vypuzovaciho roztoku (napr. 10-20 x zfedéna hofcCice
https://twitter.com/carlyziter/status/783070095446716416 Ci 0,5% formalin)

* funguje zejmeéna pro epigeické a aneicke druhy



https://twitter.com/carlyziter/status/783070095446716416

= yzorkovani

vzorkovani od cca 3 min

MUNI RECETOX 15



Bioindikace v pudé pomoci zizal

= vypuzeni elektrickym proudem
= kolo cca 50 cm, 30-60 V, 30 min

L]

Electrical extraction: Eight electrodes (52 cm diameter) are
placed in the soil. They generate an electrical field by which the
worms are driven out of the soil (Fig. 8.8).

Advantages: no use of toxic chemicals, no need of water.

Disadvantages: expensive equipment, variable results, difficult to
use in stony soils, efficiency dependent on soil moisture.

MUNI RECETOX



MMethod

Description

Advantages

Disadvantagses

Passive

Hand soriing

Washing and
SLCVINE

Flotation

Behawvicral

Chemical
EeXNrSCIon

Heat extraction

Electrical
2R raCicn

Mechanical
vibrracion

Trapping

Mark-recapture

Indire<

MUNI | R cocoumn

Known volume of soil cut with
spade ot corer, broken and
vworms removed by hand

Known volume of scil cut with
?adﬁ Or corer, soaked in
iIspersant/preservative, and
washesd through sicve(s) by
hand or mechanical device

Material from hand sorting or
washing/sieving floatced in
high-density solotion {e.g.,
MipS50,)

Soil saturated with chemical
irvitant {e. g, $.2% formalin}
causing sarthworms to emoerge
onto soil surface

Soail blocks or cores suspended
under heat lamps in water into
which carthworms migrats

Mctal rods inserled into so0il
and connected to AC clectrical
SQuUrce

Stake or rod insertad into soil
and vibraled with bow or flat
iron

Pitfall or baited wraps placed in
soil and sampled at desired
intarvals

Individuals tagged, released,
and population sampled ac
intervals

Surface castings enumerated
and identified

Simple, reliakle in the
field; low cost

Higher recovery of
cocoons and small
individuals

Separates earthworms
from seil and plant debris;
cocoons and sinall
individuals collected

Simple; effective on deep
burrowing anecic species

Effectivc on dense root
mats

Useful for selective or
comprarstive sampling

Simple; useful for selective

O comparative sampling

Simple; useful for selective

ot comparative sampling

Useful for estimating
population density,
dispersal and mortality

Simple

Laborious; may not collect
dﬁ::;:g‘ burrowi :1% spectes, small
carthworms and cocoons

Laborious; may ot collect
deep burtowing species

Laborious: may ot coliect
deep burrowing species

Mol effective on ali species,
all soils or under al
conditions.,

Mot effective on all species;
inconvenient for field use

in

Highly variable; rot
convenient in the field;

dangerous 1
Mot effecrive on all species :
q
Mot effective on all species :
1
|
Laboricus ’5
1

ot a ::luantitati-._..re estimate ok
sl latieryey r s 11 4

17
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Bioindikace v pudé pomoci ziza

= po vzorkovani uchovani zizal v formalinu (4% formaldehyd) a
fixace napr. v 70% isopropanolu Ci etanolu

» jidentifikace dle kliCu zejména s ohledem na znaky v okoli
opasku, stetinky apod. (viz dale)
* ruzné kliCe vCetné online

o https://www.ispotnature.org/webkeys/keyi
ntroduction.jsp?selectedKey=webkeys/ea
sy-worms.0.5

o https://www.imperial.ac.uk/media/imperial
-college/research-centres-and-
groups/opal/SOIL-4pp-chart.pdf

o https://bjc792.wixsite.com/earthworm-

Images
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https://www.ispotnature.org/webkeys/keyintroduction.jsp?selectedKey=webkeys/easy-worms.0.5
https://www.ispotnature.org/webkeys/keyintroduction.jsp?selectedKey=webkeys/easy-worms.0.5
https://www.ispotnature.org/webkeys/keyintroduction.jsp?selectedKey=webkeys/easy-worms.0.5
https://www.ispotnature.org/webkeys/keyintroduction.jsp?selectedKey=webkeys/easy-worms.0.5
https://www.ispotnature.org/webkeys/keyintroduction.jsp?selectedKey=webkeys/easy-worms.0.5
https://www.imperial.ac.uk/media/imperial-college/research-centres-and-groups/opal/SOIL-4pp-chart.pdf
https://www.imperial.ac.uk/media/imperial-college/research-centres-and-groups/opal/SOIL-4pp-chart.pdf
https://www.imperial.ac.uk/media/imperial-college/research-centres-and-groups/opal/SOIL-4pp-chart.pdf
https://www.imperial.ac.uk/media/imperial-college/research-centres-and-groups/opal/SOIL-4pp-chart.pdf
https://www.imperial.ac.uk/media/imperial-college/research-centres-and-groups/opal/SOIL-4pp-chart.pdf
https://www.imperial.ac.uk/media/imperial-college/research-centres-and-groups/opal/SOIL-4pp-chart.pdf
https://www.imperial.ac.uk/media/imperial-college/research-centres-and-groups/opal/SOIL-4pp-chart.pdf
https://www.imperial.ac.uk/media/imperial-college/research-centres-and-groups/opal/SOIL-4pp-chart.pdf
https://www.imperial.ac.uk/media/imperial-college/research-centres-and-groups/opal/SOIL-4pp-chart.pdf
https://www.imperial.ac.uk/media/imperial-college/research-centres-and-groups/opal/SOIL-4pp-chart.pdf
https://www.imperial.ac.uk/media/imperial-college/research-centres-and-groups/opal/SOIL-4pp-chart.pdf
https://www.imperial.ac.uk/media/imperial-college/research-centres-and-groups/opal/SOIL-4pp-chart.pdf
https://www.imperial.ac.uk/media/imperial-college/research-centres-and-groups/opal/SOIL-4pp-chart.pdf
https://bjc792.wixsite.com/earthworm-images
https://bjc792.wixsite.com/earthworm-images
https://bjc792.wixsite.com/earthworm-images
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Bioindikace v pudé pomoci ziza

= zasadni znaky pro urCovani — velikost, barva, opasek (clitellum), pohlavni
poliCka a vyvody (tubercula pubertatis, genital tumescence), Stetinky (setae),

usta (prostomium)

Dorsal view Head
(back of worm)

Prostomium

Clitelum (Saddle) \

Male pore (not always visible)

Tubercula pubertatis

Ventral view
(underside - closest

to the ground)
Tail © F5C and Natural History Museum, London 2012

MUNI RECETOX

The presence or absence of pigmentation (usually brown or red-brown) is an important
feature that distinguishes different ecological groups of earthworms (details on page #).

]

The proboscis (mouth parts) type can vary among different earthworm
species and may be useful in identification (details on page #).

Earthworms have segmented bodies and various anatomical features
used for identification are located on different segments. Therefore,
you may need to count (from nose to tail) the number of segments to
determine the position of different features (details on page #).

The male pore is an external opening where sperm is released during
reproduction. It is often obvious due to glandular swelling. It is generally
on segment 15 (so useful when counting segments) but in some
earthworm species is on segments 14 or 13 so is a features useful for
identifying these particular species (details on page #).

N

The clitellum (a swollen band-like area near the head end of an
earthworm) and it's associated features called the tuberculata
pubertatis (TP) and genital tumescence (GT) are part of the
reproductive system of and earthworm. Therefore, if an earthworm has
a clitellum, it is an adult and if not, it is a juvenile. The position, shape
and color of the clitellum and it's TP and GT are important features
used to identify earthworm species (details on page #).

The setae are small hair-like projections on the body of earthworms. The setae are attached to
muscles and are used for locomotion. There are several different setae patterns which are
important features useful in identifying both adult and juvenile earthworm (details on page #).
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Bioindikace v pudé pomoci ziza

Earthworm clitellum features:

The tuberculata pubertatis (TP) and genital tumescence (GT) are features associated with the earthworm’s clitellum. They
can vary in position, shape and color among different species, so are useful in identification. If the earthwomm is not fully

mature, then these features may not be fully developed and you must take this into account when using these features for
identification. The function of the TP and GT are not fully understood, though we assume they play some role in reproduction!

* The tuberculata
pubertatis (TP), are
two slightly swollen
and usually differently
colored areas on each
side of the ventral

(belly) surface of the . -
clitellum. : -

If this clitellum starts
on segment 25,

then...
. '« The TP starts on — %
* The genital segment 26,
tumescence (GT), are and...

small swollen areas
around setae (so they
are often paired as are
the setae) on each
side of the ventral
surface of the clitellum.
GT may also be seen
above or below the
clitellum region or
associate with male &
female pores.

The TP ends on /

segment 29

Pairs of GT are present on
segments 24 through 31

in these images, indicated on

the left by grey arrows.

The shape and color of the TP and the number and positions of the GT vary quite a bit among species and some
I\/I U I\I I R E species have none. So see the species descriptions for their particular characteristics.
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Bioindikace v pudé pomoci zizal

MUNI R

/_4[70[7' eclodea ca//:qinosa com plex (includes species A. caliginosaand A. tuberculata)

Both A. caliginosa & A. fubercu/ata are unique in
- that they have a notched TP.

1

Y oy

Both species have
closely paired setae

Other Identifying Features:
* non-pigmented

* male pores on segment 15
« clitellum on segments 27-34

* size ranges generally between 9-15 cm (AT)

« mouth proboscis is epilobic

A. tuberculaia (above) has GT on
alternating segments only (30, 32, 34).

This group contain two very closely related and often

) — difficult to distinguish soil dwelling (endogeic) species
f'_ R i___}.l A. caliginosaand A. tuberculata, which are

t‘ e separated by the patterns of their GT. If the clitellum
| a——r g features are well developed enough to make the
C-‘--__ o > distinction, then do so. If not, then these get lumped
[’ — _J;\} i into a single group called A. caligirnosa complex.
== '-__:-f.?’\_/.‘

Examples of underdeveloped clitellum features:

—

ARtingl 'g

A. caliginosa(abowe) has GT on
alternating and consecutive segments
(27, 30, and 32 through 34). GT on segment

27 are not readily visible in the photograph ~J 4
(left). This can often be the case, depending on m——
how well developed the clitellum is. -
<4
] X — ey, 'j
— 3 t —
k"—' D I —
; o I { :J . : A
R — ' 5 —
- e o) —r,
hes \J y | —
| 3 § = -
TR,
= — When the TP are underdeveloped each can appear as

two circles or triangles side by side (see above). As the
feature develops, the two sections merge to form the
notched TP of the full adult. These species can

sometimes be confused with A. frapezoides which does
not have a notched TP.



