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Abstrakt

Degradace pudy vede ke sniZzeni produktivity pidy a ma také vliv na zivotni prostiedi.
Hlavnim faktorem degradace pidy jak v Evropé, tak v Ceské republice je vodni eroze. V
souCasné¢ dob& se otazka eroze casteCné fesi normami Spravné zemédclské praxe pii
hospodaieni s pidou (DZES), konkrétné standardy DZES 4 (Minimalni pokryv pudy) a
DZES 5 (Minimalni Groven obhospodatfovani pudy k omezovani eroze). Tato opatieni vSak
nejsou dostatend k ochrané pidy ohroZené erozi. Proto jsme sv&dky riznych negativnich
zmén v krajiné a prostiedi. Z hlediska pedologického, poskytuje védecka literatura
vyznamné informace o zménach fyzikalnich, chemickych a nékterych biologickych
(zejména mikrobiologickych) vlastnosti piady béhem eroze a o negativnim dopadu na
rostlinnou vyrobu. Existuje v8ak nedostatek informaci o ucinku na epigeické bezobratlé

zivocichy.

Tato prace se zabyva vyuzitim predevsim epigeickych spolecenstev bezobratlych zivocichi
jako indikatort zmén v krajiné. Jednd se o viceleté studie, které nam napoméahaji pochopit
zmény, které se v poslednich letech v krajiné udaly. Nashromazdény material Ccita
desetitisice bezobratlych zivocicht, z nichz vybrané skupiny byly uréovany do druht. Jedna
se predevsim o stfevlikovité brouky (Carabidae) a pavouky (Araneae), ktefi slouzi jako
vyborni bioindikatofi zmén v krajin€. Byly zjiStény signifikantni rozdily v pocetnosti
jedinci na studovanych liniich svahu, pozorovana polohova distribuce jednotlivych
spoleCenstev broukt a pavoukl vlivem odtoku vody, ¢i zmén v zdsobenosti pidy zivinami
souvisejicich s transportem pady. To indikuje znaény vliv vodni eroze na pidni faunu.
Dalsim cilem této prace bylo testovani rizného typu odchytu bezobratlych Zivocicht a

posouzeni vlivu zemédélského managementu na spolecenstva ptidnich bezobratlych.

Klic¢ova slova: pida, degradace, eroze, Carabidae, Araneae
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Abstract

Soil degradation leads to reduced soil productivity and it has adverse effects on the
environment. Water erosion is the major factor affecting soil degradation in Europe and in
the Czech Republic. Currently, the issue of erosion is partly addressed by the standards of
the Good Agriculture and Environmental Condition (DZES), specifically DZES 4
(Minimum Soil Coverage) and DZES 5 (Minimum Soil Management Level for Erosion).
However, these measures are not sufficient to protect soil threatened by erosion. Therefore,
we are witnessing various negative changes in the landscape and the environment. From the
soil science point of view, scientific literature provides important information about
changes in the physical, chemical and several biological (especially microbiological)
properties of soil during erosion and their negative impact on crop production. However

sufficient information about their effect on epigeic invertebrates is lacking.

This work addresses the use of, in particular, the epigeic communities of invertebrates as
indicators of changes in the landscape. It is a multi-annual study that provides an insight
into the landscape changes that have occurred over the recent years. The collected material
comprises tens of thousands of invertebrates, of which selected groups were determined to
species level. These are mainly Carabidae and Araneae, which are excellent bioindicators
of landscape changes. Significant variation in the abundance of individuals along the
studied slope lines were found, which may indicate the effects of selective transport of
beetle and spider communities during water runoff events, or the effects of nutrient
variation related to downslope soil transport. This indicates that soil erosion has
considerable impact on the composition of invertebrate assemblages. Another aim of this
work was to test different methods of invertebrate trapping and to asses the impact of

agricultural management on soil invertebrate communities.
Kewords: soil, degradation, erosion, Carabidae, Araneae
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Seznam publikaci

Moje disertacni prace je zaloZena na tfech odbornych publikacich, které dale v textu
uvadim jako pfilohy. Prvni priace se zabyva srovnanim dvou typi zemédé€lského
hospodateni v souvislosti jejich vlivu na spoleéenstva ptadnich bezobratlych. Dalsi prace
se zabyva odchytem bezobratlych zivodichti do navnadovych pasti a posouzeni jejich
ucinnosti. Tieti prace, na které jsem se podilel v ramci svého doktorského studia, se
zabyva posouzenim vlivu vodni eroze na spoleCenstva epigeickych zivocichli na

¢ernozemnich lokalitach jizni Moravy, kde byla péstovana kukufice.
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1.UvVOD

Piida tvori nejsvrchnéjsi ¢ast zemského povrchu a plsobi na ni fada vnéjSich
faktorti v¢etné eroznich procesi. Vzhledem k tomu, Zze pida byva oznaCovana jako
neobnovitelny zdroj (Hosnedl, 2007), jsou procesy degradace pudy globalnim
problémem. Celosvétové je vodou transportovano zhruba 2,8 t pudy/ha/rok (Borrelli et
al., 2017), v Ceské Republice spoéital primérnou ztratu vodni erozi Panagos et al.
(2015) na 2,52 t/ha/rok. Ceska Republika neni tedy vyjimkou, vodni eroze ohroZuje
zhruba polovinu plochy zemédélské pudy (Sanka et al., 2004; Kolektiv, 2018). Ztrata
pidy ma podstatny dopad na biodiverzitu populaci ptdni fauny (Pimentel, 2006).
Jelikoz je pida pfirodni zdroj, ktery je nenahraditelny, je potieba hospodafit na ni

takovym zpiisobem, aby jeji kvalita byla zachovana 1 pro dalsi generace.

Procesy vodni eroze na zemédé€lskych plochach souvisi piedevsim s intenzifikaci
zemé&délstvi. Vyznamné se zintenzivnila od padesatych let 20. stoleti, kdy vedle vlastni
intenzifikace dochazelo ke scelovani pozemka do vétSich celkt a likvidaci tradi¢nich
krajinnych prvka. V Ceské Republice se setkdvame s nejvétsimi ptdnimi bloky
v Evropé (Hrbek, 2014). Na vznik vodni eroze ma nejvétsi vliv sklon a délka svahu,
nesmime ale opomijet i dals$i faktory, které maji velky vliv na vznik tohoto
degradacniho procesu. Jednim z té€chto faktori je péstovani erozn€ nebezpecnych plodin
na pozemcich, které jsou k vodni erozi nachylné (Pasdk, 1984). Nejenom, Ze tyto
plodiny nedokazi svym porostem mechanicky branit vodni erozi, ale v neposledni fadé
byvaji na poli jen omezeny pocet mésict v roce. Ve chvilich, kdy na polich nenajdeme
Zadny rostlinny porost, je tato ptida v nejvétSim ohroZeni. Je proto dulezité zatazovat do
osevnich postupti meziplodiny, protierozni pasy a jina agrotechnicka ¢&i technicka

opatteni (Bohac et al., 2006).

Vlivem nevhodného hospodatfeni dochazi k mnoha negativnim vliviim, jako je
utuzeni pudy, ztrata organické hmoty a v neposledni fad¢ k erozi pidy rizné intenzity.
Eroze piidy ochuzuje svrchni ¢ast piidniho profilu o jeji nejirodnéjsi ¢ast. Dale zhorSuje
fyzikaln¢é-chemické vlastnosti piid a mechanicky poskozuje rostliny. V neposledni fadé
transportuje hnojiva a pripravky na ochranu rostlin, coz vede ke znecisténi nejen

okolnich pozemkd, ale 1 vodnich zdrojt.
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Jak jiz bylo feCeno, je vSeobecné znamo, ze zeméde€lské hospodateni, at’ uz
Vv jakékoliv form¢ ovlivituje kvalitu pudy a tim i spoleCenstva zivocichu, které se v dané
lokalit¢ nachazi. V soucasnosti je velmi dulezit¢é sladéni produkénich a
mimoprodukénich funkei pti hospodafeni na zemédélské padé. V rdmci planovani
udrzitelnych systému hospodaieni jsou dulezité i informace o pidni bioté a procesech,

které ji ovliviuji.
2. LITERARNI PREHLED souvisejici s FeSenou problematikou

2.1 Rozdéleni zemédélstvi dle miry intenzifikace

Prvni ¢ast vyzkumu probihala v ekologickém a konvencnim zeméd¢lstvi, proto
V ndsledujicim textu uvadim charakteristiku jednotlivych zemédélskych systémil.
V soucasnosti existuje cela fada zemédé€lskych systémi, které vice ¢i méné ovliviiuji
kvalitu pudy a obsah organické hmoty na obhospodafovanych pozemcich. Jedna se o

ur¢itou miru intenzifikace, dle které mizeme délit zemedeélské systémy na nékolik typa.
Intenzivni (konvencni) zemédélstvi

Tento typ zemédélstvi byva Casto oznacovan jako konvenéni zemédé€lstvi. Klade
diraz na maximalizaci ziskd, které jsou zaloZené na vysokych vynosech (Petr, Dlouhy,
1992). Se zvySenim vynost souvisi také zvySovani vstupl, které zemédélec musi
vynalozit, aby téchto vynost dosahl. Dochazi zde ke zvySovanim davek primyslovych i
statkovych hnojiv. Déle k pouzivani piipravki na ochranu rostlin, v podobé fungicidd,
insekticidi, herbicidi ¢i pomocnych latek, jako jsou smacedla ¢i regulatory ristu
(Divi§, 2010). Intenzivni zemédélstvi v honbé za nejvysSimi vynosy vyuziva Sirokou
Skalu zemédélské mechanizace v podobé¢ stroju ¢i zavlazovacich systémi. V neposledni
fadé je pro tento typ zemédélstvi dulezité usporddani zemédélskych pozemkl do

rozsahlych celki.

Precizni zemédelstvi

Princip precizniho zemédélstvi je zaloZen na vyuZivani modernich technologii,

sbéru a vyhodnoceni dat o obhospodatované pudé (Kasperova, 2018). Informace, které
12



jsou ziskavany, jsou pfifazovany k danému mistu na zemedélské plose s piesné danou
geografickou polohou (Nozdrovicky, 2006). Na zakladé téchto informaci se provadi
jednotliva opatieni v ten nejvice vhodny ¢as, ve vhodné davce a pomahaji zemédélcim
snizovat néklady, zvySovat vynos a v neposledni fad¢ mirnit dopady na zivotni prostiedi

(Adrian et al., 2005).

Integrované zemedeélstvi

Systém integrovaného zeméd¢€lstvi se zacal formovat jiz od konce 70. let
minulého stoleti (Vrablikova, 2007). Jde o jisté propojeni ekologického a konvencniho
systému hospodateni s cilem optimalnich vynosi s vysokou kvalitou. Diraz je kladen
na co nejmensi zatizeni zivotniho prostfedi. Zemédélci v rezimu integrovaného
zemédé€lstvi se snazi vyuzivat pfirozené zdroje a pfirozené regulatni mechanizmy
ekosystéml. Timto zplsobem se snazi snizit ndklady na hnojiva, ¢i pfipravky na
ochranu rostlin. Know-how integrované produkce tedy spo¢iva piedevsim ve znalostech
technickych, biologickych, chemickych a ekologickych procest. Jsou zde zahrnuta i
preventivni opatieni, jako je stfidani plodin, vhodny vybér odrud, ¢i respektovani
krajinnych prvki (Tauferova, 2014). Pti hnojeni v tomto zeméd¢€lském rezimu je kladen
velky diraz na znalost zdsobenosti Zivin v piidé a na aplikaci pfevdzné statkovych
hnojiv. Pfipravky na ochranu rostlin jsou v tomto typu zeméd¢lstvi povolené, pokud jiz
neexistuje jiny zptisob jak zabranit Skodlivym Ccinitelim v §ifeni. Pfi opakovanych
aplikacich je kladen diraz na zachovani antirezistentni strategie. V neposledni fadé by

kazdy uzivatel pesticidli mél zjist'ovat u¢innost jednotlivych aplikaci.

Ekologickeé zemedelstvi

Tento zplsob zemédélského hospodateni si za hlavni cil nedava nejvyssi vynos,
ale predevsim produkci potravin udrZitelnym zptsobem (Sarapatka, Urban, 2006).
Klade velky diraz na udrzeni pidni urodnosti. Pouziva predevS§im statkova hnojiva,
nebo piipravky na ochranu rostlin, které jsou povoleny pouzivat v rezimu ekologického
zemé&délstvi. Jedna se o ptipravky na bazi rostlinného vyluhu. V neposledni fadé je tento
zpusob hospodateni zaméten na podporu biodiverzity krajiny (Dvorsky, Urban, 2014).
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2.2 Degradacni faktory puady

Vznik a vyvoj pudy je dlouhodoby proces, ktery trva vice nez tisice let. Na
druhou stranu znehodnoceni pidy lze provést za podstatné krat$i dobu (Santrtickova,
2018). Pida je neobnovitelnym a nenahraditelnym ptirodnim zdrojem (Holy, 1994).
Casto byva oznaGovana jako nejcenn&jsi vlastnictvi kazdého statu. Diky zvySovani
poétu obyvatel byvaji zvySovany i naroky na padu. Clovék za¢al zasahovat do
prirozenych ekosystémil a ty si zacal pozméenovat k co nejvétSimu vyuzivani krajiny ve
sviij prospéch (Sarapatka, 2014). Vlivem stale vétsich narokd na vynosy péstovanych
plodin, dochazi ke stale vétsi intenzifikaci zeméd€lské vyroby a tim padem i
K pozménovani piirozenych procesit v krajiné¢ (Hylmarova, 2010). Vlivem téchto
procestt dochazi ktzv. degradaci pidy, kterd ztraci své fyzikdlni, chemické, Cci

biologické vlastnosti.

24

V nésledujicim textu uvddim nejzavaznéjsi degradani procesy naSich
zemédélskych pld, pfiCemz nejvetsi pozornost vénuji erozi pidy, které jsme se vénovali

pti nasem vyzkumu (Pfiloha IIL.).

Eroze piidy

Eroze pudy je degradaéni proces, pii kterém dochdzi ke ztratdm jeji produkéni
schopnosti. Jedna se o piirozeny proces, ktery po vzniku zeméd€lstvi znaéné nabyl na
intenzité (Ulcak, 2014). Naptiklad vodni erozi je v soucasnosti negativné ovlivnéno vice
nez 40% zemédélskych pid v CR (Vopravil et al., 2010). V rAmci zemé&dglské praxe se
mizeme setkat s celou fadou typu eroze. Od eroze vodni, ¢i vétrné. Mezi méné znamé
typy erozi mizeme tadit erozi zpuisobenou orbou, erozi sné¢hovou, ¢i skliziiovou. U
posledni jmenované eroze dochazi ke ztratdm pldy se sklizenou plodinou. Napiiklad u
cukrové fepy miiZze tato eroze zpusobovat srovnatelné ztraty pidy jako vodni eroze
(Novotny a kol., 2014). V ramci naseho vyzkumu jsme se zaméfili pfedev§im na erozi

vodni.

Pti vodni erozi dochdzi k rozrusovani ptidniho povrchu, transportu a sedimentaci
uvolnénych castic pusobenim vody (Pokladnikova et al., 2010). Dochazi ke zmensovani
mocnosti ptdniho profilu a zemédé€lci ptichazeji o svoji nejirodnéjsi ¢ast pidy, tedy
ornici (Vopravil, 2013). Vlivem vodni eroze dochazi nejen ke snizovani vynosu
zemédelskych plodin, ale i ke Skodam v intravilanu obci pii ptivalovych destich. Jemné
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pudni ¢astice zandSeji kanalizace a puisobi Skody na infrastruktute obci (Holy, 1994).
V neposledni fadé dochazi 1 ke snizovani primérné ceny pudy (Némec et al., 2011).
Vodni erozi mizeme dale rozdélit na erozi plosnou, ryhovou, vymolovou a proudovou,

pfiCemz tyto typy eroze jsou od sebe velmi tézko odd¢litelné (Janecek et al., 2005).

Pribéh eroze je Casto zavisly na intenzité¢ atmosférickych srazek. Pti prvni fazi
plosné eroze dochazi k dopadu vodnich kapek na nekryty povrch pudy. Tuto fazi
popisuje Raga et al. (2017) jako ,,splash erosion®. Pfi narazu se ¢ast vody muze odrazit
az do vysky 1,5 metru (Ryzak et al., 2015) a muze ,,odletét” od ptivodniho mista dopadu
az do vzdalenosti péti metrii (Erpul et al., 2009). Nasledné se transportované castice
pudy usazuji a vypliluji mezery mezi ptidnimi agregaty. Pti tomto procesu ¢asto dochazi
Kk vytvofeni velmi obtizné prostupné vrstvy na povrchu pudy. Plosny odtok byva casto
soustiedén do ryh a tim vznikd ryzkova a ryhova eroze (Janecek et al., 2005). Ryzky
maji hloubku od nékolika centimetrti a pii postupném prohlubovani piechazeji v erozni
ryhy. V nejvice erozné ohrozenych lokalitach mize dochazet k tvorbé tzv. eroznich strzi
¢i hluboké vymoly, u kterych jejich hloubka ptesahuje hranici jednoho metru (Bacova,
2018).

