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Biota terestrickych ekosystému

Pudni biota

= Pudni mikroorganismy
= Pudni bezobratli
Terestricka biota

= Terestricka fauna
o Clenovci — pavouci, roztoCi, iIsopoda, stonozky, mnohonozky, hmyz
o obojzivelnici
o plazi
o ptaci
o Savcli
= Terestricka flora
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Pudni biota



Co je puda?

Puda je komplexni, heterogenni, polydisperzni a trojfazova smés mineralnich
Castic, organické hmoty, vody, vzduchu a zivych organismu

specificky pfeménéna a premérnovana pusobenim pudotvornych faktoru
(geologicke, topograficke, klimaticke, fyzikalni, chemicke, biologické a Cas)

tak, ze vysledkem je vznik a vyvoj nove kvality — tenke, kypre a porovite,
v horizonty Clenéné a oziveneé vrstvy na povrchu Zeme,
ktera se liSi od puvodnich materialu morfologickymi, fyzikalnimi, chemickymi a
biologickymi vlastnostmi,
a ktera, neni-li degradovana, poskytuje nenahraditelne zivotni prostredi
rostlinam, zivoéichum a cClovéku
a ma nenahraditelné funkce v terestrickém ekosystému a pro lidskou
spolecnost.
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Co je puda bez pudni bioty?

Puda je Ziva hmota !!!

puda = bioticky + abioticky komplex

v kazdém kilogramu pudy se vyskytuje
10° — 10*? mikroorganismu a tisice
bezobratlych = takovy kilogram je

vlastné cely ekosystém
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Pritimé&rné

oéty jedinéil edafonu a jejich hm

30 cm (podle riiznych autori sestavil Dunger)

ost na 1m? pildy do hioubky

-

Skupiny Jedinci _ Hmotnost v g
D primér optimuin privmér optimum
Mikroflora ' ’
baktérie 1 bil. 1000 bil. - 50 500
aktinomycety 10000 mil. 10 bil. 50 500

_ |houby 1000 mil, - 1 bil. 100 1 000
rasy lmil. = 10000 mil, 1 15
Mikrofauna
bigikovei 0,5 bil. 1 bil.

“mé.ﬁavky 0,1 bil, 0,5 bil. 10 100
nalevnici 1 mil. . 100 mil.

Mezofauna )
vilnici 25000 600 000 10,01 0,3

(had’sika . 1000000 25000000 1 20
roztodi 100 000 400 000 1 10
chvostoskoci © 50 000 400 000 0,6 10
|Makrofauna o .
roupice 10 000 200 000 2 26
plzi 50 1000 1 30
pavoukovci 50 <200 0,2 1
stejnonoZcl 50 200 0.5 1.5
ImnohonoZky 150 500 4 8
stonoZky 50 300 0.4 2
dalsi stonoZkovci 100 2 000 0,05 1
brouci 100 600 1,5 20
dvoukiidli 100 1 000 1 10
dal¥f hmyz 150 15000f 1 15
Megafauna

- |ZiZaly 80 800 40 - 400
obratlovei 0,001 0,1 0,1 10
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10 1000 100000

$0|

Ag Land Prairie Forest
Organisms per gram (teaspoon) of soil
Bacteria 100 mil. -1 bil. 100 mil. -1 bil. 100 mil. -1 bil.
Fungi Several yards 10s — 100’s of yds 1-40 miles
(in conifers)
Protozoa 1000’s 1000’s 100,000’s
Nematodes 10-20 10’s — 100°’s 100’s
IFaestsoii Grasskand Arableland
Nematoda / Z
Acarina / /44/////// ///A
Colkembola <.
Enchytracicae YK
Diptera
Dipiopoda ?
Lumbriciiae /]
isopoda + +
Coleoplera 3
Aranea :5 +*
Chilopoda +
Gastropoda + +
Pauropoda + +
o wsess: [ /% s

0 1000 100000

FIGURE 3. Mean composition of the soil fauna in a forest, meadow, and arable
soil (mean numbers per dm? for the 0- to 30-cm layer; + means
present). (From Eljsackers, H. and Van de Bund, C.F., in interactions
Between Herbicides and the Soil, Hance, R.J., Ed., Academic Press,
London, 180, 255. With permission.