Key to Reproductively Mature Earthworms Found in Canada

ran earthrworm without a clitellurm is not reproductiveby
mature and thus cannot be identified using this key)

Br}dyl Size
Small Medium Lalrgc
(0-55mm) (3 ﬁ-lll‘:' mm) (111-300mm)
| .
Bodleolour Body flf.-::l:}ur Body ('Tﬂlour

|
Drark Bed or
Rcd-‘\l"iu]-::t

I Dorsal Wiew E I

Greyish Pink
(Grey Body,

Muddy Green,

Oither Colowr(s)

Dark Red or Red-Violet

|
Oither Colour(s)

[
Dark Brown-Black,
Red-Black, or Red-

I | Pink Nosey or Gireen Tinge
ink Mose |
Tip of the tail Tip of the : L.
ix]ml the same lali] same 'J'_hi:. 1""':'"“; has a }EP and GT Ventral View Distance between the
. e ; ink  snub nose . atterns o . [istance betweon
calouras the hady  body colour =1e'ul (first 3 or 4 6T Patietns ] . GT on half of the J g '-I:I nffslc and the start al the
o = I 1 GT on all segments in the segments in clitellum the nose and the clitellym
:.'CH".H:H I"I‘-'I:I Th_c ) . r;l[gc-l]um Hnd om 5¢B111En[:._; i'll'ld e ‘_I'I on Sﬂ'ﬂ‘mlﬁl'lti bIEII'E Df 1|'IC Clllcl]u]ﬂ
rest of Fhl.'.-‘ h':ld!l" 15 Sucker-like GT Mo GT inside 51_|rrq_1.un{|_ing clitellum gutside of I'_'Ii.T.G"Llﬂ.'I
a grevish colour, on alternating the clitellum ; - — )
EEEMENTS Hitad J =2em (Has a =Zem
il =lem flattened hody)
Aporrectoden entral View o
TOEEA {underside) m Head Head Heust ;...] Head
— .:-I'-. ey =2cm
—r—T
[Dorsal Tail
‘-v"i::'o-' <lem between the :
nose and the start L Luambricns
: £ ; Lumbricus
: S of the elitellum Allobophora ) . i
Striped  Tip of the p e rubellus festivas "Tail Tail Teid Tail
{alter- tail is bright I—lﬁ chlorotica tetraedra
nating vellow all . Spareanophilus Lumbricus Aporrectoden
light and  § GTinthe  No Gein the B pArganop ! |
e the way olitellum el * 2 |om betwean ciseni terrestris onga
i = ST
?:H:lrlds] around the i the nose and the o B
o WTIT, start of the Each TP is like a TP band shaped TP half length of TP long and I Ventral View (Underside] I
ctretched clitellum pair of lobes the clitellum indistinct CT is . N X o
S Dendrodrilus * may have a e e i o - LT 15 on allernalmg segments Mo '!.'ﬂ in
out. rubidus yellow underside in the n;:l11_|:'||u|11. andl TP ]t:mk the elitellum
I like pyramids with their poinis * May be blue-
oo vientral View { Bead Facing into the non GT segments. grcy or white
:+-:_ Hiud T
Tail 2 Tail == Tall
Tl Aporrectodea Cretolasion Aporrectodes Aporrectodea
Eisenia Tedl turgida fyriacum trapezoides icteria
- Tail
foeticla T
— imastos . . . : :
[lenq::rnl;acna [.ur::hrmu.s parvus Copyright © Worm Watch 2000 Aporrectodesa Octolasion
oraedEd KASHARLYS Permission to reproduce this key is limited to classroom use only. bl cyaneum
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Ln earthworms (grim )

(&)

Ln earthworms (grim?)

(k)

Fig. 5. Relationship between contert of copper (a) and zinc (b} in soil and earthworm abundance in 72 orchards in Emilia Romagna, Italy
under different practices and fruit crops (kiwi, apple. peach. grape). Copper is a residue from bordeaux mixture, applied as fungicide, and
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zine is a residue linked to more recent use of carbamate fungicides such as ziram (from Paocletti et al.. 1998).
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Fig. 6. Earthworm loss in a lowland agroecosystem (Pegolotte
di Cona. Venezia, Italy) under different copper inputs (related to
application of Bordeaux mixture) in five fields that were either
uncultivated or supported vineyards. The copper concentration in
the soils (C1-C5) was mwersely related to earthworm numbers.
Mote that the endogeic species 4. rosea was present in the very
Cu-contaminated plot C5, albeit in low numbers (from Pacleth et

al., 1995h).
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Bioindikace v pudé pomoci roupic

= vzorkovani pudnim jadrem (5 - 7,5cm prumer)

= rucni tridéni témeér nemozné, roupice jsou polepené pudnimi
casticemi a nejsou videt

= O'connorova extrakcni technika "wet funnels":

o puda (3 cm vrstva) na sito v nalevce naplnéné vodou

o Ssvrchu se postupné pridava svetlo a teplo po 3 hodinach, az povrch
vzorku dosahne teploty 45°C a roupice se pfemisti dolU

= pak na petriho miskach k defekaci

= pod zvetsenim 100 - 400x pak identifikace klicovych
morfologickych struktur

MUNI RECETOX
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Bioindikace v pudé pomoci roupic

= O'connorova extrakcni technika — za mokra

O’Connor wet extraction

Enchytraeids (with light) and
nematodes (in the dark) extraction

Lightbulbs

1. Heat (and light) source;

2. A thinner metallic net (1 mm, holding
T fresh soil) is coupled with a plastic sock;

Ren 3. The plastic sock Is restricted at its

\ " base with a nipper;

e 4. The soil sample is washed with water

which drags enchytraeids and

] il nematodes into the sock;

5. Slowly opening the nipper will free

tuhing_E: animals and water falling into the

collector (6],
Extraction duration:
tube L 4h [enchytraeids); 24-36h (nematodes)




Bioindikace v pudé pomoci roupic

= jdentifikace dle klicu

Table 2.17 Enchytraeid genera and their occurrence in soil [Nielsen and Christensen, 1959; Rémbke, 1992; Rimbke

and Dasza-Farkas, 1996; Dasza-Farkas, pets. com.]

Cienera occwrring in soil Other genera Environmeni

Achaeta Aspidodrilus gpizoic on carthworms
Bryodrilus Barbidrilus freshwater
Buchholzia Enchylea only found in Enchytraeid culture
Ceenosvitoviella Enchytraeina marine

Cognettia Grania maring

Enchytraeus Pelmatodrilus epizoic on earthworms
Enchytronia Propappus freshwater

Fridericia Randidriins marine

Guaranidrilus Stephensoniella marine
Hemienchytracus

Hemifridericia

Henlea

[s0setosa

Lumbricillus

Marionina

Mescenchytraeus

Oconnorella

Stercutus

28
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Figure 6.1 “ertical distribution of enchytraeids sampled in coniferous forest soils

polluted by metal emission trom a brass mill. Total densities are low, when metal con-

centrations are high In the uppermost soil layers. The contrel site at a distance of

approximately 20 km shows the typical pattern of the vertical distribution of enchytraeids
fm fara=t =~il= Foadrawn from Bengisson and Rundagren 1982
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Bioindikace v pudé pomoci roupic

= kysela depozice jako stres na spoleCenstvo roupic v realném lesnim ekosystému

= byla studovana spoleCenstva roupic, abundance, populacni dynamika a vertikalni distribuce na lokalitach zatizenych
kyselou depozici (pH CaCl2 3,01 - 3,36)

= bylo nalezeno 7 druht

=z ekotoxikologického hlediska by se studii dalo vytknout, ze neni kontrolni lokalita

Table 2

Species composition, mean annual density (£ standard error of the mean) and bomass (dry mass) of Enchytracidae in three spruce torest plots
at the Lange Bramke (Harz, Germany, November 19589 Olctober 19900 species recorded only in 1991 mdicated by +)

Plot

Morth-facing
slope

South-facing
slope

Plateaw

Species

Drensity
find. m3)+ S.E.

Hiomass
(mg m <)

rensity
find. m=)+ S E.

Hiomass
(mg m <)

Drensity
find. m31+ 8. E.

Biomass
(mg m =)

Marionina clovate (Nielsen and Christensen, 1961) 23 668 £ 8 23K [51.2 |5 434 =6 169 236 JOIBE 10297 2087
Cogrettia sphagnetorion (Vejdovsky, 1877) D436 +4 180 LLUN DEal =5 164 JleTd 22183 £09 342 7545
Achaetae camerani (Cognetti. 1899 T0O79 1+ 2 BR2 28.2 DISAET0O1S RISW 5 OR4 + 3 337 23.9
Achaeta affinis (Nielsen and Christensen. 19549 GOS8 = | 387 7.9 1 £ 113 0.9 ( (
Mesenchyvitraeus pelicensis (1ssel, 1905) 5T = 109 5.5 Ch ] [13 £ 166 [ 6.9
Fridericia sp. (Michaelsen. | 5849 0 (i B3+ 208 | 5.5 ( (
Enchyiraeus norvegicus { Abrahamsen, 9649 () () () () ()
Enchytracidae (total) 40814 +11 921 4973 ITH03+ 11 TR 4063 SEO6E+ 16953 | 004,00
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Bioindikace v pudé pomoci nematod gy

= odbéry bud pudni jadra Ci vrchnich 15 — 30 cm pudy
= extrakce aktivni — zalozena na mobilité nematod -
Baermannova metoda a jeji modifikace:
o puda zabalena v latce &i papiru
o ponoreni do vody
o nematoda vyplavou do vody a spadnou dolu gravitaci
= extrakce pasivni - nezavisi na pohybu nematod -
centrifugacni, cedici a flotacni metody:
o puda se zifedi vodou
o Ppouziji se ruzna sita Ci sedimentace
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Baermannova metoda

extrakce od 3 min
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Bioindikace v pudé pomoci nematod