Na nachylnost pidy k vodni erozi pisobi cela fada faktor, od sklonitosti
pozemku, vegetatnim pokryvu, délce svahu a podobné. Dilezité jsou i kombinace
téchto jednotlivych faktorti se stfidanim obdobi sucha a Castych destt. V poslednich
letech je snaha zaclenit do modelt i biologicky faktor (Orgiazzi, Panagos, 2018). Vodni
erozi lze vyjadtit i pomoci matematického modelu. Vysledna hodnota nam udava, kolik
pudy bylo erozni ¢innosti piemisténo z ptivodniho horizontu. Pro tyto ucely se nejcasté&ji
pouziva rovnice pro dlouhodobé ztraty plidy vodni erozi USLE, kterou vytvofili

Wischmeier a Smith (1978) a jeji dalsi modifikace.
Wischmeier-Smithova rovnice: G = RXKXLXSXCXP, kde
G — primérna dlouhodoba ztraty ptidy (t/ha/rok),
R — faktor erozni u¢innosti dest'a (N/ha),
K — faktor erodovatelnosti pudy, kterou vyjadiujeme v zavislosti na textuie a

struktufe ornice, propustnosti plidniho profilu a obsahu organické hmoty (t/N),
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L — faktor délky svahu,

S — faktor sklonu svahu,

C — faktor ochranného vlivu vegeta¢niho pokryvu,
P — faktor ucinnosti protieroznich opatfeni.

Tato rovnice byla odvozena se viemi jejimi parametry v USA, pro Ceskou
Republiku ji standardizoval Janecek (2012) ve své publikaci Ochrana zeméd¢€lské pudy
pied erozi. Jedna se tedy o empirickou metodu méteni eroze pomoci velkého mnozstvi
naméfenych dat. V praxi byvaji pouzivany i metody, které nejsou zaméfeny jen na
statistickych c¢islech, ale ptfimo na fyzikalnich vztazich a procesech. Jedna se naptiklad o
modely HydroCAD, KINFIL, WEPP a dalsi. Casto se miizeme setkat i se simulaénimi
modely vodni eroze (Pandey, 2016).

Zemédelskou pldu, kterd je ohroZena erozi je potfeba chranit protieroznimi
opatfenimi. Tato opatfeni jsou trojiho typu — organiza¢ni, agrotechnicka a biotechnicka
(Sarapatka, 2010). Zékladnim poZzadavkem protieroznich opatfeni je jejich
komplexnost. Soubor téchto opatieni musi byt v souladu se zemédélskou vyrobou,
primyslem, vodnim hospodafstvim a podobné, aby bylo dosazeno co nejvétsiho efektu

(Holy, 1978).

Tabulka 1: Protierozni opatieni

o i .. Technicka a biotechnicka
Organizacni opatfeni Agrotechnické opatfeni

opatfeni
imélni tvar a velik . . o,
OIpUTEN L YL EV U 186 Obd¢lavani po vrstevnici Prtlehy, ptikopy
pozemku
Pasové péstovani plodin Bezorebné seti Zatraviiovani tdolnic
Yhodne 'umlsten} Seti do mulcované pidy  Ochranné hrazky a nadrze
péstovanych plodin

Dodrzovani vhodného
osevniho sledu
Ochranné zatravnéni, ¢i
zalesnéni

Seti do ochranné plodiny  Terénni urovnavky, terasy

Hrazkovani, dulkovani Protierozni meze

Asanace eroznich strzi a

Podryvani, pleckovani , o
P vymoli
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Lze ptedpokladat, ze vlivem klimatickych zmén bude velmi Casto dochézet
k extrémnim vykyvim pocasi, tedy i ke zménam v rozlozeni srazkovych thrnt. Pro
miru vodni eroze je dulezita nejen Cetnost srazek, ale i jejich intenzita, kterad
v poslednich letech nabyva na sile. VysuSena puda neni schopna béhem kratké chvile
pojmout tak velké mnozstvi vody a ta poté opousti zeméd¢€lské pozemky a zanechava na
nich Skody. Pro odolnost pudy proti vodni erozi je dilezita predev§im struktura pidy,

jeji zrnitost a obsah humusovych latek (Janeéek et al., 2008).

Do roku 2019 Ministerstvo zemédélstvi ¢aste¢né fesilo problematiku vodni
eroze Standardy dobrého zemédélského a environmentalniho stavu. Konkrétné
standardy DZES 4 (Minimdlni pokryv pidy) a DZES 5 (Minimdlni uroven
obhospodarovani pidy k omezovani eroze). Od 1. 1. 2019 vstoupilo v platnost nové
nafizeni vlady ¢. 48/2017 Sb., novela 126/2018. Zeméd¢lci se v ramci LPISu (Land
parcel identificated system) mohou podivat, které pidni bloky spadaji do kategorii
erozni ohrozenosti. V podkladova vrstvé ,Eroze* se nachazeji zalozky s daty do
31.12.2018 a od 1.1.2019. Na zékladé téchto map je zemédélec obeznamen s mirou
eroze na svych pozemcich. Pidni bloky jsou rozdé¢leny do tiech zdkladnich kategorii na

zaklad¢€ vypocitaného erozniho smyvu.

e Pudy erozné neohrozené (NEO)
e Pudy mirn¢€ erozné¢ ohrozené (MEO)

e Pudy silné erozné ohrozené (SEO)

Na zékladé tohoto zarazeni pudnich blokti, musi zeméd€lec ucinit takova
opatieni, kterd jsou v souladu s novelou zakona. Omezeni se tykaji predev§im vyskytu

souvislych ploch erozné ohroZenych plodin a novych piidoochrannych technologii.

Utuzeni pudy

Utuzeni, nebo také zhutnéni pidy je stale vice diskutovanym tématem.
Z fyzikélniho hlediska dochazi vlivem tlaku ke stlaceni jednotlivych ¢éstic piidy k sobé¢.
Na pedokompakci ma vliv celd fada faktor. Mezi tyto faktory miizeme zaradit zrnitost
pudy, pidni vlhkost, mnozstvi a kvalitu organickych latek, pidni strukturu a obsah

uhli¢itant a v neposledni fad¢ nevhodné osevni postupy. Vaznym problémem je pojezd
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tézké mechanizace, pii némz dochazi k utuzeni vrstvy pudy (DeJong-Hughes et al.,
2001). Utuzena vrstva je jen té€Zce prostupna a zamezuje tak pud¢ plnit jeji funkce
Sarapatka (2014) uvadi, e tlak vy3$i nez 80kPa je pro pidni prostfedi skodlivy, zato
tlak do 150 kPa jiz poskozuje i podorni¢i. Nadmérné utuzeni pidy negativné ptisobi na
pudni prostiedi, zvySuje energetickou narocnost pii1 zpracovani pudy, zamezuje spravné
¢erpani Zivin rostlinami a v neposledni fadé snizuje schopnost pidy infiltrovat vodu do
pudy (Badalikova et al., 2012). V rdmci pole dochazi k nejvétsimu utuzeni pidy na jeho
okraji, kde dochazi k otaceni techniky. V téchto mistech musime dbat na prokypteni
pudy do vétsi hloubky (Javirek, Vach, 2008).

Dle vyhledove zpravy vydané Ministerstvem zemédélstvi (Novak et al., 1999),
bylo utuZenim zasazeno v rizném stupni témét 45% pid zemédélského plidniho fondu.
Témet u tfetiny se jednalo o utuzeni genetické, které je zpilsobeno pfirozenymi
vlastnosti tézkych pud (Javurek, Vach, 2008), vétsi Cast se tykala sekundarniho utuzeni

ovlivnéného zemédélskym managementem.

Acidifikace a kontaminace pid

Acidifikace

Okyselovani pad je proces, ktery ovlivituje rist a vyvoj vSech organismu, Které
se v pudé nachazeji (Brady, Weil, 2016). Pii acidifikaci pudy dochazi k okyselovani
pudniho prostfedi vlivem poklesu neutralizacni kapacity pldy, poklesu obsahu
uhli¢itand, vyménnych bazickych kationti a snadno zvétratelnych primarnich
kfemicitanti (Sarapatka, 2014). Pfi¢innou acidifikace pad byva zvySeni piisunu
vodikovych iontd (Tuf, 2013). Acidifikace pidy mize byt vyvoldna bud’ pfirozenymi
procesy, napiiklad ilimerizaci, nebo mize byt vyvoldna vlivem clovéka. Zde fadime
napiiklad kyselou atmosférickou depozici, nebo vlivem pouzivani fyziologicky

kyselych hnojiv do pidy (Sarapatka, 2013).
Kontaminace piid

Dal§im zévaznym rizikem pro zachovani funkci pldy, které uzce souvisi
s acidifikaci, je padni kontaminace. Jedna se o zavazny problém poslednich desetileti a

muze byt zplisobena celou fadou organickych i anorganickych latek, které nejsou
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soucasti pudy. Zdrojem téchto cizorodych latek muze byt zase pfirozeny proces, ale i
antropogenni ¢innost (Tlusto§ et al., 2006). Pfirozena kontaminace souvisi s obsahy
latek v ptdotvorném substratu. Pfi hodnoceni miry zne€iSténi pudniho prostiedi
pracujeme s maximalnimi piipustnymi koncentracemi rizikovych prvki. Tyto konkrétni
Cisla jsou vétSinou odvozeny pomoci extrapolacnich metod a vychazeji
z ekotoxikologickych informaci (Sarapatka, 2014). Nebezpeénost kontaminace je dana
také tim, Ze nckteré polutanty zlstadvaji v piad¢ dlouhodobé a negativné plsobi na
zivotni prostfedi i stovky let. V mnoha ptipadech se tyto latky neprojevuji okamzitg,
protoze mohou byt zabudovany do ptdnich struktur. Kontaminanty mohou negativné
pusobit jak na jednotlivé funkce ekosystému, tak na zdravi rostlin 1 ZivocCichl
(Smejkalova a kol., 2003). Se zne¢isténim rizikovymi prvky na uzemi Ceské Republiky
se setkavame spise lokalné na mistech s primyslovou, ¢i banskou ¢innosti. Vyznamnym
zdrojem znecisténi mize byt ale i péstovani rostlin s nadmérnym pouzivanim ptedevsim
fosfore¢nych hnojiv s uréitym obsahem kadmia (Sarapatka, 2014). Dalsim podstatnym
zdrojem znegisténi mohou byt napiiklad ¢istirenské kaly (Simek, 2004). Mezi
nejrizikovéj$i kontaminanty pidy patii tézké kovy (Kobza, 2005). Jiz od roku 1992
Ustiedni kontrolni a zkusebni ustav zemédélsky provadi monitoring téchto rizikovych
prvkl a je studovan piestup téchto prvkd do zemédé€lskych plodin. V ramci tohoto
monitorovani byla vytvofena sitt 189 zemédélskych ploch a 27 ploch

v kontaminovanych Gzemich (Polakov4 et al., 2017).

Organicka hmota v piide

Mnozstvi organické hmoty v ptidé ma velmi zasadni roli. VétSinou se jeji
zastoupeni pohybuje mezi 2-3 procenty (Fecenko, Lozek, 2000) a ve srovnani
s mineralni slozkou je toto mnozstvi malé, ma vSak velky vyznam. Mezi tyto latky
fadime veskerou organickou hmotu v pidé, kterd se nachazi v rizném stupni rozkladu.
Celosvétove existuje cela fada definic pro pidni organickou hmotu, jmenujme tfeba
definici Baldocka a Nelsona (2000), ktera tik4, ze ptdni organicka hmota je ,,suma
vSech pfirodnich latek biologického piivodu, které se nachazeji v piid€, nebo na pidnim
povrchu, jakéhokoliv pivodu, Zivych nebo odumielych organismi v jakékoliv fazi

rozkladu, s vyjimkou nadzemnich ¢asti zivych rostlin®.
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Primarnim zdrojem organickeé hmoty v pudé je fotosyntézou akumulovany uhlik
(Sarapatka, 2014). Pada v sob& uchovava piiblizné tiikrat tolik uhliku, neZ najdeme
Vv atmosféfe, nebo v zivych rostlinach (Schmidt et al., 2011). Dilezita je i forma uhliku,
ve které se v pudé nachazi, zname uhlik volny, stabilni a aktivni. Rozdéluje se tak na

zéklad¢ jeho rozlozitelnosti a dostupnosti pro rostliny.

Primarni organicka hmota

Primarni organickou hmotu v pidé najdeme nerozloZenou, nebo v rizném stupni
rozkladu. Vice, ¢i méné€ podléha procesu mineralizace a ovliviiuje tak dilezité pochody
Vv pudé. Zdroji primarni organické hmoty je celd ftada, od rostlin, odumielé
mikroorganismy, makroedafon, posklizinové zbytky, ¢i statkova hnojiva, ktera jsou do
pudy dodavana zeméd¢lci (Mikula, 1998). Dulezitym faktorem u téchto latek je jejich
stabilita, tedy schopnost mineralizace. Pudni frakce, ktera je snadno mineralizovana, je

V dnes$ni dob¢ ¢astym ukazatelem ptidni kvality (Haynes, 2005).

Humus

Dalsi sloZzkou organické hmoty v pid€ je humus. SloZeni humusu tvoii tfi
zakladni slozky: huminové kyseliny, fulvokyseliny a huminy. Humus jde déle rozdélit
na zéklad€¢ své rozloZitelnosti, tedy schopnosti branit se mikrobidlnimu rozkladu.
Délime ho tedy na humus zivny (fulvokyseliny a latky nehuminové povahy) a humus
staly tvofeny huminovymi latkami (Sarapatka, 2014). Humus tvoii koloidni frakci ptidni
organické hmoty, stejné tak jako jil tvofi koloidni frakci plidni mineralni hmoty. V padé
potom humus i jil predstavuji uréité spojovaci miistky mezi vét§imi piidnimi ¢asticemi.
Podil humusu a jilu v pidé ma tedy dulezitou roli pifi utvafeni ptdni struktury (Brady,
Weil, 2016).

20



2.3 Zemédélstvi a biodiverzita, funkce bezobratlych zivocichi

VvV agrocenozach

Biodiverzita zahrnuje rozmanitost zivota na vSech urovnich. Kdyz mluvime o
biodiverzité v zeméd¢lstvi, myslime tim rozmanitost na zeméd¢lskych pozemcich, at’ uz
rozmanitost druhovou, genetickou, ¢i diverzitu biotopii a ekosystémi. Zachovani
vysoké urovné biodiverzity je dulezité z hlediska zachovani ptirodnich procest, které
jsou pro &lovéka velice dilezité (Sarapatka et al., 2010). Cim vétsi rozmanitost daného
prostiedi budeme udrzovat, tim mlzeme pifedpokladdat zvySeni ekologické stability
(Altieri, 1999). Kdyz mluvime o diverzit¢ vrdmci zemédélstvi, myslime tim
agrodiverzitu. Hlavnim rysem této rozmanitosti je to, ze je z velké casti neustile

udrzovana ¢lovékem (Sarapatka, Hejeman, 2004).

Edafon jako celek ma celou fadu velmi vyznamnych funkei v pidé (Tao et al.,
2016). Do pudni fauny spadaji vSechny volné Zijici organismy, kterou jsou aspon po
urcitou Cast svého zivota vazani na pudu (Tuf, 2012). Do skupiny edafickych organizmu
fadime padni bakterie, aktinomycety, houby, jednobunééné organizmy az po vétsi
ekosystémové inzenyry, jako jsou zizaly, ¢i mravenci (Lavelle et al., 2006). VSechny
tyto organismy tvoii tzv. Zivou slozku pady (Tajovsky, 2008). Zivo¢ichy Zijici v padé
jde tidit do skupin podle réiznych biologickych a ekologickych aspektt (Sarapatka et
al., 2010). Mezi nejpouzivangjsi klasifikacni déleni je podle velikosti Zivo¢ichi a mista
vyskytu (Tuf, 2013). Padni organismy jsou nepostradatelné pii rozkladu mrtvé
organické hmoty, pfi biologicke fixaci dusiku, pii kolob&hu latek apod. (Jones, 2009).

V nasi praci jsme se zaméfili pfedevs§im na epigeické bezobratlé Zivocichy, tedy
na spolecenstva travici pfevaznou ¢ast svého Zivota na povrchu plidy. Typickym rysem
obdélavané plochy zemédélci, je pravidelné zpracovani pudy a tim navraceni systému
na niz$i stupenn Ssukcese. V ramci zemédélskych zasahti byva nejvice ovlivnéno
svrchnich 15-25 cm pudy (Altieri, 1999). Tyto zasahy maji vyznamny vliv na

spolecenstva ptidnich Zivocicht.

2.2.1 Brouci (Coleoptera)
Je odhadovano, Ze uzemi Ceské Republiky obyva témét 41000 druhti Zivogicht,

z tohoto mnozstvi 99% ptipada na bezobratlé (Stluka, 2013). Brouci tvofi nejpocetné;si
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ey

a nejvyznamnéj$i skupinu ptidnich bezobratlych Zijicich v agroekosystémech (Bohac,
1999). Pasobi na né cela fada faktort a jsou také ovlivnéni okolni Krajinou (Dauber et
al., 2010).