Oziveni pud

Fig. 1.2: This highly simplified
figure aims to give some idea of the
distribution of organisms vertically
through the soil profile. It is clearly
an oversimplification and in fact
microorganisms such as bacteria
(<) and protozoa (e) are distributed
throughout the soil profile,
although with the highest biomass
being found near the soil surface
which is richer in organic matter.
The two collembolans are adapted
for living at different soil depths
with the species shown in (a) being
more adapted for living on or near
the soil surface and that shown in
(b) being more adapted to living at
deeper levels. These differences are
discussed in more detail in Section
IX. Earthworms are also found in
greater numbers closer to the soil
surface but can also be found down
to depths of 1 metre or more and
form three different ecological
groups which are discussed in
more detail in Section XHl. Fungi
are also found throughout the soil
profile but are particulariy common
close to the soil surface where
there is higher concentrations of
organic matter as well as numerous
plant roots with which they can
form symbiotic relationships (f).
This figure only shows a very few
selected organisms. Many more
organism groups make the soil
their home as this atlas will make
clear. JRO)

FIGURE 6.4. Arenas of activity in soil systems. These “hot spots” of activi_ty may be le_ss
than 10% of the total soil volume, but represent more than 90% of the tota} bfologxcal activ-
ity in most soils worldwide (from Beare et al., 1995, reprinted with permission).
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FIGURE 4. Schematic survey of the soil fauna community. Squares indicate hab-

itat size and relevant sampling area. Species are arranged according
to feeding type. Important species are drawn at scale. (From Eijsack-
ers, H. and Van de Bund, C.F., in Interactions Between Herbicides
and the Soil, Hance, R.J., Ed., Academic Press, London, 1980, 255.
With permission.)



Co je puda bez pudni bioty

= PUDNI BIOTA = PREDPOKLAD PUDY = kli¢ova pro vznik a fungovani
pudy
= Biota je v pudé nezbytna pro:
o ekosystémoveé funkce pudy
o pudotvorné procesy
o pudni urodnost
o dekompozice a premény organické hmoty
o cykly zivin
o vodni a vzdusny rezim pud
o degradaci polutantd
o atd. atd.
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Co je puda bez pudni bioty

= pokud hodnotime vlivy negativnich faktort na pudu jako celek, je oznaceni
EKOtoxikologie zcela na misté:
o protoze se nejedna pouze o jediny organismus ale cely ekosystéem

o protoze pokud dojde k poSkozeni funkci pudni bioty, prestava puda vykazovat své
zakladni ekosystémové funkce:
- narusen kolobéh zivin
- dochazi ke ztraté urodnosti, struktury
- nakonec i k mechanické degradaci

o protoze je takto narusena stabilita celeho terestrickeho ekosystému

= 7 téchto duvodu patfi bioticka slozka pudy a jeji stav k hlavnim
indikatorum pudni kvality a pudniho zdravi
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Funkce bioty v pudé

Role pudni bioty v dekompozici

= Mikroorganismy — rozklad a mineralizace organicke hmoty (opad,
odumrelé koreny, dfevo, odumrela téla zivoCichtu a mikroorganismu ...) na
jednodussi slouceniny a mineralni latky, které jsou pristupné pro primarni
produkci

= Pudni fauna — mechanické zpracovani mrtvé organické hmoty: rozmélnéni,
zvetSeni povrchu, promichani s mineralnimi casticemi (i vlastnim
pruchodem pfes travici trakt), transport v pude, umoznéni vzniku
organomineralniho komplexu a pudni struktury

= (Obé skupiny jsou velmi propojené v potravnich a dalSich vztazich
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Funkce bioty v pudé
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Potravni sit’ v pudeé

The Soil Food Web
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Generalists
e.g.

earthworms*
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Potravni sit’ v pudeé
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Skladba
pudniho

mikroorganismy:

oziveni s "~ T | 90 % celkové biomasy a aktivit !