Nematodes 100 g’ dry soil
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Figure 2. Effects of Cd (0, 10, 20, 40. 80 and 180 myg kg”] and Cu, Niand Zn {0, 100, 200,
400, 800 and 1600 mg kg™ on total nematode abundance after 1-2 weeks exposure. Different

letters indicate significant differences between treatments with one meta’ (HSD test, £<0.05).
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Bioindikace v pudé pomoci nematod

= 10 let pusobeni médi na lokalitach s rznym pH pudy

= jednoznacna souvislost mezi ekotoxickym ucCinkem medi a pH: ve variantach s nizsim pH byla vyssi
extrahovatelnost Cu chloridem vapenatym, tudiz i oéekavana vys$si koncentrace v padnim roztoku -
vySSi biodostupnost - efekt na hlistice

Cu-CaCl, (mglL)

Fig. 2.

and pH treatments in 1982
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Bioindikace v pudé pomoci nematod

* nematoda se pocitaji a identifikuji (napr. dle Bongerse, 1988)
fixovany ve 4% formalinu pfi zvétSeni 400 - 1000%x (nejméné 150
nematod)

= kromeé klasického stanoveni abundance celkové ¢i hodnoceni
do druhu a diverzity i alternativni pfistupy:

= zacleneni do potravnich skupin (guild)
= maturity index

MUNI RECETOX
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Bioindikace v pudé pomoci nematod

= zacleneni do potravnich skupin (guild)

©)
©)

@)

MUNI

bakterivofi, mikrobivofi - konzumuji pudni bakterie

fungivori - konzumuiji hyfy a mycelia hub

herbivori, fytofagoveé - jsou parazité rostlin

omnivofi - rizné zdroje potravy, houby fasy, bakterie, mali bezobratli
carnivori, pradatori - lovi nematody a malé brzobratle

Table 2.8 Feeding habits of pematode orders found in soil ecosystems

Order Bacterivores Fungivores Herbivores Omnivares Predators Giher

Class Adenapharea

Aracolaimida All soil forms

Chromadorida Few Maostly algivores
Deasmodorida Sotned

Dorylaimida Some Some Some Some

Enoplida Some Few Some

Monhysterida MMast soil forms

Mononchida Few Most

Claxy Secernentea

Aphelenchida Many Some Few Many insect associates
Hhabditida Mosl Some Some insect parasites
Tvlenchida S0me Most Scme plant asscciates,

RECETOX ——— T o b ot




Bioindikace v pudé pomoci

= zacleneni do potravnich auild

st =

P ]

Figure 3. Fungal-feeding nematodes have small, narrow
stylets, or spears, in their stoma {mouth) which they use to
puncture thecell walls of fungal hyphae and withdraw the cell
fluid. This interaction releases plant-available nitrogen from
fungal biomass.

Credit: Elaine R. fngham, Oregon State University, Corvallis

Figure 5. The Fratylenchus, or lesion nematode, has a
sharter, thicker stylet in its mouth than the root feeder in
Figure b.

Credit: Kathy Merrfield, Cregon State University, Corvallis

Figure 4. This bacterial-feeding nematode, Elaphonema, has

ornate lip structures that distinguish it from other nematodes.

Bacterial-feeders release plant-available nitrogen when they
consume bacteria,
Credit: Elaine R. Ingham, Oregon State University, Corvallis

Figure b: Root-feeding nematodes use their stylets to
puncture the thick cell wall of plant root cells and siphon off
the internal contents of the plant cell. This usually causes
econaomically significant damage to crops. The curved stylet
seen inside this nematode is characteristic of the genus
Trichodorus.

Credit: Elaine R. Ingham, Oregon State University, Corvallis

nema

1 Rhobditida mfl 2. Mononchoidea 1 I 4 Derglaimoidea
bakteriedtare pradatorer rotparasib




Bioindikace v pudé pomoci nematod

wphic groups (N/100 g) in 1992

= zaclenéni do
potravnich guild

= prokazana vyssSi citlivost
parametry slozeni
spoleCenstva nez celkové
abundance

= Na kombinace pH a
kontaminace médi rizné
reagovaly bakterivorni a
fungivorni nematody

= jako citlivé se ukazaly
predatofi a omnivorni (diky
tomu, Ze jsou to vetSinou K
stratégove

MUNI RECETDO

Table 3. Abundanee* of i

Treatment
pH-KCl ”
ke Cuha’ 500 750 0 250 3
g v ‘
1,489 bedef 1,212 abed 1,i2
: 1,110 ab 506 a 1,587 bedef L, X s
Baoteralfeeding 1203 Bt gabc  Wiabe  ATabe  Mabe oS
Hyphal—fcﬂdmg 420 127 1,978 2,21 i v 13 2b .
Plant-feeding 02 0a ?3 be 1% 2 .
Omnivores 0 0
Camiyores Y
I . : differed significantly 05)
2Aversoe ahundances (n = 8) within one IOW fﬂ!_IDWEd by C}lf{flﬁm iitrt‘ﬂii ; :T; ﬁ.[i}l. 3 < 0.001.
Table 3. Exiended
Main effect”
8 Inter-
0 50 500 150 Cy  pH uction
! s k ok L34
3 f 2,011
1,739 bedef 152 bedef  2.004¢ . . \
477 abe 64l abe 2,202 1.963 2,242 174 M 11
2348 2,031 100 ¢ 30 b 14 abc 10 ab M
16 abe [1ab g g1 7 8
[4 12
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Bioindikace v pudé pomoci nematod

= In general terms the rate of decomposition of organic matter increases following effluent (sewage
sludge = high contamination but also high organic matter content) application and can be related to
an increase in the abundance of bacterial-feeding nematodes and a decrease in fungal-feeding

nematodes.

MUNI RECETC

Table 15

Percentage contribution of feeding groups to the nematode faunae
of two New Zealand agroecosystems with and without application

of effluent (from Yeates, 1978, [9495)

Fcosystem

Pasture

FPimis Torest

Soi1l texiure S1lt loam ~and
{ontrol Fituent Control Eitluent

Bacterial teeders 297 37.2 432 65,0
Fungal feeders N 4.2 232 4.5
Predators |.2 .= | 6.2
Plant-feeding | 4.{) | 4.5 2.0 8.3
Plant associated 32.0 291 w0 2.1
COmnivores 4.3 | 4.2 22.5 12.9

39
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Bioindikace v pudé pomoci nematod

= In a German cropping soil, addition of slightly contaminated sludge led to a decrease in the
proportion of plant-feeding nematodes . When additional heavy metals were added the principal
change was a five-fold increase in the proportion of what Weiss and Larink (1991) termed predacious
nematodes (we would regard the Diplogasteridae identified to be bacterial-feeding); the omnivores
(mainly Dorylaimida) became undetectable. A New Zealand pasture showed broadly similar trends,
with increases in bacterial-feeders and predators and a decrease in omnivores

Table 19
Percentage contribution of feeding groups to the nematode faunae of two agroecosystems with addition of sludge and heavy metals, and
contaminated to differing degrees with copper. chromium, arsenic (CCA)Y timber preservative (from Weiss and Larink, 1991: Yeates et al..

1004
Agroacosystem Cropping (Germany) Pasture (New Zealand)
soll texture [Loamy sand Silt loam (stony)

Control Sludge Sludge + heavy metals Control Low CCA Medium CCA High CCA
Bacterial feeders |5 40 42 [, 204 623 483
Fungal feeders 33 30 3 .5 3.0 2.4 0.5
Predators L 2 LL (0.9 | .3 7.6 10,6
Plant-feeding 143 27 I3 | 36.8 274 1.2 284
Plant associated In above in above in above [ 3.6 2004 8.8 10,2
Cimnivores 3 I 0 29.0 | 8.4 7.0 2.0

MUNI RECETOX 40
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Bioindikace v pudé pomoci nematod

= Maturity index i
ML= > v(i).f(i)
=1

o V(i) je c-p (coloniser-persister hodnota) hodnota taxonu i a f(i) je
frekvence se kterou se taxon vyskytuje

o jak je vidét ze vzorecku je vazenym prumérem c-p hodnot
o C-p hodnoty reflektuji pozici taxonu na skale r-K strategie
o Je ekologickou mirou stavu sukcese

o hezahrnuji se rostlinné-paraziticke rody

o V pudach pod stresem tézkych kovu se nezahrnuji c-p=1 (enrichment
opportunists), nebot se silné liSi mikrobialni aktivita pud

MUNI RECETOX
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Bioindikace v pudé pomoci nematod
= Plant parasitic index (PPI)

o pocita se stejné jako MI, ale jen pro rody krmici se (parazitujici)
rostlinami (zejména rody Tylenchus, Cephalenchus, Meloidogyne,
Heterodera, Helicotylenchus, Pratylenchus a Paratylenchus)

o drive se tyto rody pocitaly do Ml a tim se snizovala jeho citlivost, nebot’
byly prokazany inverzni vztahy mezi Ml a PPI

o existuje pomer MI/PPI, ktery se tim padem stava jeste citlivéjsSi na
hodnoceni vlivu na spoleéenstva nematod

MUNI RECETOX 42



Table 2
MNematode families with the ¢ p wvalues which are used in cal-
culating the maturity index (MIy and related values (PPL ZMIL

B i oi n d i ka Ce v ﬁ dé Includes changes proposed by Bongers et al. ( 1995)
p Family

o wvalue

V4 Adaimidae 4

omoci nematod

p Aphelenchoididae 2

Anguinidae 28

Aporcelaimidag ]

100 Bastianiidae 3

Belondiridae 3

Bunonematidae l

Cephalobidae 2

Chromadoridae 3

Criconematidae 3a

— Diphtherophoridae a2

=8 Diplogasteridae I

'!é Dolichodoridaeg 34

o Hemicycliophoridae 34

Hoplolaimidae 3a

[ eptonchidae =3

[Longidoridae 5a

hMMonhysteridas 2

Mononchidae 4

Mordiidae 4

0 . ) I ) . . . ["unugwIuimi-.lau.: 1

0 100 ["uml}'lunulﬂduﬁ 2a

":}ff:pﬂ—p 35 Plectidae 2

Pratvienchidae 24

Prismatolaimidae 3

Fig. 2. c—p triangle showing shifts during (a) eutrophication. initial ‘EilL]'*l‘l*:';‘iri*1'1]"dl“"*1*~‘ Jlf
a v dae

situation and 2 weeks atter adding powdered cow-dung  Ettema Teratocephalidae 3

and Bongers, 19933 (b) artificial acidification ol coniferous forest ﬁ?“lﬂf!:fi'fﬂ'“ﬂli*"dt‘ >

. obrilidas 3

soill (Hywvinen and Persson, 1990) and ¢) recovery., 33 and 44 Trichodoridac qa

weeks alter organic manuring « Ettema and Bongers, 1993) (Aller Tripylidae

) - Twvlenchidae
HBongers et al., 1995,

A%alues Tor amilies which should be included in the PPI rather
than the MI.