Stireviikoviti

vewr

stievlikovité (Carabidae). Celosvétové je znamo vice nez 35000 druhd téchto
jedine¢nych Zivoc&ichti (Hiirka, 1996), z toho 518 druhti se vyskytuje na tzemi Ceské
republiky, véetné vyhynulych druht (Farkag et al., 2005).

Stievlikoviti jedinci velmi citlivé reaguji na kvalitativni zmény v prostiedi
(Kromp, 1999). Byvaji hojné vyuzivani pii studiu ekosystémi jako modelova skupina
pravé diky své pocetnosti, tak i pro svou Sirokou ekologickou valenci (Kotze et al.,

oy e

minulého stoleti (Farkac et al., 2006).

Stievlikoviti patii do podifadu masozravi (Adephaga), do fadu brouci
(Coleoptera). Jejich velikost se pohybuje od 2 milimetrd do zhruba 10 centimetri,
ovSem stiedoevropské druhy se pohybuji v rozmezi 1,6 az 4 centimetry (Hurka, 2005).
Zbarveni téchto jedincil je znacné variabilni, nejcastéji mivaji tmavé barvy, ale mizeme
se setkat i s kovovymi odstiny mosazi, ¢i médi. Vyjimkou neni i zcela zluté zbarveni.
Hlava stfevliki je kratka, protahla a sméfuje dopiedu (Zahradnik, 2008). Vétsina
zastupcu této Celedi jsou no¢ni dravi brouci s Ustnim uUstrojim kousaciho typu, které
slouzi k uchycovani kofisti i zpracovani potravy (Hirka, 1996). Kusadla mivaji sttevlici
Casto mohutna, na vnitini strané hladka, nebo zubata (Zpé&vak, Kunst, 1978). Stavba téla
stievlikovitych je priméarné uzplisobena jejich stylu Zivota. VétSina druhti této celedi se
zivi dravé, jako predatofi bezobratlych, mizeme se ale setkat i s nekrofdgné zivicim se
stievlikem (Lovei, Sunderland, 1996). Jen mala cast stievliki pak dava piednost
rostlinné potravé (napt. zastupci rodu Amara, Zabrus, Ophonus). Stievlici byvaji ¢asto
v zemédelskych systémech vnimani pozitivng, jako pfirozend ochrana proti Zivoc€iSnym
sktidctiim (Holland a Luff, 2000). Urcitou ochranu nalezneme i u stfevlika Zivicich se

rostlinnou potravou, predevSim plevelnatymi druhy (Hon¢k, JaroSik, 2000). Povrch téla
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je pomérn¢ siln¢ sklerotizovan a tim chrani jedince pfed mechanickym posSkozenim.
Jejich béhavé nohy jim zabezpecuji rychly pohyb a zivot dravce. Jen mélokdy se
setkdvame slétavymi druhy stievlikt, mnozi znich maji totiz zkracena kiidla
(brachypterni). U nékterych druhi nejsou kiidla vyvinuta viibec — druhy apterni (Gabris,
2012). Neschopnost letu miize do velké miry zapfic¢inovat jejich velkou druhovou
rozmanitost. Dle Trautnera a Geigenmullera (1987), jsou jednotlivé populace
stievlikovitych tak dlouho izolovany, Ze se po dostate¢né¢ dlouhé dobé mohou
v nékterych znacich lisit. Dle denni aktivity této skupinu zivocichii 1ze usoudit, Ze se
jedna predev§im o no¢ni dravce. Setkame se ale i s druhy, které jsou aktivni po cely
den, nebo napiiklad piimo vyzaduji sluneéni oslunéni — zastupci rodu Cicindela
(Gabris, 2012).

Tato skupina zivoCichll je velmi rozmanita, co se tyCe ndrokll na Zzivotni
prostiedi. Nalezneme mezi nimi druhy stenotopni, tedy druhy obyvajici malou plochu,
vétSinou specidlnich stanovist. Tyto ekosystémy byvaji vétSinou pfirozené, nebo jen
Vv malé mife ovlivnéné ¢lovékem. Déle se mizeme setkat s druhy adaptabilnimi, které
maji vysokou schopnost se prizpsobit danému prostiedi. V neposledni fadé se
setkdvame s druhy eurytopnimi, bez zvlaStnich narokti na prostfedi. Tyto typy
stievlikovitych mohou obyvat i ¢asto nestabilni typy ekosystémt, ¢asto do zna¢né miry
ovlivitované lidskou ¢innosti (Hirka, 1996). Nékteré druhy (reliktni, adaptabilni) maji
schopnost citlivé reagovat na zmény vlivem antropogennich ¢innosti (Kromp, 1999).
Stievliky tedy nalezneme na nejriznéjSich typech stanovist’, od moiského pobiezi, az po
vysoké hory, od suchych stanovist, az po ty dlouhodobé zamoktena. VétSina druhi je
epigeicka, tedy zije na povrchu pudy, nejcastéji v hrabance, ¢i pod kameny. Nékteré
druhy mizeme nalézt i na stromech, pod kirou, ¢i v trouchnivéjicim dievé (Hirka et al.,

1996).

2.2.1.1 Charakteristika vybranych jedinci 7 Celedi stievlikoviti
Pseudoophonus rufipes — kvapnik plstnaty (De Geer, 1774)

Kvapnik plstnaty je na uzemi Ceské republiky hojné vyskytujicim se druhem.

Ma Cerné zbarveni se Zlutavé ochlupenymi krovkami (Zahradnik, 2008). Jeho velikost

se pohybuje od 1,2 do 1,6 centimetrii. Mlizeme se s nim setkat v celé fadé biotopt, od
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poli, luk, ale 1 na ruderélnich stanovistich, ¢i na okrajich lest (Hurka, 2005). Patii mezi

vSezravé druhy.

Pterostichus melanarius — stievli¢ek obecny (llliger, 1798)

Hojny obyvatel poli a luk (Allema et al., 2014), ale mizeme se s nim setkat i
Vv jeskynich, ¢i terénnich propadech (Mlejnek et al., 2015), ¢asto se vyskytuje i v lesnich
porostech. Velikost se pohybuje od 1,4 do 2 centimetrti. Na polich je ¢astym predatorem
zizal, ¢i larev dvoukiidlého hmyzu (Symondson et al., 2006).

Dolichus Halensis — stievlicek (Schaller, 1783)

Svou velikosti se fadi mezi vétsi jedince této celedi. Dortsta se délky od 1,2 do
1,9 centimetri. Jeho zbarveni je cerné S charakteristickou Cervenohnédou skvrnou

(Hirka, 2005). Mezi jeho teritoria patii pole, louky a nivy fek (Pavlik, 2006).

Poecilus cupreus — stfevli¢ek médény (Linné, 1758)

Tento druh stievlika se dorista délky az 1,4 centimetrd. Jedna se o druh s denni
aktivitou, se kterym se muiZzeme hojné¢ setkat od niZin az po hory. Je castym

navstévnikem poli, luk a ruderalnich stanovist’ (Hlrka, 2005).

Anchomenus dorsalis — stievli¢ek oslejchovy (Pontoppidan, 1763)

Jedna se o druh, ktery stejné jako jini stfevlici, dokaZe pfi obrannych manévrech

vylucovat obranny sekret (Bonacci et al., 2011).

Brachinus crepitans — prskavec vétsi (Linné, 1758)

Velmi zajimavym druhem je prskavec vétsi, ktery dosahuje velikosti v rozmezi

0,6 az 1,4 centimetru. Je typicky vylu¢ovanim ochranného sekretu, které je doprovazeno
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zvukovym efektem (Sefrova, 2006). V piirodé se s nim setkdme na polich, &i stepnich

stanovistich (Pulpan, Stanovsky, 2006).

2.2.2 Pavouci (Araneae)

Pavouci tvoii vyznamnou skupinu bezobratlych predatorti, které miizeme nalézt
ve velmi rozmanitych biotopech. Topping a Sunderland (1994) odhaduji populaéni
hustotu pavoukli na evropskych obilnych polich na 2-600/m2. U evropskych
jednoletych plodin je tato hodnota 92 jedincti pavoukt na m? (Nyffeler, Sunderland,
2003). Jejich vazba k ur¢itému stanovisti byva také hojn€ vyuzivana pro biologické
studie. Celosvétove bylo popsano vice nez 40 000 druht pavouki (Platnick, 2014). Na
tizemi Ceské republiky je znamo 866 druhi pavoukii (Rizi¢ka, Buchar, 2008). Vétsina
téchto druhil je epigeickych. V agrocendzach zastavaji tlohu vyznamnych regulatort
Skidet, kteti jako celek mohou sniZit Skodu na Grod¢ (Symondson et al., 2002). VétSina
pavoukl, véetné téch, se kterymi jsme se setkali béhem naseho vyzkumu, neni potravné
specializovana, jsou tedy schopni lovit Sirokou $kalu kofisti (Reza¢ et al., 2010). Jejich
pocetnost na daném misté neni zavisla na popula¢ni dynamice Skiidce. Setrvavaji na
misté 1 za jeho nepfitomnosti a pii jeho pfipadném premnozeni jsou pfipraveni zakrocit.
Pt jarnich vyskytech Skiidch je tento ,,vyrovnavaci efekt mezi zemédélci ocenovan

(Clarke, Grant, 1968).

2.2.2.1 Charakteristika vybranych druhii pavoukii (Araneae)
Pardosa agrestis — slid’ak rolni (Westring, 1861)

Siroce rozsifeny palearkticky druh (Nentwig et al, 2016). Jeho velikost se
pohybuje od 4,5mm — 9mm. Samice byvaji vétsiho vzrastu. Cenény predator sktdca
v zemé&dé€lskych plodinach. Jeho vyskyt je od niZzin do stfednich poloh na polich a

dalSich antropicky pozménénych biotopech (Buchar, Ruzicka, 2002).
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Oedothorax apicatus — pavucinka rolni (Blackwall,1850)

Hojny druh otevienych oslunénych biotopt. Casto v lokalitich v podate¢nim
stadiu sukcese, i na antropickych, ¢i disturbovanych stanovistich - stavi drobné sité v

depresich pudy (Lemke, Poehling, 2002).

Robertus arundineti — snovacka polni (O. Pickard-Cambridge, 1871)

Samice dosahuji 2,25 aZ 2,5 mm, samci 2,0 az 2,25 mm (Roberts, 1995). Zije v

blizkosti zemé ve vlhkych lesnich okrajich a v ra$elinistich. Hojny druh poli.

Trochosa ruricola — slid’ak drapkaty (De Geer, 1758)

Velmi hojny palearkticky druh, ktery vyhledava spise vihké podminky (Platen,
Broen 2005). Najdeme ho v teplych lokalitach, ¢asto pod kameny (Roberts, 1996).

Xysticus kochi — béznik kochiv (Thorell, 1872)

Xysticus kochi je typickym obyvatelem sussich otevienych stanovist, jako jsou
pole, pastviny, louky a stepi (Kurka et al., 2015).
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3. HYPOTEZY CIiL PRACE

Hypotézy:

Organicky systém obhospodafovani snizuje negativni vliv zemédélské Cinnosti

na diverzitu bezobratlych na produkénich plochéch.

Navnadové pasti jsou podobn¢ uc¢inng, jako odbér ptdnich vzorkl pfi odchytu

pudnich druhtt mnohonozek a stonozek.

Vodni eroze mé vliv na druhové slozeni a abundanci ptdnich bezobratlych

V podobé jejich pasivniho transportu.
Cile préce:

Prvnim cilem této prace bylo posoudit, do jaké miry jsou spoleGenstva pudnich
bezobratlych ovlivilovdna managementovymi opatfenimi ve dvou odliSnych
zemédélskych systémech, a to v konvenénim a ekologickém zemédélstvi. Nasim cilem
je zjistit, jestli ma zpisob obhospodafovani signifikantni vliv na druhové slozeni a
pocetnost na vybrana spoleCenstva makroedafonu. V dalsi ¢asti své prace jsem se
zam¢fil na posouzeni u€innosti ndvnadovych pasti, které jsou pouzivany pii odchytu
pidnich bezobratlych zivocichd. Velmi dulezitou ¢ast dizerta¢ni prace tvori posouzeni
vlivu erozni ¢innosti na spolecenstva epigeickych stfevlikii a pavouki na zemédé&lskych

plochéch s vyraznymi eroznimi procesy, které byly oseté kukufici.
Dil¢i cile:

e Posouzeni vlivu ekologického a konven¢niho zemédélského hospodatfeni na
spoleCenstva bezobratlych (Ptiloha I.)

e Porovnani efektivnosti riznych typa pasti (navnadové pasti, padaci pasti, ptidni
vzorky) na odchyt bezobratlych Zivocichti a nalézt optimalni délku expozice
navnadovych pasti (Pfiloha II.)

e Ohodnoceni vlivu vodni eroze a pozice ve svahu na spolecenstva epigeickych
zivoCichti na Cernozemnich lokalitach jizni Moravy za pomoci padacich pasti
(Ptiloha I11.)
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4. MATERIAL A METODIKA

4.1 Popis studovanych lokalit pro vyzkum vlivu systému hospoda¥reni

na epigeickou faunu

Studovana plocha pro vyzkum vlivu systému hospodafeni byla umisténa na
pozemcich  Vyzkumného  ustavu  Zivo¢isné  vyroby v Praze  Uhfinévsi,
obhospodatovanych Ceskou zemédélskou univerzitou v Praze. Studované plochy byly
obhospodaiované dvojim zemédé€lskym systémem, a to ekologickym 1 konvencnim.
Konven¢ni varianta zahrnovala chemicky vstup (Tab. 2). V obou plodinach byl
aplikovan snadno rozpustny dusik v mineralnim hnojivu ve 2-3 davkach v mnozstvi
120-160 kg ha-1 N. Jedna de o nejdéle provozovany srovnavaci pokus v CR, a to
v dobé feseni po dobu sedmnacti let. Pro ucely naseho vyzkumu byly vybrany plochy
S porostem psSenice ozimé a ozimé fepky. Celkové 4 studované plochy byly od sebe
vzdaleny minimaln¢ 20 metrd, aby nedoslo k ovlivnéni sousedniho pole. Co se tyce
padni a klimatické situace, tak se jednotlivé plochy od sebe nelisily v zadném parametru

a detaily jsou popsané v ¢lanku (Piiloha I.).

Tabulka 2: Mira mechanickych a chemickych vstupti a jejich &etnost b&hem

jednotlivych let, v ekologicky a konven¢né obhospodafovanych plodinach

Ekologické zeméd¢lstvi Konvenéni zemédélstvi

Studovany rok 1% 2nd 3rd 4t 15t 2nd 3rd 4t

Ozima fepka

Okopavani 2% 2% 2% - - - - -

Herbicidy - - - - 2x 3x 2x -
Insekticidy - - - - 2x 1x 1x

Vynos (thal) 2.83 3.39 3.01 - 5.49 5.03 5.54 -

Ozimaé pSenice

Vlaceni 3% 3x 3x 4% - - - -

Herbicidy - - - - 2% 1x 1x 2%

Insekticidy - - - - 2% 2% 2% 2%

Fungicidy - - - - 2% 2% 2% 2%

Vynos (tha')  5.46 7.40 6.70 6.20 7.30 8.26 8.23 6.96
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4.2 Popis studovanych lokalit pro vyuziti navnadovych pasti

Vyzkum byl proveden na tiech lokalitach v Ceské republice od kvétna do &ervna
roku 2013. Prvni lokalita bylo pole vojtésky situované na kraji mésta Olomouce.
Studované pole mélo cca 250 m? a bylo obklopeno jinymi poli s vegetaci obilovin a
zelezni¢ni trati. Druhou lokalitou byla louka o rozloze cca 500 m?. Nachazela se 6 km
severovychodné¢ od Mladé Boleslavi. Tato louka byla obklopena poli a zahradami se
smiSenou vegetaci. Tieti studované misto byl smiSeny les 6 km jihozapadné¢ od mésta
Kroméfiz. Tento les byl klasifikovan jako Fageto-Quercetum illimerosum trophicum,
kde dominantnimi stromy byly duby a habry. Povrch pudy byl u této lokality tvofen
ptevazné hrabankou a listy okolnich stromi v rizném stupni rozkladu. Popis lokalit a

vyzkumu je popsan v piiloze II.