Table 2. Composition of a Soil of a Grassland on Dry Weight Base
mineral soil 84%

Soil dead org. m. 85%
organic matter 6% living roots 8.5%
: living org. m. 15% f bacteria + actinomycetes 50%
edaphon 6.5% fungi 25%
{ worms 14%
macrofauna 5%
mesofauna 2.5%
microfauna 3.5%

From Dunger. W., Tiere in Boden, Ziemsen Verlag, Wittenberg Lutherstagt, 1984, 265 pp. With permission.

bezobratli:

nejvétsi abundance maji hlistice, roztoci, chvostoskoci,
roupice,
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http://commtechlab.msu.edu/sites/dlc-me/zoo/Pf07002.jpg
http://commtechlab.msu.edu/sites/dlc-me/zoo/Pf07002.jpg

Skladba pudniho oziveni

LI BV 4

= v pudni ekotoxikologii jsou ¢asto pudni organismy chapany jako ty, které Ziji
béhem stézejnich Zivotnich fazi v pudé

= EDAFON = soubor organismu pfitomnych v pudé celymi tély, migrace a
rychlé mnozeni

= dle pfislusnosti Kk Fisi:
o fytoedafon - rasy, bakterie, houby, aktinomycety
o zooedafon - prvoci, Cervi, mekkysi, savci, Clenovci

= ZIVE ORGANY VYSSICH ROSTLIN - réiznorody material, doplfiovani
humusového materialu
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Skladba pudniho oziveni

dle zplisobu zivota:

= geobionta - cely Zivot v pudé

= geofila - preferuji pudu, alespon ¢ast zivotniho cyklu
= geoxena - jsou v pudé spiSe nahodné

= Euedafon — v8echna stadia v pudé (Zizala)
= Protoedafon — jen nektera stadia (chroust)

Juvenil ‘
= Hemiedafon — muZe it i mimo padu (chvostoskok) [\
. ) . Adult Egg
= Pseudedafon — v pudeé se jen ukryvaiji -, “ /
) .. ) . ] 77‘/7777 v i/ 77777777777;7/-77/7777
= Tychedafon — v pude jen nahodnée (zaplavy) Juvemle Adun
o Juvemle
<< Juvenile
) TH'ANSIENT TEMPORARY PERIODIC PERMANENT
[C°|°gplg'gp%%zg"?e?'ﬁ’ae) e-g.(.g;:?t:fr;)sp i e.?éefr%:i;?el?ajp. (C:!egop?e?:xn%o:elezmgae)

FIGURE4.1. Categories of soil a

_ nimals defined according to d
I\/I U I\I I R E c E T 0 X illustrated by some insect groups (from Wallwork. 1970 R CREE0n 0% Frencuio ol i



Skladba pudniho oziveni

dle velikosti:

1) mikroedafon
mensi nez 0,2 mm - mikroorganismy (bakterie, aktinomycety, houby, plisné€, prvoci, rasy,
sinice) a zivoCichové mensi nez 0,2 mm (nékteré hlistice, virnici)
nékdy se déli na mikrofaunu a mikrofloru ("soil microflora")

2) mezoedafon

0,2 - 2 mm — nékteré houby, nékteri virnici (rotatoria), vétSina hlistic (nhematoda), nékteri
Cervi (annelida), vétsSina chvostoskoku (collembola) a rozto€u (acarina) a néktery hmyz

3) makroedafon
2 — 20 mm - roupice, hmyz, mnohonozky, stonozky, stejnonozci (isopoda), pavouci,
mekkysi (molusca)

4) megaedafon
> 20 mm - zizaly (lumbricidae) a obratlovci (krtci, mysi, hrabosi, krecci ...)
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Velikost pudni bioty

MUNI

omdrné velikost mikroorganismy (K45 - Langkramer,1954)
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Microflora and microfauna Mesofauna Macio- and megafauna

Velikost pudni bioty =,

Nematoda
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Fig. 2.1 Classification of soil biota on the basis of their body size. {Adapted from Swift et al. 1979).
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Velikost pudni bioty

Table 1.1: The soil biota can be divided into three groups.