Bioindikace v pudé pomoci nematod

= sledovan efekt depozice amoniaku unikajiciho z farmy dribezZe na spoleenstvo nematod v pudé borovicového lesa

= correlation between NH3 deposition and plant-feeding nematods and insect associated Dauer larvae

= decreasing proportions of bacterial-feeding nematodes and fungal-feeding and omnivorous nematodes

= increase in PPl and decrease in Mi

MUNI

Table 16

Relation between ammonia deposition gradient in a Pinus sylvesivds plantation and composition of the nematode fauna (after Tamis, 1986}

Dislance from source {m)

[ 50 400
Total nitrogen deposition (kg Nha—! per vear) (8.0 225 47.9
soil nitrogen [}ltl}_-'_'] 27 15 3
Stem flow (mg NH,+ 171 \ 45 30 15
soil pH 4.9 5.2 5.3
Total nematodes (thousands m~= in litter and 0-20 cm soil) \4 | 302 1023 916
%% bacterial-feeding —v 26.9 23, 47.0
"o fungal-feeding —~¥ 1.5 5.5 21.9
"o plant-feeding S 534.2 53.9 22.2
“h omnivores = 4 0.3 .4 71
"o Insect associates > 7.1 3.3 |.8
Maturity index (MI) —~¥ 2.03 2.37 2.46
Plant parasite index (PP ~ 2.96 2.80 2.27
simpson diversity (.87 (.88 (.93

RCUVLIUA
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Bioindikace v pudé pomoci nematod

=  Popovici (1994) studied the effect of exhaust fumes and fine powder discharged from a metallurgical plant on the soil
nematode communities in forest agroecosystems

= As lead and copper pollution increased, nematode abundance decreased; diversity (H') and maturity index (Ml) also
decreased.

= The percentage of r-strategists (bacterivores) increased from 50 to 72%, while plant-feeding nematodes were reduced
and both omnivores and predators disappeared.

= Similarly, in the vicinity of a zinc smelter lable 17
in The Netherlands, Popovici and Korthals (1995)  Comparison of |2 sites near a zine smelter in The Netherlands
found pollution-associated decreases with five control sites (after Popovici and Korthals, 19935)
in total nematodes, plant-feeding nematodes
and the maturity index; Control Polluted

bacterial-feeders again increased. : _ ; ;
YVegetation Calluna, Betula  Calluna, Agrostis

Nematodes

Total m= in O 10em soil 2,520,000 |S70.000
"o plant-leeding At | 7
"o bacterial-feeding 42 ok
"o Tungal-feeding 20 24
Maturity Index 2.14-2.45 |.86-2.07

MUNI RECETOX
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Bioindikace v pudé pomoci mikroclenovcu

= pudni mikroélenovci = chvostoskoci, roztoci + protura, diplura,
pauropoda, symphyla — mesofauna 100 ym — 2 mm

= pudni vzorkovac — jadro — neporuseny vzorek
= valeCky se zabali a skladuji v chladu (5-10°C)

= extrakcéni techniky jsou zalozeny na

o chovani zvirat (aktivni)
o Vvelikosti, hmotnosti, hydrofobicité, hustoté apod. (pasivni)

MUNI RECETOX
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Bioindikace v pudé pomoci mikroclenovcu

Tullgrenova / Berlesova extrakce
= teplotni, svetelny a vihkostni gradient
= ¢lenovci se pfemisti do kontrolovaného média - vyhodou je zisk Zivych organisml (nadobka s vodou)

= pro fixaci se nadobka dole naplni 70% ethanolem apod.
= doba extrakce 12-48 hod

20 lamp ﬁ‘@'\

Berlese dry extraction

Berlese extractor diagram:

@ Rheostat
Vent

[

[ ] =— Lid
_ @5 Lightbulb

1. Heat (and light) source;

2. Funnel and metal mesh (£ 4 mm)
holding the fresh soil sample;

2. Animals moving away from the light
and the heat and falling in the

Side pannel
Metal cylinder

Plastic funnel

Specimen
cantainer

Collecting
ligquid [see text)

|

Soil animals
flast or sink

‘ |_ Tullgren Funnel

Collecting jar

)l

#— Collecting solution

Sample core

FIGURE 31.2. The front view of a high-gradient extractor for microarthropods.

collecting container;

4. Collecting recipient filled with
70-90% ethanol to preserve the
specimens.

Extraction duration: 72 h




Bioindikace v pudé pomoci mikroclenovcu

Tullgrenova / Berlesova extrakce

e "-‘:

%
Wi’

—

-
.

W,
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Bioindikace v pudé pomoci mikroclenovcu

flotacni metody — pasivni
= vzorky nejprve v 80% ethanolu, pak vlastni extrakce

= extrakéni medium (heptan-voda ... smés olej-voda, tetrachlormethan, roztoky soli NaCl,
CaCl2, K2CO3 ...,)

- Metal rod

Heptane layer
Microarthropods
-— Aqueous phase
Nut and washer

S LR Sl VE., Neoprene stoppef
I

FIGURE 31.,3. Equipment for heptane flotation of microarthropods.
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Bioindikace v pudé pomoci mikroclenovcu

= identifikace do druhu, rodu nebo do vyznamnych ekologickych skupin (napf.
dle potravnich strategii)

= Kklice k uréovani vcetné téch online:
= https://www.collembola.org/key/collembo.htm

MUNI RECETOX
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Bioindikace v pudé pomoci m|kroclenov

= populace se méni po zasahu pesticidl

= poté po vymizeni chemikalii se obnovuje celkova
abundance

= ale jednotlivé druhy, tj. struktura spoleCenstva se
stale odliSuje od kontroly = nutnost sledovat celé
spolecCenstvo

MUNI RECETOX
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Bioindikace v pudé pomoci mikroclenov

= polni pokus s herbicidy v davce 2x a 6x doporucené davky

= davka 2x neméla vyrazny efekt na abundance, ale davka 6x
redukovala abundance mikroc¢lenovcu

= zejména v horni vrstviéce pady 0-7,5 cm

MUNI RECETOX

40000 A

35000
30000
25000

20000

Specimens per m?

15000
10000

S000 -

Specimens per m?

Arthropoda  Acarina Collembola
Bl Rawco 0 Rate 2 ] Rate 6

Fig. 2 Abundance of different animal groups in the surface laver
(A) and deep layer (B) of a control plot irare @) and of two plots
treated with rare 2 and 45 g a.i. ha ! (rare 6) of triasulfuron at Car-
pi. Mean and SE of the mean are given for untransformed data.
For other abbreviations. see Fig. 1
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= chvostoskoci byli identifikovani do druhu
= efekty se liSily u rznych druhu

MUNI

Table1 List of Collembola species and relative presence ( +) or absence (-] in the two experimental lields exposed to triasulfuron. a.p

Active ingredient

ioindikace v pudé pomoci mik

Species

Carpi

Ozzano

g ad ha

15 g ad ha

45 g ad. ha!

Ogad ha

15gad ha

Willemia buddenbrocki Hiither 1939
Willemia anophtalma Borner 1901
Brachystomefla parvala (Schiffer 1806)
Mesaphorura krausbaueri Borner 1901
Detomiefla minor (Schiffer 1896)
Folsomides parvufus Stach 1922
Cryptopygus thermophilus { Axelson 1900)
Cryptopygus ponticus (Stach 1947)
Ivatorma notabilis Schiffer 1896

Ivatorma olivacea Tullberg 1871
Isotomodes sexsetosus Gama 1963
Isotomurus palustris (Miiller 1776)
Entomobrya nudiifasciata (Tullberg 1871)
Heteromurus major (Moniez 1889)
Heteromurus nitidus (Templeton 1835)
Psevdosinella albida (Stach 1930)
Pseudosinella octopunetata Birner 1901
Pseudosinella imparipunctata Gisin 1953
Pseudosinella sexoculata Schitt 1902
Lepidocyrtus vielaceus Lubbock 1873
Oneopodura crassicornis Shoebotham 1911
Megalothorax mininus Willem 1900
Smunthurides schoetil {Axelson 1903)
Sphaeridia pumilis (Krausbauer 1898)
Arrhopalites sericus Gisin 1947
Smuinthurinus sp.

Smiinthirus sp.

1

+++ A+t A+t A+ A+

+

+

+ + 4+ + + +
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+ +

+ + + +

+ + !

++ '+ + 1+ 4+ ++

+
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+ 4+ + + + !

+
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aspp. Lm B

Collembola per m2= 6,167

Fig. 3 Dominance and relative distribution of main collembolan
species in a plot at Ozzano immediately before (A) and 5 davs
after treatment with rate 2 of triasulfuron (B). The species with
densities less than =2 3%% are represented by spp. L Isotomielia
rnunor, Lo fvofoma notabilis, Mk, Mesaphornora  krausbaeri,
Mo, Me galothorax nunimus, Poa. Pseudosinello afbida, S.s. Srin-
thurides schoetti, W.h, Willeniua buddenbrocki, P, Pseudosinelia
imparipunctata, P.o. Pseudosinella octopuctata
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Bioindikace v pudé pomoci mikroclenov

B izoroma anglicana
O fsotomurus poalusiris

435
= Using Collembola to assess the risks of applying metal-rich 40
sewage sludge to agricultural land in western Scotland

= The environmental impact of applying metal-rich sewage
sludge to agricultural land was assessed using Collembola.