4.3 Popis studovanych lokalit v eroznich oblastech Jizni Moravy
Vyzkum byl provadén na Eernozemnich pudach jizni Moravy v letech 2012-
2016. Behem téchto péti let bylo vybrano celkem 18 pokusnych lokalit na zaklad¢ jejich
svazitosti a plodiny, ktera se na daném misté péstovala. Pokusné lokality se nachazely
Vv katastralnich tizemich Horni Bojanovice, Krumvif, Ostrozskd Nova Ves, Ostrozska
Lhota, Syrovin, Vracov, Velké Bilovice, Cejkovice a Hovorany. Geologické podlozi
studovaného Uzemi je tvofeno kvartérnimi pokryvy piséito-hlinitych sedimenti a
sprasovych hlin. Co se ty¢e orni¢ni vrstvy, tak ta je hluboka az stfedné hluboka, mirné
humoézni. Mezi hlavnimi pidnimi jednotkami miZeme jmenovat ¢ernozem modalni
(HPJ 01), ¢i erozni formy Eernozemé modalni (HPJ 08). Vlivem negativnich vlivl
vodni eroze na tyto ¢ernozemni pidy se stale Cast&ji setkdvame i S erodovanymi

formami, a to s regozemémi (HPJ 22).

Pro G¢ely naseho vyzkumu jsme se zaméfili na Sirokofadkové plodiny, zejména
kukufici. Jednotlivé vyzkumné plochy byly vzdy rozdé€leny do tfi zakladnich linii
(erozni, akumulacni a kontrolni) a na kazdé¢ linii bylo umisténo 5 padacich pasti (Obr. 1)
Celkovy pocet studovanych ploch pak byl 54. Tyto pasti byly instalovany s 10ti
metrovymi rozestupy. Linie byly umistény na zéklad¢ svazitosti terénu. Prvni linie (K)
byla nazvéana jako kontrolni a nachazela se na vrcholu svahu, kde pfi srazkach zacinala

vodni eroze. Linii (E) oznaujeme jako erozni. Na této ¢asti svahu probihala vyrazna
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eroze a dochézelo zde k velkému piesunu pidniho matrialu. Da se fict, ze zde byla
nejmensi rostlinnd pokryvnost, tedy i1 zastinéni piidniho povrchu. Tteti linie (A), tedy
akumulac¢ni ¢ast svahu se nachazela na tpati. Byly zde nashromazdény materialy, které

byly mobilizovany béhem eroznich ¢innosti.

K (Kontrolni ¢ast)

E (Erozni éast)

A (Akumulagni ¢ast)

Obrézek 1: Jednotlivé linie svahu, na kterych byly instalovany padaci pasti na pudni
bezobratlé

4.4 Sbér pudnich bezobratlych

Padaci pasti

Design padaci pasti je navrzen tak, aby nedochazelo k jeho mechanickému
poskozeni. Past je tvofena zavafovaci sklenici, ve které se nachazi plastova nadoba
naplnénd 4% roztokem formaldehydu. Ob¢ tyto nddoby byvaji zakopany pod povrch
zem¢& a zarovnany svymi okraji s pidnim povrchem. Celd tato past byva kryta
plechovou stfiSkou. Tato stfiSka zabezpecuje nadoby proti Castému vysychani pfi
vysokych teplotach. Dale nedochézi k plnéni pasti destovymi srazkami a tak k fedéni
formaldehydové smési. V neposledni fadé je past chranéna proti zvéti. Sbér ptidnich
bezobratlych za pomoci navnadovych pasti je standartni metoda k ziskani informaci o

struktute spolecenstev a jejich pocetnosti (Ivask et al., 2019, Jung et al., 2019).

Odchyt epigeickych Zivoc¢ichti na lokalitdich jizni Moravy probihal pies
vegetacni sezonu od cervna do konce zafi vzdy v dvoutydennich intervalech. Béhem
jednotlivych odbérii Zivocisného materidlu byla doplnéna kapalina do padacich pasti
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(Ptiloha III.) Tento typ pasti byl pouzivan i pfi vyzkumu epigeonu ve vyzkumu vlivu

systému hospodareni i eroznich procest na biotu (Pfiloha I.)

Navnadoveé pasti

Tento typ odchytu plidnich bezobratlych nam zajistuje potiebné informace o
populacich ptidnich zivocicht, které ziji t€sn€ pod povrchem pudy. Plvodni tcel téchto
pasti byl pro odchyt bezobratlych zivocicht v jeskynich (Barber. 1931). Pro ucely
naSich pokust byla past tvofena z jemného pletiva (pramér ok 1 cm), ze kterého byla
vymodelovana kapsa naplnéna vlhkym senem. Tento typ pasti byva umistovan
pfiblizné 15cm pod zemsky povrch. Navnadové kapsy po vyjmuti z pady byvaji
vloZeny do Tullgrenovych extraktor. Tento typ sledovani byl uplatiovan ve vyzkumu

publikovaném v ptiloze II.

Tullgrenovy extraktor

Tato nadoba je slozena ze tii ¢asti (Obr. 2). Spodni ¢ast tvoifi miska s roztokem
formaldehydu o koncentraci 4%. Nad touto miskou je instalovana nadoba s pudnim
vzorkem, ¢i ndvnadovou pasti, kterd ma dno tvofené z pletiva. Toto pletivo umoziiuje
zivoc¢ichim propadnout do nadoby s formaldehydem. Tteti Cast je tvofena vrchnim
vikem s Zarovkou, ktera sviti po celou dobu uloZeni vzorku v Tullgrenové nadobé.
Vzorek je timto zpasoben zahtivan, ptdni bezobratli vylézaji z hliny, propadaji do
formaldehydu, odkud jsou roztfidovani do jednotlivych skupin. Do Tullgrenového

extraktoru lze vlozit jak plidni vzorky, tak ndvnadové pasti, které jsou popsany vyse.
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Light (100 W)

Ring stand

Obrézek 2: Design Tullgrenového kontejneru, ve kterém dochazi k zahtivani vzorka

4.5 Analyza dat
Vyskyt a aktivita padnich bezobratlych na ptdnich blocich obhospodaifovanych
riznym typem zemédé€lského hospodafeni byly porovndny pomoci testu 2,

porovnavajici rozdil mezi obéma poméry.

Pro vyzkum doby expozice jednotlivych typl pasti pro odchyt puadnich
bezobratlych byl pouzit generalizovany linearni smiSeny model (gImmPQL, part of R

package MASS), s negativni binomickou chybou distribuce (Bates et al., 2014).

Kvantitativni tidaje o aktivité a hustoté osidleni jednotlivych linii eroznich svahti
byly hodnoceny programem Canoco 5.0 pro Windows, ktery umoziuje analyzu
vicerozmémych dat (Leps, Smilauer, 2000). Pro vyhodnoceni jednotlivych parametrti
byla vybrana kanonicka koresponde¢ni analyza CCA (Corespondence canonical

analysis), kde jsou vysvétlujici proménné vyznaceny jako linie.
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5. VYSLEDKY A DISKUZE

5.1 Vysledky porovnani dvou zemédélskych systémii na spoleCenstva

pudni bezobratlych
Pfi hodnoceni ziskanych vysledkid jsme se zaméfili na vybrané skupiny ptdni
fauny v obou zeméd¢lskych systémech, tedy v ekologickém i konvenénim. Na grafech

¢. 3 a 4 jsou shrnuty udaje o pocetnosti a hustoté aktivity jednotlivych skupin.

Celkova hustota aktivity a pocetnost byla podstatné vy$§i na mistech
s konvenc¢nim obhospodatovanim u obou psenic (p < 0,001 a p <0,05). Na urovni druht
jsme se zaméfili na skupinu brouku a pavoukt, protoze se jedna o nejaktivnéjsi skupiny
pudni fauny v a obou typech plodin. Zatimco brouci jsou aktivnéj$i spisSe v konvencéni
variant¢, pavouci preferuji mista s organickym typem hospodaieni. Na druhou stranu je

ziejmé, ze plochy obhospodafované konvenénim typem zemédé€lstvi jsou vice

osidlované zivoc€ichy Zijicimi v pade.

wheat oilseed rape
300 .
organical
250 . ***lcom\/emtlonal
R
£
'6200
£
v 150 X
c
_g}
g 100 .
= |
Qa [ ¥
: !
50 T .
1 P T
0 r.T_ T; i -; T i "'ﬁ
Q = [1+] (1] ('IU 1] [0} Q e 1+ [0 ‘.‘U (3] [0}
$ 3 3 2 zo 8 3 3 8 3 2 3. 3 3
[ < = - e a a c < =2 b frurt a o
g E o 25 & o g E © 2% o o
< L 9 gs T =B < 2 9 gs E B
0 o 5 = o 2
o o § ¢ e 8 8 3 C &

Obrézek 3: Pocty jedincti v obou zemédélskych systémech v porostech ozimé pSenice a

fepky
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aktivity jednotlivych skupin zivo€ichi pudni fauny. Pocet

Pti hodnoceni vysledki jednotlivych druhii stievlikovitych broukti pomoci PCA

analyzy, vySlo najevo, Zze typ plodiny hraje daleko vétsi roli z hlediska druhového

zastoupeni, nez samotny zeméd¢lsky systém (Obr. 5).
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Obréazek 5.: Analyza zakladnich komponent (PCA) stfevlikovitych broukt chycenych

V jednotlivych plodinach a zemédélskych systémech. Zkratky: AmaOva: Amara ovata,
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AnchDor: Anchomenus dorsalis, AthHae: Athous haemorrhoidalis, BraCre: Brachinus
crepitans, CalAur: Calosoma auropunctatum, HarSpp: Harpalus spp., OntOva:
Onthophagus ovatus, PoeCup: Poecilus cupreus, PseRuf: Pseudofonus rufipes, PteMel:

Pterostichus melanarius.

Dominantni druh  Pterostichus melanarius (PteMel) preferuje bézné
obhospodatované plochy obou plodin (p < 0,001). Podobn¢ se chova i druh
Anchomenus dorsalis (AnchDor) a Poecilus cupreus (PoeCup) v porostech fepky olejky
(p < 0,001). Na druhou stranu druh Brachinus crepitans (BraCre) ptevlada na
ekologicky fizenych plochach fepky (p < 0,001). U porostii ozimé pSenice je patrné, zZe
Poecilus cupreus, spole¢né s Pseudoophnus rufipes (PseRuf) a Amara Ovata (AmaOva)
uptednostnuji pozemky fizené ekologickou formou zemédélstvi (p < 0,001, p<0,01 ap
< 0,05). Ostatni druhy nevykazuji zadny vyznamny rozdil v preferenci zemédélského

systému, ¢i plodiny.

Dalsi skupinou, kterd byla dale urovana do druhi byli pavouci. Na zaklade
provedené PCA analyzy je patrné, Ze na tuto skupinu zivo¢ichi mé vliv nejen plodina,

ale 1 zvoleny zemédélsky systém (Obr. 6).

Q wheath
A \
,\

Ox 4} Sim PacDeg ~ Organic

\ Phylmp ppal
Ilo([u/”l /grkl(a e

’

LPardgr

pﬂf / 2\;(’ Sp. lnl)cn

A
TenTen’ ZonS, pi AysUlm DipPic e
conventional ParLug -/ roRurp, b ParPul
OzyTru I’V i RobAru
DipCon j ‘
MeiRur \
o
- !
I rape
-1.5 1.5

35



Obrazek 6: Analyza hlavnich komponent (PCA) druhd pavouku. Zkratky: AloPul:
Alopecosa pulverulenta, DipPic: Diplocephalus picinus, DipCon: Diplostyla concolor,
DraPus: Drassyllus pusillus, EriBla: Erigone atra, EriDen: Erigone dentipalpis,
MeiRur: Meioneta rurestris, MicFul: Micaria fulgens, OedApi: Oedothorax apicatus,
OzySim: Ozyptila simplex, OzyTru: Ozyptila trux, PacCle: Pachygnatha clercki,
PacDeg: Pachygnatha degeneri, ParAgr: Pardosa agrestis, ParLug: Pardosa lugubris,
ParPal: Pardosa palustris, ParPul: Pardosa pullata, ParSp.:Pardosa sp., Phylmp:
Phylloneta impressa, RobAru: Robertus arundineti, TenTen: Tenuiphantes tenuis,
TroRur: Trochosa ruricola, TroSp.: Trochosa sp., XerMin: Xerolycosa miniata, XysCri:
Xysticus cristatus, XysKoc: Xysticus kochi, XysUIm: Xysticus ulmi, ZorSpi: Zora

spinimana.

Nejaktivnéjsim druhem ze skupiny pavoukt je Oedothorax apicatus, ktery je
nejpocetnéjsim druhem na lokalitach s ekologickym hospodafenim na fepce olejce (p <
0,001). Stejny trend v preferenci lokalit s ekologickym hospodafenim na obou
plodindich ma Pachygnatha degeeri a Pardosa agrestis (p < 0,001, P. degeeri na
lokalitach s fepkou p < 0,05). Stejnou preferenci vykazuje také druh Drassyllus pusillus
Vv porostech pSenice a Erigone atra v porostech fepky (obé p < 0,001). Dalsim druhem
s vyznamnou preferenci pro konvenéni fizené lokality je Pardosa pullata v porostech
fepky olejky (p < 0,05). Ostatni druhy nevykazuji zadny vyznamny rozdil v preferenci

jak plodiny, tak zemédélského systému.

Posoudit vliv ekologického a konvenéniho zemédélstvi na biologickou diverzitu
neni snadné, protoZze oba tyto systémy se v nékterych postupech shoduji (Thorbek,
Bilde, 2004). Populace stievlikii byly Vv pribéhu Cc¢tyfletého vyzkumu negativné
ovlivnény vlivem agrotechnickych zasahti na lokalitach s ekologickym typem
hospodareni. Mechanické naruSovani povrchu ptdy jsou v organickém typu zeméedélstvi
Cast¢jsi, diky absenci pudnich herbicidi. Tyto mechanické zasahy ovSem nemusi byt
vyznamnym problémem pro spolecenstva pavoukd, ktefi pies zimni obdobi stavi své

ukryty na okrajich poli, ¢i v travnatych porostech a remizcich.

Jednotlivé skupiny Zivocichd, v naSem pifipadé fauna Zijici v pudé€, reaguji
odlisné na dlouhodobé dopady ekologického zemédélstvi. Vynechani nékterych

konvenénich metod, jako jsou chemické vstupy, muze mit za nasledek vyssi kvalitu
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sklizenych produktd. Na druhou stranu je ale potieba tyto vynechané vstupy nahradit
mechanickymi zasahy, které mohou negativné pusobit na faunu zijici v pud¢. Pri
zvazovani jednotlivych intervenci je tfeba vzit v Gvahu cely ekologicky i biologicky

kontext (Ptiloha 1.).

5.2 Vysledky odchytu mnohonoZek a stonoZek za pomoci navnadovych
pasti

Béhem vyzkumu, bylo na studovanych plochach odchyceno celkem 541
mnohonozek a 435 stonozek, které byly dale ur€ovany do druh. Mnohonozky byly
rozdéleny do 17 druhti a stonozky do 13 druhi, jak je uvedeno v tabulce 3. Dle pocétu
odchycenych jedincti 1ze za nejbohatsi lokalitu oznacit les a za nejméné navstévovanou
plochu pole. Stejny trend jako pocetnost vykazoval i pocet druht, kdy v lese bylo

nalezeno 21 druhti a na poli 6 druht.

Metody odchytu na jednotlivych lokalitdich byly hodnoceny na zéklad¢ jejich
efektivnosti. Lze konstatovat, Ze nejmens$i mnozstvi odchycenych jedinci jsme
zaznamenali u ptdnich vzorki. Na druhou stranu padaci a ndvnadové pasti se ukazaly
byt v efektivné odchycenych jedinci velmi podobné. Pocty jednotlivych odchycenych

druhtt mizeme vidét v tabulce 3.

Studovana spolecenstva stonoZek a mnohonozek mliZeme spatfit jak na povrchu
pudy, tak v ptidnim profilu, do hloubky asi jednoho metru (Ilie, 2003). Proto je obtizné
vzorkovat celou komunitu. Jednim zcild nasi prace bylo srovnani pouzitelnosti
navnadovych pasti namisto padnich vzorkd. B&hem studovaného obdobi byly
zaznamenany tiéi druhy odchycené v pudnich vzorcich a chybéjicich v ndvnadovych
pastech. Jednalo se o druh mnohonozky Brachydesmus superus, a stonozky Geophilus
electricus a Geophilus truncorum. Mnohonozka B. superus je hojnym obyvatelem
padacich pasti v méstskych oblastech (Lee, 2006), proto je mozna jeho absence
Vv padacich pastech na louce, diky jejimu nizkému vyskytu. Oba druhy stonozek (G.
electricus, G. truncorum) jsou znamé jako dravci zizal (Sergeeva et al., 1985), proto je
mozné, ze pro né ndvnadova past se senem nebyla dostatecné atraktivni. Ostatni

stonozky (C. flavidus, S. nemorensis, S. acuminata, G. flavus) jsou bézné druhy Zzijici

pii povrchu pudy a jejich pfitomnost v navnadovych pastech neni prekvapujici. Rozdil
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mezi druhovym spektrem odchycenych do navnadovych pasti a padacich pasti tvoii

signifikantni rozdil, nicméné ndvnadové pasti mohou, dle naSich vysledkd, nahradit

pudni vzorky.
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Obrazek 7: Populaéni zmény stonozek a mnohonozek uvnitf navnadovych pasti,

instalovanych ve tfech biotopech po dobu 12 tydnt

Vyhodnoceni délky kolonizace pidnich navnadovych pasti vystlanych senem

ukézalo (Obr. 7), ze nejvhodnéjsi doba expozice této pasti v pudé€ je 7 tydnt na poli a 9-

10 tydnii na loukach a plochach s lesnimi porosty. DelSi expozice navnadovych pasti

vpudé vede ke sniZzeni pocetnosti druhli i abundanci stonozek i mnohonoZzek.