Smaller

» Larger

Microfauna/flora
Size range 1- 100 um

Bacteria
100 billion cells from
10,000 species

Fungi
50 km of hyphae from 100

of species

Protozoa
100,000 cells from 100’ of
species

Nematodes
10,000 individuals from
100% of species

Mesofauna
Size range 100 um — 2mm

RELG e

Collembola
Mites

Combined 1,000’s individuals
from 100% of species

MUNI | RECETOX

Macro/Megafauna

Sizerange >2mm
Earthworms
Ants

Woodlice

Centipedes

Amphibians and reptiles

Mammals
Birds

Combined 100’ individuals
from 10’ of species

1T mm
An amoeba A human hair
100 UM s—
10um = -

Bacterial cells .
A nematode

Fungal hyphae

Fig. 1.3: A schematic showing, to scale (approx. 80x magnification), the
average relative sizes of different soil microorganisms compared to the
thickness of an average human hair. (JRC)




Velikost pudni bioty vs jeji funkce

TABLE4.12. Influences of Soil Biota on Soil Processes in Ecosystems

Nutrient cycling Svil structure
Microflora Catabolize organic matter Produce organic compounds that bind
Mineralize and immobilize aggregates
nutrients Hyphae entangle particles onto

Microfauna  Regulate bacterial and fungal
populations
Alter nutrient turnover

Mesofauna Regulate fungal and micro-
faunal populations
Alter nutrient turnover
Fragment plant residues

Macrofauna Fragment plant residues
Stimulate microbial activity

aggregates

May affect aggregate structure through
mteractions with microflora

Produce fecal pellets
Create biopores
Promote humification

Mix organic and mineral particles

Redistribute organic matter and
microorganisms

Create biopores -

Promote humification

Produce fecal pellets

I\/I U I\I I R L vFiOII.l Hintillixetal., 1990.



Microflora

Bacteria and fungi have diverse metabolic
capabilities and are the principle agents for the
cycling of nutrients e.g. nitrogen, phosphorus and
sulphur. They may be free living or symbiotic and
active in the decomposition or build-up of arganic
matter. They also help in the formation of stable
soil aggregates.

Microfauna

Protozoa and nematodes are a crucial link
between microflora and larger fauna. They
regulate the populations of bacteria and fungi and

play a major role in the mineralisation of nutrients.

Mesofauna

Mites and collembola feed on litter and help
fragment organic residues. They are predators of
fungi and microfauna, playing an important role in
regulating microbial populations and nutrient tum-
over.

Macrofauna

Earthworms, termites and dungbeetles, efc are
important biological agents fragmenting organic
residues and causing a large surface area to be
exposed. They also help the formation of soil
aggregates and soil pores.
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Food-Web

Velikost pudni bioty vs jeji funkce
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Skladba pudniho oziveni

dle potravnich preferenci:

1) Producenti — autotrofni organismy — vychazi z mineralnich latek a energii ziskavaji ze svétla —
fotoautotrofie (vysSi rostliny, sinice, fasy) €i oxidace anorganickych latek — chemolitotrofie (nékteré
bakterie)

2) Primarni konzumenti — fytofagie, fytotrofie — konzumuiji rostlinnou biomasu (ruzné larvy, brouci,
krtonozky, néktefi pavouci a roztocCi, rostlinni parazité - hlistice)

3) Sekundarni konzumenti — karnivofi, predatofi — poziraji fytotrofni organismy — dravy hmyz, pavouci
a roztoCi, stonozky

4) Rozkladaci, destruenti, saprofagové — Zivi se odumfelym organickym materidlem — v pudé
nejpocCetnéjSi skupina — dekompozice - kolobéh prvku a latek
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Skladba pudniho oziveni

dle potravnich preferenci:

1) Fytofagové — Ziva rostlinna téla

2) Zoofagoveé — Ziva zivoCiSna téla

3) Nekrofagové — odumrela zivocCisSna téla

4) Saprofagové — rozkladajici se organicka hmota
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Studium ucinku stresoru na pudni biotu

Uroven

Priklady typu ucink(i a hodnocenych parametrtl (endpoint()

biochemicka/mo
lekularni

interakce s enzymy (dehydrogenaza, B-glukosidaza, nitrogenaza, acetylcholinesteraza, glutathion-S-transferaza, peroxidaza...)
+ oxidativni stres (glutathion, lipidni peroxidace...)

» biochemické markery (heat shock proteiny, cytochrom P450, etoxyresorufin-O-deetylaza - EROD, metalothioneiny...)

* genotoxicita (testy genotoxicity s mikroorganismy, zizalami, hlisticemi)

» naruSeni membran (integrita a fluidita membran nepolarni narkézou, naruseni iontovych pump €i transportnich systému...)

+ interakce s receptory (AhR receptor u zizal...)

bunééna + vitalita a funkce bunék (studium hemocytt, coelomocytl, pocitani bunék, déleni a rist mikroorganismu, hodnoceni spermii zizal...)
* bunécné déleni
* naruSeni proteosyntézy
individualni + prezivani (testy mortality s Zizalami, chvostoskoky, hlisticemi, roupicemi, testy kliivosti...)
* nekrozy, |éze, onemocnéni (pozorovani organismud na konci testu...)
* pfijimani potravy
« fyziologie (hodnoceni neurotoxicity u zizal...)
» energeticky metabolismus
» chovani (Unikové testy...)
+ aktivita (méfeni fotosyntézy u rostlin...)
* rast (testy inhibice rustu vyssich rostlin...)
* bioakumulace (bioakumulaéni testy s Zizalami, isopody...)
populace » populaéni dynamika — mortalita, natalita, reprodukce (reprodukéni testy toxicity s pddnimi bezobratlymi — Zizalami, chvostoskoky, roupicemi...)

+ fithess populace (vicedruhové kompeticni testy...)
* rast populace (rust specifickych skupin mikroorganismda, vice-generacni testy...)
» prostorovy vyskyt populace v terénu, bioindikace

spoleCenstva

 biodiverzita a struktura spolecenstva (funkéni diverzita mikroorganismi méfena metodou Biolog, maturity index hlistic, diverzita piidnich mikro¢lenovcu, zmény slozeni vegetace —
fytocenologie...)

 vztahy (hodnoceni mykorhizy, testy s dravymi roztoci, testy kompetice nematod...)

» fungovani (testy s pdnimi mikrokosmy, polni testy, bioindikaéni metody...)

+ stabilita spolecenstva

 selekce rezistentnich druhu, vznik tolerance

+ vyuziti indikatorovych druhtl — citlivé druhy na dany typ stresu

ekosystému

» cykly C, N, P, S (méfeni respirace pldy, nitrifikace, denitrifikace...)

+ dekompozice (méfeni rozkladu organickych rezidui...)

+ energetické toky

+ bilance (uhlik vazany v biomase pudy a v organické hmoté v pdé...)

» vyvoj (hodnoceni sukcese...)

» hodnoceni ekosystémovych sluzeb (,ecosystem services®) a funkci (produktivita, vynos, schopnost biodegradace polutantd...)




Orgiazzi et al. (2016): Global Soil Biodiversity
Atlas. Chapter 2 — str. 29 - 65
https://esdac.jrc.ec.europa.eu/content/global-soil-
biodiversity-atlas

Jeffery et al. (2010): European Atlas of Soil
Biodiversity — Section 2 - str. 89 — 125
https://esdac.jrc.ec.europa.eu/content/atlas-soil-
biodiversity

prof. Miko: Zivy plast’ planety Zemé
https://www.youtube.com/watch?v=Z5rMheOnaec
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