= A combination of pitfall trapping and suction sampling was used

10 4 : . :
to monitor epigeal/hemiedaphic Collembola on a small plot field = ;i J ' . L l ‘

hean no. (sqri. transtformed )
= o
Lh o= Lh
= 17-

trial in the WeSt Of SCOtIand- Control Uncontaminated finc Cadmium
. . . . Treatment
= Four sludge treatments were investigated: cadmium-rich
sludge, zinc-rich sludge, uncontaminated sludge and a no- o]  Lotoma virids
[ Lepidacirius cyanens
sludge control. = 40 1 I S |
E 35
= |t was found that the abundance of Lepidocyrtus cyaneus and % s - ‘ ‘
|Isotoma viridis was significantly lower in plots receiving E?m ‘ |
cadmium-rich sludge than those receiving uncontaminated g s | |
sludge. 20 ‘ . "
= |sotoma anglicana was not influenced by the presence of 0 . L . el

Contral Uncontam inated Zinc Cadmium
Treatment

metals in sludge and Isotomurus palustris was actually
favoured by the application of metal-rich sludge.
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Bioindikace v pudé pomoci ¢lenovcu

= veétSi nez mikro€lenovci, v pudé i na jejim povrchu
= vzorkovani pomoci vetsich Tullgrenovym extraktorium
= v terénu odchyt do zemnich pasti

& pitfall trap for surface-active macroarthropods. PBD, p-dichlorobenzene preservative [Reprinted from
#ad Crossley, 1965. Radiocesium dispersion in a cryptozoan food web. Health Phys. 11:1375-1384, with
i of Williams & Wilkins, Baltimore. MD]

MUNI RECE



Bioindikace v pudé pomoci ¢lenovcu

Odchyt do zemnich pasti
= npapfiklad kruh s polomérem 5,6 m = plocha 100 m2
= ohraniceni ,plutkem® z folie 30 cm
= zakopat kelimky s polomérem 6 cm,
12 cm vyska, striska 2 cm vysoko,
20x20 cm bily plast, uvnitf soli nasycena
voda pro konzervaci ¢lenovcu

Plastic plate

T —

<

i2cm




Bioindikace v pudé pomoci ¢lenovcu
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Bioindikace v pudé pomoci ¢lenovcu

= Non-specfic carboxylesterase and glutathione S-transferase activity was measured in the ground
beetle, Pterosthicus oblongopunctatus (Coleoptera: Carabidae), from five sites along a gradient of
heavy metal pollution.

Table 1

Mean concentrations of four heavy metals { £8.D.) detected in the humus layer along the heavy metal gradient

Site Zn (mg kg™ Cd (mg kg™') Cu (mg kg™ ') Pb (mg ke ')
OLK2 10454 &1.9 46.9 2635
(2618) (17.2) (4.6) (120.4)
OLEKS 5104 51.1 376 [832
(729) (19.3) (3.7) (215)
OLE4 1522 15,1 25.6 R0
(135) [2.6) (2.16) (36.3)
OLKA 244 3.3 5.4 355
(T8} (1) (2.7) (30.9)
OLKT 151 054 107 |36
(35) (0.4) () (8.8)
=250 < 140
N= 8
= 200 4 = E 120
5, E 22 1001
2% 1. ; m |
= = 2 o
2= males S w1
m 2 1004 & B
2 0 | females =
= 50 = D
= =
= o .

I\/I U I\I I R OLK2 OLK3 OLK4 OLK6 OLK7 OLK2 OLK3 OLK4 OLK6 OLK7 58
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Bioindikace pomoci plzu

= hlemyzdi integruji v realnych terestrickych ekosystémech vliv kontaminantu:
o kontaktem - puda, vyluhy, opadanka
o pFijmem potravy (puda, rostliny)

o dychanim _ . B
i, :_--::\l ll* Atmospheric pollution

“ Dust particles
SEpn on S
leaf surfaces 7

M wme .
” ; F‘edn-genchemica!

Soil NEUES
{ E T background

Fig. 6. Possible routes of direct and mdirect exposure of land snals to contaminants: (a) contamination by breathing air; (b) con-
tamination at soil surface by eating plants, soil contact, breathing air, ram and surface water contact: (¢) contumination in the soil by

I\/I U I\I I R E c E T 0 X swallowing soil particles, sol contact and mterstibial mr and pore waler.



Bioindikace pomoci plzu

mnoho studii, protoze je znamo, ze prezivaji i na lokalitach
kontaminovanych tezkymi kovy

pravdépodobné dokazou uchovavat inaktivni kovy riuznymi mechanismy:
o uvnitf bunék v kompartmentech (granule, vacky ...) + exkrece

o Vvazba na proteiny, methanothioneiny

mohou slouzit jako model pfenosu polutantt do vySSich stupriu potravnich
fetézcu, protoze jsou potravou mnoha savcu

organismy dle bioakumulacnich schopnosti rozdelujeme na
mikrokoncentratory, dekoncentratory a makrokoncentratory;
makrokoncentratori jsou nejlepsim indikatorem environmentalni
kontaminace

hlemyzdi jsou makrokoncentratory spoly s isopodami, zizalami

MUNI RECETOX
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Bioindikace pomoci plzu

= terénni studie s expozici hlemyzd'l na lokalitach pro posouzen

Fig. 3. Cage placed at the industrial waste disposal dump
{Technical Hiding Center : THC) at Vaivre which was in op-
eration from 1990 to 1992 with waste of classes I and [L

T

Fig. 4. Close-up of the inside of the cage (THC-b) showing how
Fig. 1. Cage with sentinel snails transplanted to a natural Fig. 2. Cage placed on grass in Besangon Botanical Gardens a the cage was held down with four wooden pegs, two pieces of
control site {GF forest). We pl:ll_'L‘d a pl:isl'lL' fence aronnd the firw feet away from the device used to monitor the u[muﬁ.phcriu terra-cotta roof tle act as shelters, vegetation is the natural
spontaneous ground cover.

cage Lo prevent penetration of predators (rodents, eice.). lead concentration by the side of a busy road. 61
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Bioindikace pomoci plzu

= terénni studie s expozici hlemyzdu na lokalitach pro posouzeni uspésnosti remediaci

Table 1

Average total body, shell, foot and viscera weight of “sentinel” snails in the four tested biotopes. The controls (Lab 3) were grown in the laboratory during the same period of four

weeks. Significant difference in comparison with the snails of Gy forest

Group Total fresh Shell weight (g) Shellftotal (o)  Foot Viscera
weight {g)
Fresh weight Drry weight Waler (%) Fresh waght Dy weight Water (%)
(g) (g (g (g
Controls: 10.64 1.25 11.76 3.373 0.550 85.01 4.603 1.128 75.62
Lab 3 +1.31 .16 +0.93 +0.958 0.103 +1.89 +0.455 +0.234 +3.52
Trans Gy 727 0.67 9.14 2402 0.243 89.90 3.586 0.354 89.92
+ 0.78 H0.15 +1.49 +0.42] +0.047 0,46 +0.741 +0.053 +1.74
Trans Lecl. 5.65 0.56 9.95 1.710 0.176 8964 2723 0.242 91.02
0.69 +0.13 +2.11 +0. 267 +0.022° 089 0. 838 +0.068° +0.74
Trans THC-a 527 0.45 g6 1.859 0.167 90.93 1.982 0.185 90.63
+0.37 +0.06° +1.55 +0.259* +0.010° +0.89 +0.162° +0.008° +0.51
Trans THC-b 5.54 0.47 8.47 2,095 0.183 91.15 2.000 0.196 90.19
+0.19 +0.03" H0.84 +0.276 +0.013° +1.17~ +0.111° +0.013° +0.69
"P=0.01.
T p<0.05.
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Terestricka biota — hmyz



Prospeésni clenovci

= {zv. beneficial arthropods

= vSichni ¢lenovci, ktefi nejsou Skudci
o dravci (dravy hmyz a pavoukovci) — ,natural enemies”
o opylovaci

= je tedy cilem, aby byly v ekosystémech zachovani
= zel insekticidy Casto negativne postihnou i tyto organismy

MUNI RECETOX
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Bioindikace pomoci hmyzu

= odchyt do zemnich pasti — ti Zijici na povrchu pudy

= odchyt pomoci exhaustoru

= smykanim entomologickou siti — z vegetace Ci ze vzduchu
= sklepavani z vegetace

= Malaiseho pasti

»= narazoveé pasti (bez Ci s atraktanty, feromony)

= .. amnoho dalSich metod
https://is.muni.cz/el/sci/jaro2015/Bi8761/Uvod do terenni zoologie bezobratlych-Entomologie
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https://is.muni.cz/el/sci/jaro2015/Bi8761/Uvod_do_terenni_zoologie_bezobratlych-Entomologie.pdf
https://is.muni.cz/el/sci/jaro2015/Bi8761/Uvod_do_terenni_zoologie_bezobratlych-Entomologie.pdf

500ml polypropylene Fine tricot warp knit
collection bortle q fabric with white roof
Lower bottle 2/3 filled and black side panels
with ethanol and covered
in duct tape ro help slow .
cvaporation Sticks, poles, or
even trees can be
used to secure the
front and rear of

the trap

-
-
=
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_—
-
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L.ines and
trap k'(l}_{t‘\
secured to
ground with
tent stakes

110 cm
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Bioindikace pomoci hmyzu
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RESEARCH ARTICLE

More than 75 percent decline over 27 years in
total flying insect biomass in protected areas

Caspar A. Hallmann'*, Martin Sorg?, Eelke Jongejans', Henk Siepel®, Nick Hofland’,
Heinz Schwan?, Werner Stenmans?, Andreas Miiller?, Hubert Sumser?, Thomas Hérren?,
Dave Goulson?®, Hans de Kroon'

1 Radboud University, Institute for Water and Wetland Research, Animal Ecology and Physiology &
Experimental Plant Ecology, PO Box 9100, 6500 GL Nijmegen, The Metherlands, 2 Entomological Society
Krefeld e V., Entomological Collections Krefeld, Marktstrasse 159, 47798 Krefeld, Gemany, 3 University of
Sussex, School of Life Sciences, Falmer, Brighton BN 1 9QG, United Kingdom

* c.hallmann @ science.ru.nl

Abstract

Global declines in insects have sparked wide interest among scientists, politicians, and the
general public. Loss of insect diversity and abundance is expected to provoke cascading
effects on food webs and to jeopardize ecosystem services. Our understanding of the extent
and underlying causes of this decline is based on the abundance of single species or taxo-
nomic groups only, rather than changes in insect biomass which is more relevant for ecologi-
cal functioning. Here, we used a standardized protocol to measure total insect biomass
using Malaise traps, deployed over 27 years in 83 nature protection areas in Germany (96
unique location-year combinations) to infer on the status and trend of local entomofauna.
Our analysis estimates a seasonal decline of 76%, and mid-summer decline of 82% in flying
insect biomass over the 27 years of study. We show that this decline is apparent regardless
of habitat type, while changes in weather, land use, and habitat characteristics cannot
explain this overall decline. This yet unrecognized loss of insect biomass must be taken into
account in evaluating declines in abundance of species depending on insects as a food
source, and ecosystem functioning in the European landscape.