Generalizované linearni smiSené modely ukazuji, Ze zména v pocetnosti béhem doby

expozice byla vyznamné ovlivnéna druhou mocninou ¢asu (LRT = 6,43, p = 0,040, AIC

= 667,83). Analogicky model diverzity potvrzuje signifikantni zmény v pribéhu casu

0,042,

(LRT

(LRT

5,81,

p
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AIC
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Tabulka 3: Stonozky a mnohonozky ziskané z riiznych typa pasti ve tfech biotopech

Padaci pasti

Navnadové pasti

Pudni vzorky

Padaci pasti Navnadové Puidni vzorky
Pole | Louka Les Pole | Louka Les Pole | Louka Les celkem pasti celkem celkem
Glomeris connexa (C.L. Koch, 1847) — 9 1 — — 1 — — — 10 1 0
Blaniulus guttulatus (Fabricius, 1798) — 2 — — 31 1 — 2 — 2 32 2
Brachyiulus bagnalli (Curtis, 1845) 2 — — 5 — — — — — 2 5 0
Cylindroiulus boleti (C.L. Koch, 1847) — — 3 — — — — — — 3 0 0
Cylindroiulus caeruleocinctus (Wood, 1864) 1 — — — — — — — — 1 0 0
Enantiulus nanus (Latzel, 1884) — — 64 — — 32 — — 4 64 32 4
Julus scandinavius (Latzel, 1884) — — — — — 1 — — — 0 1 0
Leptoiulus proximus (Némec, 1896) — — 2 — — 1 — — — 2 1 0
Megaphyllum projectus (Verhoeff, 1894) — — 2 — — 2 — — — 2 2 0
Ommatoiulus sabulosus (Linnaeus, 1758) — — 10 — — 11 — — 4 10 11 4
Ophiulus pilosus (Newport, 1842) 27 — — 59 — — 2 — — 27 59 2
Unciger foetidus (C.L. Koch, 1838) — 9 36 — 30 26 — 3 2 45 56 5
Brachydesmus superus (Latzel, 1884) — — — — — — — 3 — 0 0 3
Polydesmus complanatus (Linnaeus, 1761) — 3 1 — 2 3 — — 1 4 5 1
Polydesmus denticulatus (C.L. Koch, 1847) — 8 — — 7 — — — — 8 7 0
Polydesmus incontans (Latzel, 1884) — 1 — — 39 — — 6 — 1 39 6
Strongylosoma stigmatosum (Eichwald, 1830) — — 47 — — 26 — — 9 47 26 9
Diplopoda 30 32 166 64 109 104 2 14 20 228 277 36
Clinopodes flavidus (C.L. Koch, 1847) — — 2 1 — 9 — — — 2 10 0
Geophilus electricus (Linnaeus, 1758) — — — — — — — 9 — 0 0 9
Geophilus flavus (DeGeer, 1778) — — 10 — 9 20 1 30 — 10 29 31
Geophilus truncorum (Bergsoe a Meinert, 1866) — — — — — — — 1 — 0 0 1
Schendyla nemorensis (C.L. Koch, 1836) — — 23 — 11 60 — 26 — 23 71 26
Strigamia transsilvanica (Verhoeff, 1928) — — 4 — — 2 — — — 4 2 0
Lithobius aerugineus (C.L. Koch, 1862) — — 41 — — 39 — — — 41 39 0
Lithobius austriacus (Verhoeff, 1937) — — — — — 2 — — — 0 2 0
Lithobius dentatus (C.L.Koch, 1844) — — 2 — — 1 — — — 2 1 0
Lithobius erythrocephalus (C.L. Koch, 1847) — — 1 — — — — — — 1 0 0
Lithobius forficatus (Linnaeus, 1758) — — — — — 1 — — 1 0 1 1
Lithobius microps (Meinert, 1868) — 4 — — 47 — — 31 — 4 47 31
Lithobius mutabilis (C.L. Koch, 1862) — — 3 — — 3 — — 1 3 3 1
Lithobius spp. — — 14 2 24 — — — — 14 26 0
Chilopoda 0 4 100 3 67 161 1 97 2 104 231 100
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5.3 Vysledky ovlivnéni spoleCenstev puidnich bezobratlych erozi na
lokalitach jizni Moravy

Na studovanych lokalitdch probihaly v ur¢ité mife erozni i akumulaéni procesy.
Podil mezi témito procesy byl na kazdé ¢asti svahu jiny. Mira ztraty, ¢i akumulace ptdy
je patrna z tabulky 4. Zaporna ¢isla nam znac¢i hodnoty erozniho smyvu, zatimco ta

kladnda, mista s usazovanim materidlu z vyssich pozic svahu.

Tabulka 4: Primérna mira erozné — akumulaénich procest v jednotlivych vyzkumnych

liniich za pét let (t.ha™ za rok)

Cast svahu Kontrolni ¢ast Erozni ¢ast Depozicni ¢ast

Primérna eroze, resp. akumulace -2,55 -3.53 +0.16

Primér minimalnich hodnot na

jednotlivych pozemcich — eroze -19.30 -35.42 -1540

Prumér maximalnich hodnot na

jednotlivych pozemcich — akumulace e TS T

Strevlici

Béhem let 2012-2016 bylo v zemnich pastech odchyceno celkové 69 708 jedinct
patticich do ¢eledi stievlikoviti. Co se ty¢e distribuce stievlika do tiech porovnavacich
linii, pak nejvétsi pocet jedincl byl za vSechny sledované roky odchycen v depoziéni
¢asti svahu, respektive akumulacni ¢asti svahu. V tabulce 5 mizeme vidét primérné

pocty stievlikl v jednotlivych letech pozorovani na vybranych svahovych liniich.
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Tabulka 5: Pramérné pocty odchycenych stievliki béhem pétiletého obdobi na

studovanych castech svahu

Kontrolni ¢asti

Erozni ¢éasti svahu

Depozicni ¢asti

svahu svahu
2012 1302,5 £ 621,5 1328 + 420 2738 £ 495
2013 850,75 + 934 1164,25 + 1407 1272,5 + 1405
2014 815,25 + 1858 523,25 + 260 634,5 + 261
2015 1532,75 + 761 1583 + 1220 2529,25 + 1548
2016 1495 + 630 1161,5 + 338 1180,75 + 370
2012-2016 1187,77 + 812 1132,44 + 982 1552,44 + 1283

Celkem bylo determinovano 14 druhd, kdy nejvice pocetnym ze studované

¢eledi Carabidae byl Pseudoophonus rufipes, ktery zaujimal 37% vsSech odchycenych

jedinct. Dal§im eudominantnim druhem byl Pterostichus melanarius se zastoupenim

31%. Dals$imi odchycenymi druhy byl Poecilus cupreus (6%), Dolichus halensis (6%),

Anchomenus dorsalis (2%) a Brachinus crepitans (1%). Ostatni odchycené druhy byly

zatazeny do skupiny subrecedentni, jednalo se o druhy Cylindera germanica, Calosoma

aurupunctatum, Carabus scheidleri, Broscus cephalotes, Carabus coriacerus, Carabus

ulrichii, Amara ovata a Harpalus spp. V tabulce 6 miZzeme vidét polohové rozmisténi

nejpocetnéjSich druhi stievlikll ve studovanych ¢astech svahu.
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Tabulka 6: Abundance nejpocetnéjSich druhd stievlikt (vice nez 1 % materialu) na

studovanych liniich svahu (hodnoty v zavorce znazorfiuji pocet lokalit, na kterych se

dany druh v pétiletém obdobi vyskytoval)

Kontrolni ¢ast

Erozni ¢ast

Depozi¢ni ¢ast

Pseudoophonus rufipes

601,16 + 431 (18)

533,7 + 439 (18)

541,66 + 583 (18)

Pterostichus melanarius

245,16 + 238 (18)

389,16 + 655 (18)

718,27 + 1026 (18)

Poecilus cupreus 105,94 + 144 (16) 69,66 + 72 (18) 140,13 + 136 (16)
Dolichus halensis 85,38 + 160 (16) 109,31 +£231 (13) | 121,86 +282 (14)
Anchomenus dorsalis 49,24 + 61 (17) 35,06 + 41 (18) 28,33 + 26 (18)
Brachinus crepitans 16,31 £24 (16) 8,19 £ 9 (16) 26,19 + 56 (16)

Nejpocetngjsim druhem z Celedi stievlikoviti (Carabidae) na vSech nami
studovanych lokalitdch byl Pseudoophonus rufipes. Tento druh je hojné vyuzivany pii
biokontrolnich studiich zabyvajicich se predaci semen kulturnich a plevelnych rostlin
(Mader et al., 2018). V nami studovanych lokalitach byla nejvétsi mira zapleveleni
sledovana pravé v depozi¢nich ¢astech svahu, kde se P. rufipes vyskytoval na vSech 18ti
zkoumanych lokalitach, zna¢né zastoupeni mél i v kontrolni ¢asti svahu, kde byly
obdobné pidni podminky jako v ¢asti depozicni 1 vétsi pokryvnosti porostu. Vlivem
rostlinného pokryvu na pocetnost pidnich predatort, véetné nami studovanych skupin
zivocicha (Carabidae, Araneae) se zabyval Sommaggio et al. (2018) a jeho vysledky
potvrzuji vys§i abundanci Zivo¢ichti v mistech s vét§i pokryvnosti rostlin. V ¢astech
svahu, kde mira eroze dosahuje nejvétsi intenzity, klesd nejen pokryvnost rostlin, ale 1
diverzita 1 pocetnost pudnich Zzivocichii (Atlavinyte, 1964). To potvrdily i1 naSe
vysledky, ptedevsim GAM model (Obr. 9) znazornujici, jak s rostouci mirou eroznich
procesu klesaji pocty vétsiny stievlikd. Vyjimkou jsou stievlici Pterostichus melanarius
a Poecilus cupreus, ktefi jsou dobrymi letci a zjevné rekolonizuji po transportu vodou
opétovné svah. Jednou z pfi€in poklesu abundance na liniich s nejvyssi erozi, by mohla

byt 1 nedostatecnd zasoba Zivin, které jsou splavovany pii eroznich procesech. Nahla
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ztrata zivin v ur€itém mist¢ vede az ke zméndm velikosti spoleCenstev, jak uvadi

Sierocinski et al. (2017).

Druhova distribuce v jednotlivych ¢astech svahu je patrna i z analyzy na obrazku
8. Je zde patrna preference akumulaéni ¢asti svahu u druhti P. melanarius a P. cupreus.
Tyto druhy jsou brachypterni, nejsou tedy schopny letu. Naopak druhy létavé, jako A.
dorsalis, ¢i B. crepitans byly nalezeny v kontrolnich c¢astech svahu, tedy v jeho

nejvyssim bode.
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Obrézek 8: CCA analyza nejpocetngjSich druht stfevliki nalezenych na tfech
zkoumanych liniich svahu (Up, Middle, Down) za pétileté obdobi. Zkratky: PseRuf (P.
rufipes), PteMel (P. melanarius), PoeCup (P. cupreus), DolHal (D. halensis), AncDor

(A. dorsalis), BraCre (B. crepitans)
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Akumulac¢ni ¢asti svahu dosahuji diky transportu materialu z vyssich ¢asti svahu

veétsi mnozstvi jedincii. Casto dochdzi k pasivnimu transportu zivoCicha, které

V depozi¢ni Casti svahu nalézaji své Utocisté. Na obrazku 9 je ziejma

korelace miry

vodni eroze s ohledem na pocetnost studovanych druht sttevliki. MuZzeme zde vidét

zvysujici se pocet jedinct druhu P. melanarius a P. cupreus s rostouci intenzitou erozni

¢innosti. Naopak u zbylych ¢tyé druhu (A. dorsalis, B. crepitans, D.

rufipes) je vidét trend opacny.
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Obrazek 9: GAM model (generalized additive model), ktery znazorfiuje abundanci

nejpocetnéjsich druhu stievlikt s ohledem na miru eroze. Zkratky: PseRuf (P. rufipes),

PteMel (P. melanarius), PoeCup (P. cupreus), DolHal (D. halensis), AncDor (A.

dorsalis), BraCre (B. crepitans)
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Pavouci

Béhem pétiletého obdobi se podaftilo odchytit celkem 7198 jedinct z 55 druhii
pavouki. Z tohoto poc¢tu bylo vybrano 6 druhi, které byly svou pocetnosti vyznamné
pro na§ vyzkum. Jednalo se o druhy Pardosa agrestis (47%), ktera svou pocetnosti
zaujimala téméf polovinu v§ech odchycenych pavouki. Dalsim druhem byl Oedothorax
apicatus (23%), Robertus arundineti (2%), Trochosa ruricola (2%), Xysticus kochi
(1%) a juvenilni jedinci rodu Pardosa (1%). Ostatni odchycené druhy byly zafazeny do

skupiny subrecedentni.

Tabulka 7: Primémé pocty odchycenych pavoukli béhem pétiletého obdobi na

studovanych ¢astech svahu

Kontrolni L oxa e Depozic¢ni ¢asti

v e Erozni ¢asti svahu

éasti svahu svahu
2012 130 + 46 146 + 26 258,5 + 78
2013 65,25 + 29 61,25 + 12 88,5+8
2014 66,75 + 40 50,75 + 24 106,25 + 49
2015 1035 +41 88,5 + 26 146,25 + 70
2016 281,25 + 187 221 +176 2555 + 202

2012-2016 128,72 + 126 109,88 + 107 161,27 + 128

V tabulce 8 mizeme vidét polohovou distribuci nejpocéetnéjsich druhi pavouku
ve studovanych liniich svahu. Eudominantnimi druhy pavoukd na studovanych
lokalitach byly Pardosa agrestis a Oedothorax apicatus. S obéma témito druhy se asto
setkavame i v jinych vyzkumech (Volkmar et al., 2009; Kunz et al. 2015). Druh
Pardosa agrestis je nejpocetnéjsi v kontrolni ¢asti svahu, zatimco nejvice jedinci
Oedothorax apicatus nalezneme v depozi¢ni Casti svahu. Podminky prostiedi na

kontrolni a depozi¢ni ¢asti svahu jsou si vice podobné a odliSuji se vice od erozni ¢asti.
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Vétsi abundance druhu Oedothorax apicatus by mohla souviset s blizkosti travnatych

porosti, ze kterych mél moznost tento druh migrovat. Jeho schopnosti pasivni migrace

do okoli pomoci vldken se zabyva prace Rezade a Rezatové (2019). Naopak vétsi podet

druhu Pardosa agrestis v kontrolni &asti svahu by mohl podpoiit vyzkum Oberga

(2009), ktery prokazuje vysSi kondici téchto jedincti v homogennim prostiedi

zpusobenou mensi konkurenci o potravni zdroje.

Tabulka 8: Abundance nejpocetnéjsich druhii pavouki na studovanych liniich svahu.

Pro statistické zhodnoceni byly vybrany druhy, kter¢é mély v druhovém slozeni

zastoupeni vice nez 1%. (Hodnoty v zavorce znazoriuji pocet lokalit, na kterych se

dany druh v pétiletém obdobi vyskytoval).

Control part

Erosional part

Depositional part

Pardosa agrestis

87,83 + 123,84 (18)

66,27 + 107,45 (18)

82,33 + 112,48 (18)

Oedothorax apicatus 30,83 + 27,15 (18) | 26,66 + 23,76 (18) | 58,94 + 56,39 (17)
Robertus arundineti 3,26 + 3,70 (15) 4,26 £5,74 (15) 2,75+ 2,79(12)
Trochosa ruricola 2+191(11) 1,3+1,25(10) 7 £5,38 (15)
Pardosa spp. 3,10 £ 2,57 (10) 2,66 + 3,23 (9) 3,82+4,84 (11)
Xysticus kochi 4 +6,02 (8) 6+11,28 (5) 4 + 5,55 (8)

Pro tcely posouzeni preference druhli mezi jednotlivymi svahovymi liniemi byla

také provedena kanonickd koresponden¢ni analyza (Obr. 10) VétSina studovanych

druhti preferuje depozi¢ni ¢ast svahu. Jedinym zastupcem pavouki, ktery ma opacny

trend v preferenci je Xysticus kochi.
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Obrézek 10: CCA analyza druhového zastoupeni pavouki na jednotlivych liniich svahu
za pétileté obdobi. Zkratky: OedApi (O. apicatus), ParAgr (P. agrestis), RobAru (R.

arundineti), TroRur (T. ruricola), ParSp. (Pardosa spp.), XysTho (X. kochi).
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6. ZAVER

Zeméd@lské plochy Ceské republiky jsou vyrazné ohrozené vodni erozi. K této
skutecnosti pfispiva cela tada faktorti, vCetné antropogennich. Tato prace se zabyva
pravé Cinnostmi Clovéka, které zasahuji do ekosystému poli a v ur€itém sméru je
pozménuji. Spole¢enstva ptidnich bezobratlych maji v agroekosystému nezastupitelnou
roli. Veskeré disturbance, se kterymi se miizeme na polich setkat, se kauzalné projevi na
pocetnosti, ¢i druhovém slozeni padni fauny. Nesmime opomenout, Ze na edafon puisobi
jeste cela tada jinych, nez antropogennich faktorti. Neopomenutelnymi ciniteli jsou
klimatické podminky, heterogenita prostfedi, pidni typ a fada dalSich. Veskeré¢ tyto

vlivy bychom méli hodnotit komplexné na zakladé matematickych analyz.