https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0185809
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0185809

Opylovaci

* U zadné skupiny hmyzu neni tak uzka vazba ke kvetoucim rostlinam
= vztah se vyvijel po dlouhou dobu evoluce — priklad koevoluce
= ztrata vcel jako opylovacu = nedozirné nasledky v ekosystému

* More than 75% of leading food crops

* Almost 90% of the world’s flowering plants

MUNI RECETOX

Risks of pollinator decline
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Opylovaci

vCely jsou velmi citlivé na insekticidy

latky, které jsou pro vcCely zvlaste nebezpecné, musi byt oznaceny
toxicita pro vCely je povinnym udajem pfri klasifikaci chemikalii

ALE - veskeré testy a znalosti se ale vztahuji pouze k vCele medonosnée
jaka je toxicita pro ostatni tisice druhti véel a dalsi opylovace?

akutni toxicita — hromadny uhyn vcel, zvlaste ve vazbe na chemické postriky v
zemedelstvi

chronicka toxicita — zakladni faktor = snizeni imunity (varoaza atd.)
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Opylova

¢

Table 2. Summary of bee poisoning incidents in the UK, 1994-2003

Number of poi-

Minimum number of

Pesticide soning incidents colonies affected Typical uses involved in poisoning incidents

bendiocarb 38 125 Feral bee control

dimethoate 19 2124 Spray applications to oilseed rape, oat, bean and bulb crops

pirimiphos-methyl 8 46 Spray application to coniferous plantation and intentional abuse

gamma-HCH ! 14 Spray applications to oil seed rape and wood treatment recorded

chlorpyrifos 6 36 Spray application to fruit crops, apple and raspberry

fenitrothion 6 72 Spray applications to raspberry crops

paraquat 5 26 To destroy possible GM-contaminated oilseed rape crops

permethrin 5 26 Spray applications to forestry, aircraft insecticidal procedures and
intentional abuse

carbaryl 4 8 Feral bee control and intentional abuse

triazophos 4 24 Spray applications to oilseed rape and bean crops

alpha-cypermethrin 3 34 Spray applications to oilseed rape crops

cypermethrin 4 15 Spray applications to oilseed rape crops and intentional abuse

lambda-cyhalothrin 3 72 Spray application to bean crop

dichlorvos 2 5 Beekeeper treatment for wax moth

malathion 2 9 Intentional abuse

dieldrin 1 1 Wood treatment

demeton-S-methyl 1 5 Unknown

propoxur 1 queens Aircraft insecticidal procedures

sodium cyanide 1 1 Feral bee control

1,4-dichlorobenzene 1 1 Beekeeper treatment for wax moth

bifenthrin 1 0 Intentional abuse

deltamethrin 1 12 Spray application to bean crop

tetramethrin 1 4 Intentional abuse

Total® 124 (117) 652 (609)

2 One incident involved bumblebees.
b Numbers in brackets are the actual total numbers of incidents or colonies affected, as five incidents involved two pesticides and one incident
involved three pesticides.
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Neonicotinoid use & pollinator decline: a 17 year correlation

Volunteer surveys of
bees

¥ .. BWARS
1 Bees, Wasps & Ants
= A Recording Scciety
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B.A. Woodcock et al. (2016) Impacts of neonicotinoid use on long-term
population changes in wild bees in England. Nature Communications 7,
12459 doi:10.1038/ncomms 12459
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Opylovaci

= ¢melaci = velice vyznamni opylovaci
= specificka biologie oproti vCelam = kolonie s velmi malym
pocCtem jedincu
= soucCasné aplikace ruznych
pesticidu na sousednich polich | s AT 3

= v praxi neni koordinace mezi
farmari: koexpozice

Figure 1 | A complex exposure landscape. Ina typical agricultural setting, different crops may be
sprayed with different pesticides at different times and doses. Bees will obtain food both from these
crops and from wild plants, which makes it difficult to estimate their overall exposure to chemicals.
Furthermore, bees returning to the colony after foraging may pass on the pesticides as they feed larvae.
Inan attempt to partially mimic this exposure complexity, Gill et al.'” placed pesticide-laden feeders and
filter paper (not shown) at the entrance to boxed colonies of bumblebees, which could also access flowers
on crops and wild plants in the wider landscape. The researchers measured the effect of these added

I\/I U I\I I R E c E T 0 X pesticides at both the individual-bee and colony level.



Priklad — cmelaci a pesticidy

= polni studie: aplikovany povolené davky
o 2 individualni latky ,I“ a ,LC"
o Soucasna expozice ,M" (mixed) Gill et al (2012)

100
80+
S 1
@
o 604
w
o
< I
=<
o
2 40 L
®
s I B .
o
204 ==
# 3k ok
O T T T 1]
Control | LC M

Figure 3 I Overall worker losses. Mean (= s.e.m.) overall percentage of
workers lost per colony, including workers lost outside (below the dashed line)
and worker mortality (dead workers found in nest box; above the dashed line),
during the 4-week experiment. #n = 40 colonies. #P < 0.1, **P < 0.01,

#¥*P =0.001 (comparison with control).

Mbwnlr KeEuvEl1lUAK

Table 1 | Summary of observed pesticide effects for each treatment
group (I, LC or M) in comparison to the control group

Effect level Effect type 1 LC M
Effectson  Number of foragers + ND
individual  Foraging bout frequency ND ND
behaviour = Amount of pollen collected = ND
Duration of pollen foraging bouts + ND +
Effects at Worker production : ND —
colony level Brood number — ND —
Nest structure mass ND ND ND
Worker mortality ND + -
Worker loss + — +
Worker mortality & loss ND + i
Colony failure (n failed/n survived) 0/10 0/10 2/8

Significant decrease (—), significant increase (+) and no detected effect (ND) at the 5% significance
level.
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Savci

= 7 praktického pohledu Casto zaméreni na ,,malé savce*

= data z bioindikace:
o pritomnost/nepfitomnost
o opakovany vyskyt (odchyt)
o aktivita
o abundance
o hustota
o bohatost
o diverzita
o dynamika populace/spoleCenstva

O
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Savci

metody primeé

pozorovani (zejména optické) — zejména u velkych obratlovcu,
nebo kamery (fotopasti)

*= oznhaceni — naramky, obojky, vCetné telemetrie (GPS)

Handcrafted GPS Devices
Starting at 5 grams

Btdgmllighwghp oducts
|c0|:J gthb t h ology
dbttrylf cialty.
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Savci

= moderni pozorovaci metody

MUNI RECETOX

Hare
(thermal image)

Hares in OSR
(thermal image)

rabbits at night using a
thermal imaging device




Savci

metody primeé

= vzorkovani — odchyt reprezentativni ¢asti populace

= pasti mrtvochytné (zivocicha usmrti) - sklapovaci, oka, ,pitfall traps” s
vodou a jiné pasti; odstrel

= pasti zivolovné — chodbicky, padaci dvirka, navnady; Shermanova Ci
Longworthova past; znaCkovani (krouzky, usi, PIT, barva ...), pusténi a
opétovny odc_hyt (CM — catch, mark, release)




Savci

pasti
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PIT Tags (Passive Integrated Transponders)

SaVCI - tag injected subcutaneously with syringe
- PIT tag reader requireda

- animal must be captured or consistently pass

= znackovani through small opening (e.g. burrow opening, exit
hole of nest box) to use reader




Savci

= capture — release”

Useful for:
* Mobile organisms. It often isn’t reasonable to count every individual in a population
How:
Capture (humanely) a large as possible sample.

Tag those captured and released.

1
2
3. Capture a second sample. (] rotar Popuiation
4

Count the number already tagged (recaptures) (] First capture )
D Second Capture (n,)
_ First Capture x Second Capture

N = P S S - — & X e Recaplures (n,)
Recaptures

P Pl o) 418/511
MUNI RECETOX 82




Savci

Rozmisténi pasti

= kvadratova metoda — Ctverec pokryty siti menSich ¢tvercl; maximalni
velikost, ale aby podaval reprezentativni vzorek

* liniova metoda — transekt a sledovani po urcité vzdalenosti na obe strany

= metoda Y — pasti v linii tvofici tvar Y, plutky smérfuji ZivocCichy

pokryti Casové variability

= napfiklad 10 noci x 100 pasti (1000 vzorku)

= sezonni — odbéry min. 2 x za rok

MUNI RECETOX
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Savci

metody neprimeé
= dle stop organismu
= hair traps”

= vykaly

= okus stromu

MUNI RECETOX
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Ptaci

= pocty individui
* hustota na plochu
= relativni hustota — Cetnost Ci vzacnost

= distribuce — nahodnost Ci pravidelnost na
daném prostoru

MUNI RECETOX

Figure 10: Avian nest boxes can be deployed through the center of agricultural
fields with pre-emergent crops to look at the process of agricultural chemical

utilization and its potential impacts on birds.

Figure 14: Wildlife toxicologists use nesting boxes near toxic sites to assess

birds exposure and/or impacts form chemicals.



Ptaci

= odchyt — rozvéseneé sité, strilené site, krouzkovani, odbéry krve, pefi apod.

i Lo o redipec iy Aoirnihl s
LT o P --lm'lluuuh..l-..

BLURLCLA L~ ﬂn‘: T

of biucd Smpie .
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Ptaci

= pozorovani (jedinci, hnizda, zpeév...)

v okoli

o bodu

o transektu

o nha vytycCene ploSe

Point Co,u’ht

i~

Line/Strip Tratinsect

MUNTI RECETO)

STUDY AREA
BOUNDARY

POSITION OF OBSERVER
WHEN BIRD WAS DETECTED

rransect © o
LINE

General representation of line-transect sampling
of a bird population. An observer walking along
the transect line detects some birds (solid
circles) and fails to detect others (hollow cir-
cles). For each bird observed, either the per-
pendicular distance (x), or both the sighting
distance (r) and the sighting angle (8) are mea-
sured. Most line-transect methods use the dis-
tribution of right-angle distances to estimate
population density



Priklad - studium netopyru
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Priklad — studium zajicu

Effect of agricultural management on males’ reproductive , 55
status in Iberian hare (Lepus granatensis)

Maria Rosario Perez-Ornosa', Belén Martinez-Madrid!, Gerardo Bosch-Ferreiro!, Jose Alberto Vifiuelas? Cristina
Castafio?®, Adolfo Toledano-Diaz3?, Julian Santiago-Moreno?, Pelayo Acevedo?, Rafael Mateo* & Ménica Martinez-Haro®

Introduction & Methods

Hare hunting bags in Castilla-La Mancha

800000
. 700000
< 600000
< 500000
< 400000
o p
£ 300000 o
2 200000 Pesticide-treated
100000
0 areas (n=12) PT
& c?”" > ed’ c«.@ @“’ & P P S e e N Glyphosate, Tebuconazole
G v CAVA "\« "1, v U "L ’ ’
Q@\ Y @m\ Qg;\ Y éga\ GQco\ QQ'\\ & G@\ \ QN\ 'L\ '5\ Q ‘o\ Triadimenol

’\«"v’\z’b"\«’\«

Hunting season

Pesticide-free areas
(n=9) PF

i Terminal part of the emend"uent .
I\/I U I\I I ididymi - epididymal ducts ; +sperm

89



P

r

iklad — stud
1

quality

Motility & movement Structural embrane itgrity
(viability)

um zajicu

¥ E l!_;

. " !p."_"
2k >N

Morphological abnormalities

seminiferous tubules

Please, visit our Poster 2.03P.1 for more details
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Priklad - sycek

priklad sou¢asného pusobeni vice ekologickych faktoru

= traveni hlodavcu antikoagulacnimi rodenticidy
- hlodavci prezivaji nékolik dni se snizenou vitalitou

- jsou snadnou koristi — prenos jedu na predatora
- oslabeni nebo hynuti sycku

» narust poCetnosti kuny skalni

= mizeni nizkostébelnych travniku z krajiny

Dusledek:

= snizeni celkove vitality a pocetnosti populace

= vymizeni z ekologicky méne priznivych oblasti
(horské oblasti — snih —nedostatek potravy)

MUNI RECETOX
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Priklad - sycek
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Priklad — Potapka obrovska

= nékolik faktoru: nekontrolovana tézba rakosu, lov, zastavéni pobfezi,
eutrofizace

= umeélé vysazeni velkych okounu (r. Micropterus), dorustaji az 12 kg =
vyhubeni 13 z 19 puvodnich druhu ryb, vyhubeni vétSiny krabu, okouni lovili
| mladata potapek

= prudky pokles stavu:

1929 400 ks

1960 100 ks

1965 80 ks

1986 posledni pozorovani

= pouceni = vysoka citlivost stenoeknich druht ke zméné prostredi
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Priklad — Husa velka

= Skotsko, centralni a vychodni Cast, zima 1971 - 72

= pfezimovani cca 60 000 jedincu husy divoké, tj. cca 2/3 britské
populace

= vysoka umrtnost ve stovkach jedincu
= hledani pfriciny:

moreni osiva
ozimého obili

husa ;elm : vysoka

MUNTI RECETOX (Anser anser mortalita
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Priklad — Husa velka

= BernesSka velka — neovlivnéna
= nizSi citlivost vuci carbophenothionu nez husa velka

Zavery
= mezidruhove rozdily v citlivosti

berneska velka - mene citliva nez husa velka
nutno respektovat pri testech chemikalii

= velka mistni koncentrace populace je rizikem
prostorova distribuce — faktor pri hodnoceni

MUNI RECETOX
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Priklad — supi a diclofenac

= zastupce ze skupiny NSAD (nonsteroidal
antiinflammatory drugs)

= podobné ucinky (tlumi projevy zanétu) jako
ibuprofen, paralen
= pouzivani ve veterinarni mediciné

= neocekavané akumulace v domacich zviratech
= velka toxicita pro dravce (mrchozrouty)

= neoCekavana NEFROTOXICITA - akutni
mortalita

= velky problém v Indii a Pakistanu,
ale i v Evropé (Recko, Spaneélsko, Italie, Kypr)

MUNI RECETOX

3mL /Ampoule 3 Ampaules For |

Inframuscular Injection

DICLOFENAC

NSAL

Non-steroidal
Antiinflammat

Cl i ! LI tic agent.
'DUBAR] PHARMA Alegoo - Syria QURARY ‘
NH
Cl ONa
0 Voltarem O
S qu qe Y

More than 90 percent
decline in decade
Vulture population

1997 2007 Losses
j| around | around attributed
300,000 | 1,000 10 use of
y. diclofenac
. 45 in r:atlle
M’ . Vultures feeding on = \5{’
. carcasses of cattle ~ 2

- dosed with diclofenac u,g
" die of Kidney fallure /‘;_j,ﬁ f"‘ A painkiller and
within 24 hours

anti-inflammatory
medicine used in
veterinary

Onenm!

white-backed medicine, as well
vufture as human
medicine
Nepal has now -
banned production
and import of Source: Bird
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Terestricka flora

= = PRODUCENTI = zasadni vyznam pro ekosystém

= hlavni zdroj energie a organicke hmoty v ekosystemech
= zdroj kysliku pro ostatni organismy

= ekonomicky vyznamne organismy

= potraviny, zdroje surovin (drevo) ....

= esteticky vyznamné organismy

-> ekotoxicita pro producenty ma zasadni vyznam
pro cely ekosystem

MUNI RECETOX
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Bioindikace pomoci rostlin

» slozeni rostlinnych spoleCenstev — fytocenologie

= funkce a stav rostlin
o méfeni fotosyntézy (produkce kysliku, fluorescence fotosyntetickych pigmentu)
o biochemické markery

o genotoxicita (mikrojadra, chromozomové aberace)
o fungovani fixace dusiku, mykorhizy

listova pokryvnost

sledovani vyskytu indikatorovych organismu
o mykorhitické houby

o liSejniky
o hemoci (svrastélka javorova)
polutanty v rostlinach

MUNT RECETOX & y



Sledovani fotosyntézy
= gazometrie (IR) - méreni spotreby CO2, produkce O2
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Sledovani fotosyntezy

sledovani fluorescence
* impuls svétla = absorbce chlorofylem - emise svetla (Cervené)
= u posSkozenych rostlin zmeny v intenzite a kinetice fluorescence

(O

Halogen lamp

Orange LEDs

MUNT RECETOX
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Fytocenologicky snimek

» studium rostlin na urovni rostlinnych spolecenstev

= slouzi k dosazeni jednoho ze zakladnich cilt fytocenologie = klasifikace vegetace:

o urcité skupiny rostlin - rostlinna spoleenstva maji typickou kombinaci druhu, fyziognomii (napf. les nebo
travnik) a ekologii

o skupina ma vlastni latinsky nazev, jehoz zaklad tvofi vétsinou dominantni nebo charakteristicky druh a
latinska koncovka podle toho, na jaké hierarchické urovni skupina v systému stoji (tfida, rad, svaz, asociace)

o https://www.sci.muni.cz/botany/vegsci/vegetace.php?lang=cz

= pomoci fytocenologickych snimku Ize ale odpovédét i na fadu ekologickych otazek: vliv
podminek, chovani a Sifeni invaznich druhu atd.

Fytocenologické snimky v riznych
uzemich Ceské republiky podle Ceské
narodni fytocenologické databaze.
Velikost symbolu je proporcionalni

k po¢tu snimku.
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https://www.sci.muni.cz/botany/vegsci/vegetace.php?lang=cz

Fytocenologicky snimek

= vymezeni plochy, ¢tverec nebo obdélnik, jednotky - stovky m?
= rostliny se rozdéli dle vysky do nékolika vegetacnich pater:

o mechorosty a liSejniky

o byliny, semenacky drevin

o kefe a stromy s pfipadnymi lianami a epifyty
= odhadne se pokryvnost jednotlivych pater

= v kazdém patre se zaznamenaji vSechny druhy vCetné odhadu plochy, kterou pokryvajl (v
procentech nebo specialni stupnice — sedmiclenna Braun-Blanquetova nebo
jedenacticlenna Dominova)

* zaznamenavaji se i jiné informace, samozifejmeé presna poloha a datum, ale i sklon svahu a
jeho orientace ke svétovym stranam

= mohou se také odebrat vzorky pudy na pozdéjsSi analyzy (napf. pH a dalSi chemické
analyzy)
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Kvadratova metoda
SAMPLING SUMMARY

‘ What type of organism are you estimating the population size of! ‘

‘ Slow moving or non-motile Motile organisms ‘

Sample using a quadrat Sample using the

—)

mark-release-recapture method

. Uneven

Uniform
. distribution

distribution -

Random sampling Line transect

MUNI RECETOX
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Kvadratova metoda

= kvadratova metoda — ruzné velké uzemi prekryto siti plosek,
tyto opakované bud na vymezeném uzemi Ci na transektu

Useful for:

* Stationary organisms — plants, fungus, etc.

How:

1. Measure total area where the population lives.

2. Take a square (this is known as a quadrat), often 1mx 1 m.

3. Throw it randomly and count the number of organisms
within that square.

4. Repeat this as many times as practical.

5. Average the number of organisms per quadrat and then

multiply this up to the size of area.

oy




Kvadratova metoda

METHODS TO ESTIMATE THE ABUNDANCE OF A SPECIES

I. Local frequency (% of squares in the quadrat with the species present)

2. Density (The number of one species in a given area)

3. Percentage cover (proportion of the ground occupied by the species)

|

& ,a,#

35 squares contain the species I'1'in 0.5m x 0.5m (0.25m?) The
whole field is 280m?

(280/0.25) x 11
=12, 320 of species in entire field

= 35% local frequency

MUNI RECETOX

I8 full squares covered
= 18% percentage cover

How many weeds are in this field?

Total area of field: (200m x
50m) = 10,000m?

Area sampled: (10 quadrats x
0.25m?) = 2.5m?
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Kvadratova metoda

= kvadratova metoda

"-'--L.r Tl i

. F*Iags==|-'
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LAI — index listove pokryvnosti

= mnozstvi listovi - zakladni ekologicky indikator
= defoliace jako bioindikator stresu

= porosty kulturnich rostlin 4-8

= stredne husté smrkove porosty 3-5

= borovice lesni 20 let — bez prihnojovani 2,8 - 4,4
= borovice lesni 20 let — s prihnojovanim 5,5 - 9,4

LA — celkova listova plocha [m?]