Prvni cast této prace je =zaméfena na posouzeni vlivu zemédé€lského
managementu na spolecenstva pidnich bezobratlych. Ekologické i konvenéni postupy
hospodateni se nelisi pouze mnozstvim pesticidnich postiikili, ale 1 agrotechnickymi a
dal§imi zésahy, které maji nezanedbatelny vliv na spolec¢enstva edafonu. Jak jiz bylo
feeno, je dulezité zvazovani jednotlivych agrotechnickych zasaht v zavislosti na
klimatickych podminkéach ro¢niku a ekologickych aspektech dané lokality. Spravné
zem&délského managementu. V neposledni fadé je dilezité podporovat udrZitelnost
naSeho hospodafstvi a volit natolik Setrné postupy, aby byla pida zachovana 1 pro dalsi

generace.

Druha ¢ast mé prace se vénuje riznym typim odchytu ptdnich bezobratlych,
pfedevSim stonozek a mnohonoZek. Instalace ndvnadovych pasti ndm dava moZnost
odchytit jedince, ktefi alespon ¢ast svého zivota travi pod povrchem pudy. Kombinace
pasti na epigeicka spolecenstva s pastmi zachycujici zivocichy pod pidnim povrchem
nam ptinese piehled o pidnich spolecenstvech v celém kontextu. Dulezitym aspektem
je také nacasovani instalace téchto pasti vzhledem k terminiim agrotechnickych zasahti
na danych lokalitdch. V neposledni fad¢, podzemni pasti mély v nasem vyzkumu

podobnou ucinnost, jako odebirani pidnich vzorki.

V posledni ¢asti své vyzkumné Cinnosti, ktera se vé€novala zhodnoceni vlivu

vodni eroze na pudni bezobratlé, jsme se opét zaméfili na studium epigeickych
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spoleCenstev. Piedev§im diky vyborné bioindikaéni schopnosti stfevlikti a pavoukt jsou
patrné rozdily mezi plochami, kde prevlada akumulace a plochami, které jsou ovlivnény
eroznim smyvem. Obecné mizeme konstatovat, ze vEét§i mnozstvi pudnich bezobratlych
jsme nalezli v depozi¢ni ¢asti, kde je splavovan pidni material z vysSich ¢asti svahu.
Diky tomu mohou byt vrchni linie o tyto jedince ochuzeny, coz mize spustit fadu
negativnich procesii. Erozni ¢innost zplisobuje omezeni, az uplnou ztratu produkcnich
schopnosti. Jedna se o pfirodni proces, ktery nelze uplné zastavit, ale lze ve vétsi mife
potlacit, zvlasté pak na plochach, které jsou fizené ¢lovékem. V poslednich letech, kdy
dochazi k ¢astym klimatickym extrémum, je potieba zaméfit své Gsili i na podporu boje
proti pudni erozi pfedev§im vhodnymi opatfenimi organizacniho charakteru az po

Opatieni technického razu.

Do budoucna by bylo vhodné zacilit vyzkum i na dal$i spolecenstva edafonu a

na dalsi typy poli.
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8.1 Priloha I.

The effect of farming system and management practices on

surface-dwelling soil macrofauna

Vojtéch CHMELIK, Botivoj SARAPATKA, Ondiej MACHAC, Jan MIKULA,
Vratislav LASKA, Ivan H. TUF

Department of Ecology and Environmental Sciences, Faculty of Science,
Palacky University

Slechtitela 12, 771 46 Olomouc, Czech Republic

E-mail: borivoj.sarapatka@upol.cz

Abstract

Whereas contemporary agriculture reduces invertebrate diversity, organic
farming is expected to minimize this negative influence. In our study we compared
communities of surface-dwelling soil macrofauna from fields farmed either
conventionally or organically over the last 15 years; sown in crop rotation with winter
wheat or winter oilseed rape. A statistically higher number of specimens were caught in
the conventional variant of both crops. Ground beetles (i.e. beetles of the family
Carabidae) and spiders were the most abundant groups. While spiders preferred
organically managed fields, carabids tended to prefer the conventional system, as
carabid communities were affected by springtime mechanical interventions (harrowing
and hoeing). These interventions were insignificant to spiders as they winter in field
margins, spread very well by air and are able to re-colonize agroecosystems quickly.
This reveals that organic farming does not necessarily support the development of

populations and communities of soil fauna.

Key words: Araneae, Carabidae, conventional farming, farming management,

organic farming, soil fauna.
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Introduction

With its influence on the environment, intensive agriculture is considered to be
one of the main drivers in the decline in species richness and community composition
(Tscharntke et al., 2012). Organic agriculture is a farming and food production system
which combines best environmental practices, a high level of biodiversity, the
preservation of natural resources, the application of high animal welfare standards and a
production method in line with the preference of certain consumers for products
produced using natural substances and processes (Council of the European Union, 2007;
Stockdale, Watson, 2009). This diversified farming system can also promote biocontrol
services, e.g. by polyphagous predators such as Carabidae (Arus et al., 2012).
Biodiversity and biocontrol services are affected also by landscape composition. The
direct relationship between organic farming and this composition, especially the
development of landscape elements, has not been proven unambiguously and organic
farm cultural landscapes do not appear automatically as a by-product of the organic
farming method (Levin, 2007). The results in Czech conditions, published by Dytrtova
et al. (2016), showed differing trends in the studied locations, which do not depend on
farm management alone, but also on other factors, especially natural conditions in
agricultural landscape.

Organic farming may offer benefits for a wide spectrum of taxa, but what
influences these benefits is not well understood (Feber et al., 2015; Soderman et al.,
2016). A simple comparison between organic and conventional farming does not reflect

the diversity of practices that may exist within each farming system (Vasseur et al.,

2013). Some conventional farmers may use techniques similar to organic farming even
if they are not certified, whereas some organic farmers may use organic inputs and
frequent, deep tillage, which are allowed by the specifications but are potentially lethal
to arthropods (Thorbek, Bilde, 2004). The effect of agricultural practices can differ
according to model group of affected organism. While the greatest effect of agricultural
style is on plants, a less consistent impact was noted for carabid beetles (Fuller et al.,
2005), or spiders (Schneider et al., 2014). Other factors, e.g., less heterogenous
landscape, can suppress the effect of agriculture style (Roschewitz et al., 2005;
Schneider et al., 2014).

Ground beetles and spiders could be good bioindicators of the condition of fields

(Cardoso et al., 2013) as they play an important role in agroecosystems (Bruno,
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Cardinale, 2008). Most species are predators (Kromp, 1999; Holland et al., 2005),
whereas some carabids are important seed predators, and can effectively reduce weed
density in fields. For example, ground beetles are usually more diverse and abundant
within organically farmed areas (Bengtsson et al., 2005). Spider abundance generally
increases with increasing habitat diversification within and around farm crops
(Sunderland, Samu, 2000), other comparisons find little or no difference in ground
beetle or spider species richness between organic and conventional fields (Fuller et al.,
2005; Ekroos et al., 2010; Rahmann, 2011; Birkhofer et al., 2014). Both groups seem to
be negatively affected, not only by pesticide use (Riechert, 1998), but also by deep
ploughing; on the other hand, reduced tillage systems (Kromp, 1999) as well as lower
tillage frequency (Puech et al., 2014) can support their populations.

Our study looks at long-term operation of the organic farming system and
compares this with practice and diversity in conventional farming. Using the example of
soil invertebrates, with emphasis on carabids and spiders, the study focuses on

identifying problematic management interventions which influence their diversity.

Materials and Methods

Study site. The research was carried out on experimental plots at the Czech
University of Life Sciences in Prague — Uh#inéves (50°2'13.002" N, 14°37'1.956" E),
Czech Republic. According to figures at the Czech Hydrometeorological Institute, the
climate of the territory is moderately continental with an average temperature of 9.2 °C and
precipitation of 515 mm with a maximum between late spring and summer, and a minimum in
winter. The soil type at the locality is Haplic Luvisols (IUSS, 2014). Monitoring of
agroecosystems in wheat was carried out over four years (2010-2014) and in oilseed
rape over three years (2010-2013). These plots underwent a long-term comparative trial
of organic and conventional farming which began 15 years prior to the start of our
monitoring. This means that, after such a long period, differences between the two
agricultural approaches may be evident.

Experimental design. Within the crop rotation system on a 2-hectare
experimental plot, we focused on the growth of winter rape (Brassica napus L.) and
winter wheat (Triticum aestivum L.). In the conventional farming system both these
crops were grown after a grain-leguminous mix, while in the organic farming system
the preceding crop was alfalfa. In individual years pitfall traps were set in each variant
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within the experimental plot for late spring and summer. Soil samples were taken from
each variant twice a year. Both traps and soil samples were situated in the inner parts of
experimental plots to avoid edge effect. The basic agro-technical methods in both crops
were identical — a ploughing system was used. The conventional variant involved
chemical input: in both crops easily soluble nitrogen in mineral fertilizer was applied in
2-3 batches, amounting to 120-160 kg ha® N. A summary of interventions in both

crops is shown in Table 1.

Table 1. Mechanical and agro-chemical interventions and their frequency in individual

years, in organically and conventionally cultivated crops

Organic treatment Conventional treatment
Study year 1% 2nd 3¢ 4 1%t 2nd 3 4
Winter oilseed rape
Hoeing 2% 2% 2% - - - - -
Herbicides - - - - 2x 3x 2x -
Insecticides - - - - 2% 1x 1x
Yield (thal)  2.83 3.39 3.01 - 5.49 5.03 5.54 -
Winter wheat
Harrowing 3x 3x 3x 4x - - - -
Herbicides - - - - 2X 1x 1x 2x
Insecticides - - - - 2x 2% 2% 2%
Fungicides - - - - 2% 2% 2% 2%

Yield (tha')  5.46 7.40 6.70 6.20 7.30 8.26 8.23 6.96

Winter oilseed rape: herbicides with a.i. metazachlor 400 g L%, clopyralid 267 g L and
picloram 67 g L; insecticides with a.i. chlorpyrifos 500 g L™ and cypermethrin 50 g L*; winter
wheat: herbicides with a.i.s fluroxypyr 333 g L™ and clopyralid 300 g L; insecticides with a.i.
chlorpyrifos 500 g L?, cypermethrin 50 g L, thiacloprid 100 g L and deltamethrin 10 g L;
fungicides with a.i. tebuconazole 250 g L and metconazole 60

gL*

Fauna sampling and processing. Soil invertebrates were sampled each year in
spring—summer by two methods: pitfall trapping of ground-dwelling invertebrates and

heat-extraction of soil-dwelling invertebrates from soil samples. 1) Five pitfall traps
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(plastic cups 7cm in diameter with metal covers, filled with a 4% water formaldehyde
solution) were set in each field from April-May of each year and were emptied twice a
month until July. The catches for each year in each of the fields were analysed. Such
data is known as activity-density, as the number of animals entering traps is dependent
on both activity and density. 2) Five soil samples (area of each 1/30 m?, 15 cm depth)
were taken twice a year (May, July) in each variant of field and crop using a metal soil
sampler. Soil invertebrates were heat-extracted from samples in simple thermoextractors
during the subsequent 14 days and abundance of soil dwelling animals of individual
groups was calculated (Tuf, Tvardik, 2005).

Statistical analysis. The abundance and activity-density of soil invertebrates
from plots of the same crop, but differing in management, were compared using the 2
test comparing the difference between the two ratios. Quantitative data of activity-
density patterns of individual species from pitfall traps was evaluated by programme
Canoco for Windows, version 4.5 (Ter Braak, Smilauer, 1998). The effect of different
forms of management on distribution of ground beetles and spiders was evaluated by
unimodal principal component analysis (PCA), and the best model was selected using
Monte-Carlo permutation tests. The form of management (organic vs conventional) and
type of growth (wheat vs oilseed rape) were used as environmental variables, whereas
the year of sampling was used as a covariable. Species of ground beetles and spiders of
which overall catch exceeded 10 individuals were used as species variables.

Results

When evaluating the results obtained, we focused on the selected groups of soil
fauna in conventional and organic farming systems. Numbers of individuals in both
systems and both crops (winter wheat and winter rape) are summarized in Figures 1 and
2. Total abundance as well as total activity-density is significantly higher on sites with
conventional management in both wheat (p < 0.001 and p < 0.05, respectively) and rape
crops (both p <0.001). Beetles and spiders are among the most active-dense animals in
both types of crop, we therefore studied these model groups at species level. Although
beetles are more active-dense in conventionally managed crops (similar to ants in wheat
crops), the spiders prefer sites with organic management in both crops, similar to

harvestmen in rape crops (Fig. 1). On the other hand, conventional sites of both wheat
67



and rape are preferred by soil-dwelling animals, where abundance in soil samples is
significantly higher for larvae of beetles, as well as for springtails (in wheat only) or

mites and millipedes (in rape only) (Fig. 2).
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Figure 1. Comparison of mean year density-activity of soil surface active animals on
wheat and oilseed rape sites managed both organically and conventionally. Significant

differences between plots with different management are highlighted by asterisks: * for p <
0.05, ** for p < 0.01 and *** for p < 0.001. Note. The number of trapped beetles (Coleoptera)

was reduced ten times for lucidity and is highlighted by hatching.
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Figure 2. Comparison of mean year abundance of heat extracted soil-dwelling animals

on wheat and oilseed rape sites managed both organically and conventionally.
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Significant differences between abundance on plots with different management are highlighted
by asterisks: * for p < 0.05, ** for p <0.01 and *** for p <0.001.

Carabid beetles in different crops and farming systems. When interpreting the
results (via PCA analysis) of beetle species trapped in individual crops and farming
systems, it is apparent that the type of crop is more significant (in terms of species
difference) than the farming system used (Fig. 3). Irrespective of crop preference, the
most dominant species Pterostichus melanarius is more active on conventionally
managed plots (both crops: p < 0.001). The same significant pattern is visible on rape
sites for Anchomenus dorsalis and Poecilus cupreus (both: p < 0.001), whereas
Brachinus crepitans predominates on organically managed rape plots (p < 0.001). On
the other hand, on wheat plots, P. cupreus, along with Pseudoophonus rufipes and
Amara ovata, prefer plots under organic management (p <0.001, p <0.01 and p <0.05,
respectively). Other species show no significant difference in activity pattern between

plots under different management.
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Figure 3. Principal component analysis (PCA) of beetles trapped in individual crops

and farming systems. Environmental variables with significant contribution to model

are highlighted in larger typeface; the first axis describes 55.9%, while the whole model
69



describes 65.7% of variability in species distribution. Abbreviations: AmaOva: Amara
ovata, AnchDor: Anchomenus dorsalis, AthHae: Athous haemorrhoidalis, BraCre:
Brachinus crepitans, CalAur: Calosoma auropunctatum, HarSpp: Harpalus spp.,
OntOva: Onthophagus ovatus, PoeCup: Poecilus cupreus, PseRuf: Pseudofonus rufipes,

PteMel: Pterostichus melanarius.

Spiders in different crops and farming systems. In contrast to carabids, PCA
analysis of spider species found in different crops and farming systems shows not only

the influence of crop type, but also of the farming system used (Fig. 4).
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Figure 4. Principal component analysis (PCA) of spider species found in different crop
and farming systems. All environmental variables have significant contribution to
model; the first axis describes 42.3%, while the whole model describes 57.7% of
variability in species distribution. Abbreviations: AloPul: Alopecosa pulverulenta,
DipPic: Diplocephalus picinus, DipCon: Diplostyla concolor, DraPus: Drassyllus
pusillus, EriBla: Erigone atra, EriDen: Erigone dentipalpis, MeiRur: Meioneta
rurestris, MicFul: Micaria fulgens, OedApi: Oedothorax apicatus, OzySim: Ozyptila
simplex, OzyTru: Ozyptila trux, PacCle: Pachygnatha clercki, PacDeg: Pachygnatha
degeneri, ParAgr: Pardosa agrestis, ParLug: Pardosa lugubris, ParPal: Pardosa
palustris, ParPul: Pardosa pullata, ParSp.:Pardosa sp., Phylmp: Phylloneta impressa,
RobAru: Robertus arundineti, TenTen: Tenuiphantes tenuis, TroRur: Trochosa

ruricola, TroSp.: Trochosa sp., XerMin: Xerolycosa miniata, XysCri: Xysticus cristatus,
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XysKoc: Xysticus kochi, XysUIm: Xysticus ulmi, ZorSpi: Zora spinimana

Irrespective of crop preference, the most active-dense species Oedothorax
apicatus is, in terms of rape crops, more numerous on sites under organic management
(p < 0.001). The same significant pattern is visible on sites of both crops for
Pachygnatha degeeri and Pardosa agrestis (p < 0.001, P. degeeri on rape plots p <
0.05). This preference is significant also for Drassyllus pusillus on wheat sites and
Erigone atra on rape sites (both p < 0.001), whereas E. atra predominates on
conventionally managed wheat plots (p < 0.001). Another species with a slight
significant preference for conventionally managed plots is Pardosa pullata on plots of
rape (p < 0.05). Other species show no significant difference in activity pattern between
plots under different management.