LAl — index listové plochy =LA : P
LAD - hustota listovi=LA: V
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LAI — index listove pokryvnosti

* hustota vegetace ovliviuje depozici povrchu napr. pfi

atmosférické depozici nebo pfi aplikaci pesticidu
= samozrejme, ze se toto meni | behem roku

insekticidy
(dimethoate, cypermethrin)

MUNI REC

X pudni brouci
na jeémenném poli

P.=P,

kde je:

exp (k . LAI)

mnozstvi pesticidu, které dosahne povrch pudy (g/ha)
mnozstvi pesticidu aplikované na pozemek (g/ha)
koeficient zachytu pesticidu

(v dané pripade k =-0,479)

listovy ploSny index (m2. m)
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Lisejniky - priklad

Stav liSejnikl reaguje citlivé na kvalitu ovzdusi

Proc lisejniky?

= ZvySeny pfistup imisi

= Anatomicka stavba stelky

= Vodni rezim

* [ntenzita metabolismu

= Symbioticka podstata lisejniku
» |ntegrace imisni zatéze (latkova, koncentracni a Casova)

MUNI RECETOX 10



Lisejniky - priklad
Hlavni metodické pristupy

= metody fyziologické (pokles intenzity fotosyntézy, dychani a Cisté produkce,
snizeni obsahu chlorofylu a pritomnost feofytinu, stanoveni pH a vodivosti
liSejnikoveé stélky, redukce fosfatazove aktivity, metabolismus aminokyselin)

= metody morfologicko — anatomické (stupnice 1 az 0: stélky normalné
vyvinuté, stélky zakrnele, pripadne mirne poskozene, stélky s vyraznymi
stopami poskozeni, stelky z velké Casti odumrelé, stélky zcela odumrelé ...)

MUNI RECETOX 11



MESTO

HRANICE STATN/

Skupina [Citiivostkimisim [Drah |

silné toxitolerantni Lecanora conizaeoides
[ IV 4 u Y 4 \' 4 4 Lepraria sp.
Lisejniky - priklad

Lecidea scalaris
Hypogymnia physodes
stfedné citlivé Lecanora subfusca sp. agg.

Hlavni metOdiCké p‘fistupy Parmelia sulcata

Parmelia saxatilis

= metody floristické — chorologické (mapovani Parmeliopsis ambigua
v rv ,a . v o . T . Parmelia exasperatula
rozsireni indikacnich druhu, stupnice citlivosti

Plastismatia glauca
indika&nich druha) Pameliopsis hyperopta
Cetraria chlorophylla
Lecanora varia
seudoevernia
Evernia prunastri
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Lisejniky - priklad

Hlavni metodické pristupy
= metody fytocenologické =1 (Q.f)

o index IAP (Index of Atmospheric Purity)

- Q - ekologicky index kazdého druhu lisejniku, udavajici primérny pocet
doprovodnych druhl na vSech stanovistich, kde se nachazel
- f-hodnota abundance nebo frekvence podle odhadové stupnice

o IndexL
- m - poCet indikaCnich druh( nalezenych na daném stromé
- - ekologicky index citlivosti druhu k imisim (vySSi q = vysSi citlivost)
- f - kvantitativni zastoupeni druhu podle odhadové stupnice
- v - vitalita druhu podle odhadové stupnice

MUNI RECETOX 13
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Lisejniky - priklad
Hlavni metodické pristupy
= metody fytocenologické

o Iindex L

o Rozsah indexu L v horskych
smrc€inach v nasich pohranicCnich
pohorich v 80. letech 20. stoleti
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Lisejniky - priklad
Hlavni metodické pristupy
= metody fytocenologické

o indikacni kapacity - ustup liSejniku - etapy ustupu:

- shizovani vitality (= v z L indexu)
- shizovani abundance (= fz L indexu)
- shizovani poctu druhd (=q z L indexu)

MUNI RECETOX
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Lisejniky - priklad
Hlavni metodické pristupy

= metody fytocenologické
o indikacni kapacity - ustup liSejniku - etapy ustupu
o modelové priklady dynamiky ustupu lisejniku

rovnomerny ustup dlouhodoby ustup stfednédoby ustup
*soucasny ustup na urovni druhdq, *pfevazuje ustup na urovni druh( *pFevaZzuje ustup na urovni
abundance i vitality abundance

*pfedpoklad dlouhodobého
pusobeni imisi

MUNI RECETOX

kratkodoby ustup

*pfevaZzuje ustup na urovni vitality

*pfedpoklad nahlého zvyseni
imisni zatéze v nedavné dobé
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Lisejniky - priklad

Hlavni metodické pristupy
= metody fytocenologické

o indikacni kapacity - ustup liSejniku - etapy ustupu

o KRNAP

1982

1993

o
e
®
=

o
2
8
=

1987

1997
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Lisejniky - priklad
Hlavni metodické pristupy
= metody chemicko-analyticke - lisejniky jako material pro chemickou analyzu

Koncentrace Pb (mg/kg sus.) v
liSejniku Hypogymnia physodes
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Priklad - rozpad smrkovych porostti v CR

= pfiklad komplexniho pusobeni nékolika faktoru
= horské oblasti CR, 2. polovina 20. stoleti

= prvni pri¢éina — smrkové monokultury v nevhodnych oblastech (mélky
kofenovy systém — mala odolnost vicéi vétru, Sifeni Skadc)
= druha pri€ina — kyselé desté v dusledku spalovani hnédého uhli s vysokym
obsahem siry
o oOkyselovani pudy (posSkozeni kofenovych systémda, vliv na pfijem zivin, uvolnéni
toxického Al ...)
o primy vliv na nadzemni Casti rostlin (kvéty a mladé vyhonky — nejzranitelng;si,
poskozeni epikutilarniho vosku)

o pFimy uhyn stromu €i oslabeni — podlehnuti dalSim stresorim (snih, Skudci — kurovcové
kalamity)
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Priklad - rozpad smrkovych porostti v CR

BE< 5
B 5-10
Bl 10-15
] 15-20
] 20-25
Bl 25-30
Bl 30-40
B 40-50
Bl s50-60

Bl >60-=1H,

/ koncentrace [ug.m™]
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SO, v ovzdusi v 90. letech
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Priklad - rozpad smrkovych porostu v CR
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Pfiklad - rozpad smrkovych porostti v CR
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Priklad - rozpad smrkovych porostti v CR

komplexniho pusobeni faktoru

= vymyvani zZivin

= toxické pUsobeni hlinikovych iontu

» nedostatek Mg — pokles fotosyntézy

= vynakladani energie na obnovu kofenu
= unik kofenu k povrchu — vyvraty, mraz
= akutni pusobeni imisi na jehliCi

= prebytek dusiku ‘

= celkové snizeni vitality stromu

= nedostateCna odolnost k: abiotickym faktoriim (sucho, mraz, vitr)
‘ biotickym faktoram (houby, hmyz)

= vysledek — uhyn stromu
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Priklad -

rozpad smrkovych porosti v CR

komplexniho plisobeni faktoru

—_—

acidifikace
pudy

vymyvanizivin (Ca, Mg)

shizeny pFijem zivin

Symptom: pred¢asné opadavanijehli¢i. Mozné pficiny:
naruseni

vodniho rezimu komplexné pusobici pfi€iny (vitr, mraz, sucho, imise)

pokles

fotosyntézy nedostatek Mg
nedostatek K
rez zlatoslizka smrkova (Chrysomyxa abietis)
toxické pusobeni houba Rhizosphaera kalkhoffii

na koreny

msSice smrkova (Liosomaphis abietina)
uvolfiovani kationtu hliniku

houba (Lophodermium macrosporum)

mrazivé sucho, mraz (vétsi nachylnost pfi nedostatku K)

pusobeni posypovych soli

obranna opatreni

' houba (Sirococcus strobilinus)
proti zasahu

E

ploskohibetka smrkova (Cephalcia abietis)

zvy§ena spotreba
energie

zasoby SElereerf T e pilatka smrkova (Pristiphora abietina)
nestaci systému

houba (Ascocalyx abietina)

MUNT & = % _

oslabeni organismu J
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h porostu v CR
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Priklad - rozpad smrkov
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Priklad - rozpad smrkovych porostti v CR

A4

= Skudci — kovafrici, kozli¢ek, lykohub
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Priklad - rozpad smrkovych porostti v CR

A4

= Skudci — obale€ modrinovy, pilatka, pilofitka

i 1 I\EbEIUX



Priklad - rozpad smrkovych porostti v CR

= nepratelé Skudcu — lumci, stfevlici, slunécCka, mravenci atd.

MUNI RECETOX
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Priklad - rozpad smrkovych porostti v CR

dalSi stresor: aplikace insekticidu

= velkoplosSna aplikace insekticidu: 1978 — 1983

= pouzité pripravky: Actellic 50 EC (pirimiphosmethyl
— organofosfat, kratké pretrvavani v prirodé) a
Ambush 25 EC (permetrin - pyrethroid,
nebezpecny i pro studenokrevné zivocichy)

= ucinnost zasahu: housenky opadavaly ze stromu
hodinu po zasahu, pramérna ucinnost 81%,
celkové zasah zachranil asi 50% jehlic
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Priklad - rozpad smrkovych porostti v CR

dalsi stresor: aplikace insekticidul - vedlejsi vlivy:

vysledky sledovani - na 1 m? pod korunami
- 230 — 250 housenek obalece
- 70 — 230 jedincu dalsiho hmyzu
= u hmyzu létajiciho nad povrchem pudy — klesl pocet jedinct na 40%, pozdéji na 20-30%
proti kontrole — zvySovani stavl po 14 dnech
= velmi negativni, az drasticky vliv na faunu potokd — larvy vodniho hmyzu zasazeny a
unaseny proudem: 10 — 30 x vice proti normalu — nejcitlivejsi posvatky
= dlouhodoby vliv na populace hmyzozravych ptaku

Kralicek obecny (Regulus regulus)

MUNI

Drozd zpévny (Turdus philomelos)

1983 1985 1987 1989 1991 1993 1995

1997
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