Discussion

Over a four-year period, the effect of organic and conventional agriculture on
soil invertebrates was studied in winter wheat and winter oilseed rape fields. Plots under
organic agriculture did not support greater abundance of soil invertebrates at all.
Conventionally managed plots were more favourable for ground beetles (cf. Rana et al.,
2010), whereas organically managed plots supported abundance of spiders.

It can be quite difficult to actually determine the influence of different farming
systems, as the abundance of arthropods varied considerably within each farming
system, sometimes more than between organic and conventional farming. Many factors
such as soil characteristics, plant diversity within fields, soil tillage, and non-crop
habitat in the surrounding environment affect ground beetles, and this could explain the
variable results (Holland, Luff, 2000). Change may even occur in the course of time,
due to changes in farming systems (Rusch et al., 2013). Results given by Puech et al.
(2014) suggest that farmers can implement strategies that enhance populations of
natural enemies within crops, regardless of whether the farms have received organic
certification. These authors also show that there is enough flexibility in the strategies of
both farming systems to enhance natural enemy populations. They found that the
different responses, which we also found for ladybirds, carabid beetles and parasitoids,
emphasized the need to account for a large spectrum of groups of species when studying

the effects of farming practices on communities of natural enemies of crop pests and
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biological control. In research by Diekoétter et al. (2010) ground beetle activity as well
as diversity was neither affected by management type nor landscape context. Spider
activity, but not diversity, tended to be affected by landscape context, showing higher
activity in conventional context than organic context. Predaceous carabid species may
benefit from increased availability of potential herbivore prey in highly productive
conventionally managed wheat fields and may later shift to organic fields, as they offer
ample seeds and prey due to their diversity of arable weeds (Rivers et al., 2018).

It is not easy to judge the effect of organic and conventional agriculture on
biodiversity, even due to the fact that conventional systems often involve elements of
organic farming and vice versa (Thorbek, Bilde, 2004). There are often considerable
differences between organic and conventional agriculture in particular conditions, which
does not only mean the use of pesticides but also the way the soil is worked. In some
cases these interventions can be quite a harmful factor in terms of biodiversity of soil
fauna (Silva et al., 2018). This author states that physical disturbance (e.g. ploughing) is
a key factor affecting biotic activity and species diversity in agro-ecosystems. The
bigger ground beetle, predator of crop pests P. melanarius, can be significantly more
numerous in minimum tillage than frequent tillage conditions. Small carabids (as A.
dorsalis) can, according to references, be even more abundant in frequent tillage
conditions (Kennedy et al., 2013), as these fields are characterised by less competition
from larger species. The systems examined in our study also differed in mechanical
intervention, where organically farmed land was worked intensively (Table 1), i.e.
hoeing and harrowing to eliminate weeds. For each crop, spraying with pesticides, often
in early spring when most species are wintering in the soil, seemed to have relatively
less impact (e.g. on dominant P. melanarius populations) than tillage. Similarly Legrand
et al. (2011) reported that under both organic and conventional management, intensive
deep tillage during the reproduction period resulted in rapid population extinction of P.
melanarius despite the presence of grass margins. Our results correspond with this
conclusion that the spread of P. melanarius larvae due to farming practices was the key
to species presence in crop fields. Compared with harrowing, hoeing is a more intensive
and deeper intervention to the soil environment. This finding can be taken as a general
recommendation for the timing of mechanical interventions, either as early as possible

(while respecting other circumstances), or later, when carabids are in the imago stage (if
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this will not destroy the crop). Organic management could be less effective as it requires
repeated soil tillage to compensate for the lack of herbicide use.

In research by Doring and Kromp (2003) Amara species were more active in
organic crops, we confirmed this result in wheat plots only. As A. ovata feeds on plant
seeds, the high activity of this species in oilseed rape could indicate a preference for
crops other than cereals (Eyre et al., 2013) due to highly selective herbicides in wheat
fields. The activity of Brachinus crepitans followed the activity of Amara, as its larvae
parasitize on Amara pupae.

In the case of spiders, a reduction in mechanical disturbance increased diversity
(Thorbek, Bilde, 2004), whereas direct destruction of spiders (mainly larger species) or
their prey, or negative effects on habitat heterogeneity, were the most likely reasons for
reduced abundance. In our study abundance of P. agrestis was higher on organically
farmed fields, despite mechanical disturbance. Mechanical management was carried out
in autumn and spring, during this period this species is juvenile (smaller body size) and
mechanical disturbance has a lesser impact on it.

More spider specimens were found on organically farmed plots, which
confirmed several studies, e.g., Batary et al. (2012) and Feber et al. (2015). Organically
farmed crops are usually less dense and occasionally disturbed by mechanical
intervention against weeds. Locations which are light and disturbed suit light-dependent
spider species, proven by the higher abundance of the dominant species, O. apicatus
and P. agrestis, in organic oilseed rape. These spiders are effective in controlling
growth pests. The lower density in oilseed rape is testified by a much lower yield than
the conventional variant (Table 1). High species richness of weeds in fields can increase
spider diversity, because more host plants increase the amount of prey for spiders
(Batary et al., 2012). The conventional system is typical in its use of pesticides, which
have an indirect impact to spiders — decrease abundance and quality of prey. In wheat,
the Pardosa agrestis species was more abundant in the organic system, which enables
easier movement for active hunting wolf spiders (both Pardosa and Trochosa species).
On the other hand, increased abundance of small spider species (particularly
Linyphiidae) in a conventional agriculture system should be due to better and faster
colonisation by ballooning (Feber et al., 2015). These small spiders were less affected
by the use of pesticides than by mechanical treatment in organic farming. In the case of

millipedes higher abundance in conventional oilseed rape can correspond with higher
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humidity and amount of organic litter. Millipedes are hygrophilous and detritovorous,
the presence of dead organic matter is an important factor affecting the number of
millipedes (Berg, Hemerik, 2004).

Conclusions

1. Carabid populations were affected negatively by mechanical interventions on
plots of organic wheat, as documented from the 1% year of evaluation, when, due to a
warm winter, farmers carried out these interventions sooner with no effect on carabids.
By contrast, in the 4" year of evaluation, following deep snow cover, the soil surface
was harrowed four times (compared with only three times in previous years) with
negative effect on carabid communities. Mechanical interventions may not be a problem
for spiders as they winter in field margins and surrounding grassy sites.

2. It seems evident that individual taxa of the same ecological group — soil-
dwelling fauna in this case — respond differently to the effects of long-term organic
farming. Rejecting some conventional technologies and replacing these with an organic
system can result in an uncontaminated harvest, but on the other hand, it can negatively
affect some animal species. When considering individual interventions within the
system, its biological and ecological context must be taken into account. In terms of
agroecosystems, this means applied ecology or ecology of food systems. Properly
targeted management, with regard to the requirements of individual species, can be
more important than the choice of farming system. A credible evaluation of all positive

and negative effects should be carried out before choosing the best farming system.
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Abstract

Some species of centipedes and millipedes inhabit upper soil layers exclusively and are
not recorded by pitfall trapping. Because of their sensitivity to soil conditions, they can
be sampled quantitatively for evaluation of soil conditions. Soil samples are heavy to
transport and their processing is time consuming, and such sampling leads to
disturbance of the soil surface which land-owners do not like. We evaluated the use of
hay-bait traps to sample soil dwelling millipedes and centipedes. The effectiveness of
this method was found to be similar to the effectiveness of soil sampling. Hay-bait traps
installed for 8-10 weeks can substitute for direct soil sampling in ecological and

inventory studies.

Keywords Diplopoda, Chilopoda, soil sampling, agroecosystem, soil fauna
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Introduction

Soil macrofauna is commonly used for monitoring or evaluation of sites. Besides
ground beetles (e.g. Hurka et al. 1996, Kotze et al. 2011), spiders (e.g. Buchar and
Ruzicka 2002, Maelfait et al. 2004) or woodlice (e.g. Souty-Grosset et al. 2005, Tuf and
Tufova 2008), centipedes and millipedes are sampled frequently too (Tuf and Tufova
2008, Dunger and Voigtlander 2009). Nevertheless, not all species of centipedes and
millipedes are ground-dwelling with many species inhabiting the upper soil layer
exclusively (Lee 2006, Barber and Keay 1988). Soil dwelling animals can be sampled
using litter/soil sieving, soil sampling or hand-collecting. Sieved material and soil
samples have to be hand-sorted or processed using heat extractors, e.g. Tullgren funnel
or Kempson apparatus (Tuf and Tvardik 2005). Handling of soil samples can be
difficult due to the higher weight of samples (one sample of size 25 x 25 x 10 cm
weighs around 6 kg). Litter/soil sieving can reduce the weight of samples, nevertheless
as with hand-collecting, it is time consuming and attention-intensive. Moreover, soil
sampling can cause damage to the site; pot-holes created by a soil corer can endanger
people passing the site and can increase water erosion on slopes. These pot-holes are
definitely not popular among land-owners of the sampled sites. For these reasons
(severity of sampling, damage of ground), we have attempted to evaluate the
effectiveness of sampling centipedes and millipedes using hay-bait traps. The aims of
this research were 1) comparison of the efficiency of hay-bait trapping, soil sampling
and pitfall trapping and 2) to find the optimal length of exposure of hay-bait traps for

maximum efficiency.

Material and methods

Field study

The research was done at three sites in the Czech Republic from May to July 2013. The
first site was an alfalfa field (49°34.41'N, 17°17.17'E) on the border of the town of
Olomouc. This large field of ca 250 square metres is surrounded by other fields (with
cereals) and a railway embankment. In the previous year it had also grown alfalfa. The

field is under conventional management including use of herbicides and ploughing. The
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second site was an old meadow (50°26.85'N, 15°0.00'E) being mown once to twice per
year for the last 30 years. This meadow of ca 500 square metres is surrounded by fields
and gardens with mixed wood across the road and is ca 6 km north-east of the town of
Mlada Boleslav. The third site studied was a mixed forest (49°15.66'N, 17°17.72'E) 6
km south-west of the town of Krométiz. The forest is classified as Fageto-Quercetum
illimerosum trophicum; dominant trees are oaks, hornbeams and some pines, with
Rubus fruticosus, Galium odoratum and Galium aparine as dominants of undergrowth.

The soil surface of this forest is covered by a rather thick layer of oak leaf litter.

In the Czech Republic generally, the weather conditions during the study period were
characterised by average or slightly increased temperatures and higher than average
precipitation in May-June, and a very hot July in contrast to long-term average values.
The previous winter season was rather warmer and with higher precipitation (ref.
historical territorial data at www.chmi.cz). Soil macrofauna, including millipedes and
centipedes, was sampled using three methods at each site. Pitfall traps (10 traps
consisting of glass jars with inserted plastic pots of diameter 7.5 cm filled with 2 dl of
4% formaldehyde in water with some detergent, metal covers) were arranged in 2 lines
of 5 traps with a span of 10 m, and inspected at 2-week intervals. Five soil samples (25
x 25 x 10 cm including litter layer) were obtained using a spatula, three times per study
(i.e. 15 soil samples per site) and transported to the laboratory in plastic bags. Hay-bait
traps were made from a wire gauze (2 cm mesh) shaped as a simple pocket of size 25 x
25 cm. Each pocket was marked by a code written on the band. These pockets were
filled with hay (commercial hay mixture for feeding rodent pets) and submerged into
water for 2 hours before installation. Altogether, 60 hay-bait traps were placed
horizontally at each site in a following scheme: 5 lines of 12 traps (2-5 cm under soil
surface) over a length of 2 m with 10 m between lines. All traps were installed at the
same time and 5 traps were taken away each week during the course of the study lasting
for 12 weeks. Hay-traps were transported into the laboratory inside separate plastic

bags.
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Sample processing

Soil samples and hay-traps were heat-extracted immediately in the laboratory using
simple Kempson devices (Tuf and Tvardik 2005). Hay-traps were extracted for a week,
soil samples for 2 weeks, both under electric 60W-bulbs. Extracted animals from both
soil samples and hay-traps were sorted to higher taxonomic groups and millipedes and

centipedes were identified to the species level.

Data analyses

We tested the effects of trapping time and methods on species richness by
repeatedmeasures on traps with nested design. The traps were nested in each of the three
study sites (field, meadow, forest). Explanatory variables in the model were trapping
time and trapping methods. The response variable was defined as a number of species
per trap for particular time and place. Habitat type was used as random variable. We
used a mixed model to estimate the correct error term and degrees of freedom. To test
this effect, a generalized linear mixed model (gImmPQL, part of R package MASS) was
used with negative binomial error distribution and log link function (Bates et al. 2014).
To test if one level of a particular factor (trapping method and study site) is more
variable than other levels of the same factor, a permutation test was used
(permutest.betadisper, part of R package vegan). This permutation based method tests
pairwise comparisons of group mean dispersions. It is based on the t-statistic computed
on pairwise group dispersions. A distance matrix was computed based on “Bray-Curtis”
index of dissimilarity (vegdist, part of R package vegan). Then the function “betadisper”
(part of vegan package in R) was used to calculate variance for each group of samples.
Variance was computed as average distance of group members to the group centroid.
Rarefaction curves were constructed to show how the species richness varies for the
same sample size between the three trapping methods. Function “rarefy” (part of vegan
package in R software) computed the expected species richness and standard deviation
in random subsamples of a particular sample size from the community. Data were

analysed using R software (R Development Core Team 2011).
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Results

Altogether, we obtained 541 millipedes from 17 species and 435 centipedes from 13
species (Table 1). Based on the number of recorded animals, the richest site was the
forest (553 myriapods) and poorest site was the field (100 myriapods). Number of
species showed the same pattern: 21 myriapod species in the forest and 6 in the field.
Soil sampling was the least efficient for sampling species (9 millipede and 7 centipede
species) as well as individuals (36 and 100 individuals respectively), whereas pitfall
traps and hay-bait traps were similar in their efficiency: 14-15 millipede and 9-10
centipede species; for number of individuals, see Table 1. Methods at individual sites
were evaluated according to their efficiency using rarefactions (Fig. 1). Bait traps
sampled higher numbers of species in contrast to other methods in the field site,
meanwhile increasing sampling effort (number of sampled animals) was connected with
a bigger species list in bait traps as well as in pitfall traps in forest. Differences between
species lists at all sites and lists sampled by individual methods were compared by
pairwise comparisons and differences confirmed between all pairs of sites (Table 2a).
Nevertheless, the same analysis revealed there was no statistically significant difference
between the suite of species sampled by hay-bait traps and soil samples (Table 2b).
Evaluation of colonization of hay-bait traps (Fig. 2) showed that the highest diversity as
well as abundance of collected myriapods in these traps is after 7 weeks following
installation in field, or 9-10 weeks following installation in forest or meadow. A longer
period of exposure leads to a decrease of both parameters of myriapod communities.
Generalized linear mixed models reveal that changes in abundance during exposure was
significantly influenced by the second power of time (LRT = 6.43, p = 0.040, AIC =
667.83). The analogous model for diversity confirmed significant changes during time
(LRT =5.81, p =0.042, AIC = 543.38) which were site dependent too (LRT =6.74,p =
0.034, AIC =544.12).
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Table 1. List of millipedes obtained using three methods from three biotopes (ind./10 pitfall traps/12 weeks, ind./60 bait traps and ind./0.94m2

respectively.
Pitfall traps Hay-bait traps Soil samples Total pitfall Total hay-bait traps | Total soil
field | meadow | forest field | meadow [ forest field [ meadow [ forest traps samples
Glomeris connexa C. L. Koch, 1847 - 9 1 - - 1 - - - 10 1 0
Blaniulus guttulatus (Fabricius, 1798) - 2 - - 31 1 - 2 - 2 32 2
Brachyiulus bagnalli (Curtis, 1845) 2 - - 5 - - - - - 2 5 0
Cylindroiulus boleti (C.L. Koch, 1847) - - 3 - - - - - - 3 0 0
Cylindroiulus caeruleocinctus (Wood, 1864) 1 - - - - - - - - 1 0 0
Enantiulus nanus (Latzel, 1884) - - 64 - - 32 - - 4 64 32 4
Julus scandinavius Latzel, 1884 - - - - - 1 - - - 0 1 0
Leptoiulus proximus (Némec, 1896) - - 2 - - 1 - - - 2 1 0
Megaphyllum projectus Verhoeff, 1894 - - 2 - - 2 - - - 2 2 0
Ommatoiulus sabulosus (Linnaeus, 1758) - - 10 - - 11 - - 4 10 11 4
Ophiulus pilosus (Newport, 1842) 27 - - 59 - - 2 - - 27 59 2
Unciger foetidus (C.L. Koch, 1838) - 9 36 - 30 26 - 3 2 45 56 5
Brachydesmus superus Latzel, 1884 - - - - - - - 3 - 0 0 3
Polydesmus complanatus (Linnaeus, 1761) - 3 1 - 2 3 - - 1 4 5 1
Polydesmus denticulatus C.L. Koch, 1847 - 8 - - 7 - - - - 8 7 0
Polydesmus inconstans Latzel, 1884 - 1 - - 39 - - 6 - 1 39 6
Strongylosoma stigmatosum (Eichwald, 1830) - - 47 - - 26 - - 9 47 26 9
Diplopoda 30 32 166 64 109 104 2 14 20 228 277 36
Clinopodes flavidus C.L. Koch, 1847 - - 2 1 - 9 - - - 2 10 0
Geophilus electricus (Linnaeus, 1758) - - - - - - - 9 - 0 0 9
Geophilus flavus (DeGeer, 1778) - - 10 - 9 20 1 30 - 10 29 31
Geophilus truncorum Bergsoe & Meinert, 1866 - - - - - - - 1 - 0 0 1
Schendyla nemorensis (C.L. Koch, 1836) - - 23 - 11 60 - 26 - 23 71 26
Strigamia transsilvanica (Verhoeff, 1928) - - 4 - - 2 - - - 4 2 0
Lithobius aerugineus L. Koch, 1862 - - 41 - - 39 - - - 41 39 0
Lithobius austriacus (Verhoeff, 1937) - - - - - 2 - - - 0 2 0
Lithobius dentatus C.L. Koch, 1844 - - 2 - - 1 - - - 2 1 0
Lithobius erythrocephalus C.L. Koch, 1847 - - 1 - - - - - - 1 0 0
Lithobius forficatus (Linnaeus, 1758) - - - - - 1 - - 1 0 1 1
Lithobius microps Meinert, 1868 - 4 - - 47 - - 31 - 4 47 31
Lithobius mutabilis L. Koch, 1862 - - 3 - - 3 - - 1 3 3 1
Lithobius spp. - - 14 2 - 24 - - - 14 26 0
Chilopoda 0 4 100 3 67 161 1 97 2 104 231 100
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Table 2. Pairwise comparisons of species lists collected (a) at different sites and (b) by

different methods. (Observed p-value below diagonal, permuted p-value above

diagonal).

a) field forest meadow b) hay-bait pitfall soil
field 0.001 0.048 hay-bait 0.003 0.917
forest 0.000 0.001 pitfall 0.003 0.043

meadow 0.041 0.004 soil 0.911 0.052
1 1 1 1 1 1 1 1 , 1 1 1
meadow meadow
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Figure 2. Changes in myriapod communities inside hay-bait traps installed in three
biotopes during the 12 week trapping period. Qualitative as well as quantitative
parameters are shown for these communities. Open dots are observed parameters,
whereas solid lines represent models of succession including standard errors (green

shading).

Discussion

Centipedes and millipedes live on the soil surface and inside soil. We can find them
through the whole soil gradient to a depth of one meter (e.g. Ilie 2003) although they are
abundant in upper layers predominantly. This is the reason why pitfall traps are not

sufficient for sampling the whole community adequately. We evaluated efficiency of
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hay-bait traps for sampling soil-dwelling millipedes and centipedes with the time
consuming soil sampling (connected with destruction of the soil surface and transport of
heavy samples to the laboratory). Bait traps were used for sampling invertebrates,
mainly beetles, in caves originally (Barber 1931). Bait traps are much more common for
carnivorous or necrophagous species; baits are represented by pieces of flesh, fish or
cheese above a fixation solution surface, or direct addition of beer to a solution. Straw,
wood or yeast is placed in caves occasionally as the baits for detritivores (Mock pers.
comm.). Nevertheless, baits are not working there as traps, as they need to be visited
and inspected continuously to collect attracted animals to avoid them to leave baits. The
first documented version of bait traps for millipedes was a shingle trap by Barber (1997)
filled with kitchen tissue and potatoes. He used this trap to sample millipedes and
isopods at a shingle beach in England. Similar kinds of bait traps, containing sweet
potatoes or corn, were used by Brunke et al. (2012) for sampling Cylindroiulus
caeruleocinctus in Canadian fields. Almost the same traps are used with the name litter
bags for studying decomposition of different kinds of litter and/or by different size
groups of decomposers (according to diameters of holes in the traps). Litter bags are

also used for sampling soil mesofauna or microarthropods (e.g. Wiegert 1974).

Prasifka et al. (2007) used litter bags to sample ground dwelling invertebrates; they
installed litter bags at the soil surface as well as below the soil surface in a corn field.
Above-ground bait traps were attractive for centipedes (millipedes were not recorded in
this research). Apart from these publications, we did not found any records of the use of

bait traps for sampling millipedes or centipedes.

Hay-bait traps vs. soil samples

If we are interested in using hay-bait traps as an adequate (or even better) substitute for
soil sampling, we have to compare species lists of millipedes and centipedes trapped by
these methods. There were only three species recorded exclusively from soil sampling,
I.e. missing in hay-bait traps: millipede Brachydesmus superus and centipedes
Geophilus electricus and G. truncorum. The minute millipede species lives preferably in
clay soils with litter (Lee 2006) usually in huge quantities. This species is a dominant
species recorded by pitfall traps in cities (Riedel et al. 2009), so its absence in pitfall
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traps at the meadow site is probably caused by its low abundance. Geophilus truncorum
was recorded once only, so it is hard to evaluate effectiveness of sampling of so “rare” a
species. Nevertheless, both geophilomorphs (G. electricus and G. truncorum) are known
as predators of earthworms (Sergeeva et al. 1985, Keay 1986); for this reason, hay-bait
may be not attractive for them as they follow earthworms into their corridors in soil. So,
to collect G. electricus, soil sampling or direct hand collecting seems to be necessary.
Other geophilomorphs (C. flavidus, S. nemorensis, S. acuminata, G. flavus) are
common species, which are frequently found by individual hand-collecting; they live in
soil near the surface, under logs, bark and stones (e.g. Barber and Keay 1988). Their
presence in shallow hay-bait traps is not surprising as these species were sampled by
pitfall trapping too. One millipede species, Julus scandinavius was recorded exclusively
in a hay-bait trap, but as one specimen only was found no generalization can be made.
Many more species were found in both hay-bait traps and pitfall traps but not in soil
samples. Nevertheless, hay-bait traps are not a substitute method to pitfall trapping as
there were significant differences between species lists recorded by these methods (see
Tab. 2), but it can definitely substitute the soil samples.

Colonisation of hay-bait traps

Centipedes, and especially millipedes, are attracted into the hay-bait traps. The possible
reason can be as a food source and/or sustainable shelter with higher humidity. At least
for millipedes, food source seems to be the more probable explanation; wet cloth
method (offering higher humidity) did not record any millipedes in African savannah
ecosystems (Druce et al. 2004). More probably, millipedes and centipedes are attracted
by food availability, as it can be associated with hay decomposition and colonization of
the traps. Smaller decomposers colonising baits are welcomed food for carnivorous
centipedes (e.g. Perry et al. 1997). Eight to ten weeks seems to be the optimal exposure
time for hay-bait traps in Central European conditions. A similar result was found by
Ozanova (2001) using grass traps (a small heap of mowed grass on the surface of
meadow), with a much higher number of species after 7 weeks than for a shorter
exposure time. Although Prasifka et al. (2007) did not evaluate the effect of length of

exposure time of bait traps, it is evident from their results that below-ground traps were
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more effective after 8 weeks than after 6 weeks. It supports our results that the best
length of exposure of bait traps is from 8 to 10 weeks, although we aware of difficulties
with this generalization. The best length of exposure is not dependent only on a type of
habitat, but also on climate conditions (rainy or dry weather) and time of year when
exposed. Traps installed in Central European conditions in late autumn or in winter or
during dry hot summer can be colonised in different ways as invertebrates change their
activity and position in the soil profile during the year (David 1984, Geoffroy 1985,
David et al. 1996, Tuf 2002). The general recommendation for using these traps when
installed in spring is to use them for 8-10 weeks. Timing of installation and the length
of time exposed in field sites will need to coordinate with agricultural activities such as

sowing and harvest times.

Conclusion

Centipedes and millipedes inhabit the soil surface as well as the soil profile. For a
complete knowledge of myriapod fauna, pitfall trapping needs to be combined with a
method to collect soil dwelling species, e.g. soil sampling. Hay-bait traps were tested
for their ability to replace soil sampling. Our results showed that haybait traps are
attractive to myriapods and can have a similar sampling effort as soil sampling. The
optimal length of exposure of hay-bait traps in soil seems to be ca 2 months (8-10

weeks).
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Abstract

Erosion processes, as the most serious degradation factor within the Czech Republic and
worldwide, affect the characteristics of the soil, its production abilities and a number of
non-production functions. Research reports and scientific studies provide plentiful data
on the intensity of erosion and its influence on the physical, chemical and biological —
microbiological properties of soil. However, there is little information from research on
the impact of water erosion on selected groups of fauna supporting numerous important
processes within agroecosystems. We therefore focused our study on this issue and
between 2012 and 2016 we carried out research on 18 sites, where three contour lines
were determined along each slope, in the control, erosional and depositional parts. More
than 65,000 specimens of Carabidae and over 7,000 spiders caught on these plots,
which varied in intensity of erosion, allowed us to evaluate the effect of erosion
processes on these agricultural production plots and the communities of selected epigeic
groups inhabiting these areas. Evaluation of the five-year study results confirmed a
statistically conclusive difference in the abundance of the studied groups and species
depending on the intensity of erosion or deposition. Most studied species preferred the
depositional parts of slopes or the control parts, including the dominant carabid species
— Pterostichus melanarius and Pseudoophonus cupreus, and spider species — Pardosa
agrestis and Oedothorax apicatus. The composition of carabid and spider species on
control, erosional and depositional contours provided us with information on the

potential impact of water erosion on communities of soil invertebrates.

Keywords: soil, degradation, erosion, deposition, Carabidae, Araneae
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Introduction

Erosion is the most common form of soil degradation — globally, water erosion
affects 1094 million hectares of land (Lal, 2003). Average erosion runoff in Europe is
between 3.3 - 17 t ha* yr! (Pimentel, 1995; Van Oost et al., 2009). Panagos (2015)
calculated the average soil loss due to erosion in the Czech Republic to be 2.52 t/halyr.
The situation and development report “Soil” (Col., 2018) states that more than half of
farmland acreage is threatened by water erosion. Such a loss should not exceed the rate
of the soil-forming process, which is 0.3 to 1.4 t/ha’yr (Verheijen et al., 2009). However,
according to Pimentel and Kounang (1998), erosion runoff is 15 — 40 times faster than
the rate of soil renewal and sustainability, thus reducing not only the productivity and
properties of the soil, but also the abundance and diversity of soil organisms.

The susceptibility of soil to erosion is the result of natural factors, e.g. torrential
rain and slope gradient, which primarily determine the energy of the eroding force
(Govers et al., 1994; DEFRA, 2006), but is also affected by the soil’s characteristics
such as soil texture, amount and nature of organic matter present, water content, land
cover and the energy of the eroding force, as well as the form of land use (Mamedov et
al., 2000; Verheijen et al., 2009).

In comparison to grassland and forests, agro-ecosystems on arable land are
especially vulnerable to water erosion. Soil on arable land is considerably disturbed by
conventional management. Among other effects, this causes the loss of organic matter
through oxidation and removal during harvesting. This leads to reduced stability of soil
aggregates and increased erosion (Dungait et al., 2013). Therefore, soil tillage is one of
the main driving forces for soil erosion (Powlson et al., 2011). Soil compaction, mainly
due to the use of heavy machinery, affects soil properties, reducing water infiltration
and increasing surface runoff and erosion (Addiscott and Thomas, 2000; Bailey et al.,
2013). The greatest soil loss due to tillage occurs on the crests and shoulders of slopes,
where the gradient is steepest, and deposition occurs in concave breaks on slopes (Van
Oost et al., 2006). Increasing depth and frequency of agro-technical intervention,
downslope and steep slope tillage increases the soil’s susceptibility to tillage erosion
and, subsequently, accumulated areas of transported soil become more susceptible to
erosion by wind and water (Van Oost et al., 2006; Dlugol? et al., 2012). Water erosion
induces the process of in-field deposition and intermediate storage (e.g. 50% of total
erosion) (Ferguson, 1981). This means the transportation and redistribution of
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sediments and biota to depositional zones, e.g. foot slopes, field margins and buffer
strips. Erosion activity influences the chemical and physical properties of the soil
(Rhoton et al., 2002, Papiernik et al., 2007; Nie et al., 2013, garapatka et al., 2018), and
a significant amount of carbon is also translocated (Quinton et al., 2010).

Besides sediment transport, the soil is also endangered by the redistribution of
soil biota to lower parts of slopes (Powlson et al., 2011). Erosion redistributes organic
and inorganic components of the soil (Dungait et al., 2013), depending on the climate,
topography, land management and a number of anthropogenic factors (Collins and
Owens, 2006; Helming et al., 2006; Powlson et al., 2011). Thus, erosion processes
create eroded — degraded, as well as enriched — depositional, types of environment. Soil
exposed to such stress can show reduced diversity and may potentially lead to a loss of
ecosystem function in comparison with unstressed systems (Brussaard et al., 2007,
Pimentel and Kounang, 1998; Raffaelli et al., 2002). Not only reduced depth of soil, but
also limited water capacity and infiltration, and lower content of nutrients and soil
organic matter are the key factors leading to damage to soil ecosystems otherwise rich
in both species and abundance (Pimentel and Kounang, 1998). Current estimates state
that a quarter of animal species live exclusively in the soil and leaf litter (Decaéns et al.,
2006) and include micro-biota (e.g. bacteria, fungi, protozoa and nematodes), meso-
biota (e.g. collembola, mites and enchytraeids) and macro-biota (e.g. ants, beetles and
earthworms) (Giller et al., 1997). Macro-biota participate in the formation of the
pedosphere; the mobility of these organisms allows them to shift significant amounts of
soil (Roots, 1956, Lavelle et al., 2006).

Disturbance of the soil environment needn’t have the same effect on individual
groups of biota, where e.g. torrential rain can have a significant erosion effect on micro
and mesobiota, which live on, or close to, the soil surface, whereas earthworms can be
influenced by the accumulation in the depositional parts of slopes, as worm burrows
become clogged and blocked by fine particles (Baxter et al., 2013). Moving along the
erosion-energy and effective-erosion-depth continuum (rain splash, rills and gullies)
typically means less frequent but higher magnitude events that result in soil being lost to
greater depths (Webster and Morgan, 2015). This has consequences for wholesale
transport of the contained biota, with micro- and mesobiota transported in association
with the soil, and macrobiota potentially escaping the destruction of the habitat. The

impact of erosion at high magnitude, e.g. as a consequence of rill and gully erosion,
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results in greater stresses translating into loss of habitable space (Pimentel and
Kounang, 1998), and indeed loss of habitat, e.g. the detritusphere. In any case, erosion
can lead to the loss of a keystone species, the absence of which can have a cascading
effect on a wide spectrum of species and ecosystems (Heywood, 1995; Daily, 1996).

The influence of erosion on soil biota is twofold. It involves not only the direct
transport and redistribution of biota, but also the modification of habitat and changes in
conditions for soil biota. Water can act as a mechanism for the passive distribution of
soil biota (Freckman and Baldwin, 1990; Dighton et al., 1997; Terhivuo, 1988;
Terhivuo and Saura, 2006; Eijsackers, 2011). Important factors in the passive
distribution of biota are the loss of soil through erosion, tillage, harvesting and other
agricultural activities (Debeljak a kol., 2007). Erosion processes are significant if they
change the physical and chemical conditions, and degrade top and upslope erosional
environments while enriching downslope depositional environments. Erosion processes
thus modify the environment for soil organisms. According to Joschko et al., (1998)
these are the indirect consequences of erosion, with reduced availability of habitat,
depleted soil structure and reduced concentration of organic matter and nutrients. Soil
pores can be clogged by transported fine particles, thus changing the habitat of soil
biota. These fine particles are most easily transported, and soil biota similar to fine
particles in size and mass can also be transported (Cadet and Albergel, 1999). Rain
splash and slaking may also be significant erosive processes for micro- and meso-biota
(Baxter et al., 2013; Pimentel and Kounang, 1998).

It is evident that our knowledge of the influence of erosion on soil biota is only
partial, as stated by Baxter et al. (2013) or Ritz and Trudgill (1999. In our study we
chose carabids and spiders as the model groups in order to gather information on the
impact of water erosion on their communities. These groups were chosen on the basis of
their ability to quickly react to changes in ecosystems, and with regard to the
availability of information on their biology and ecology. The aim of the study was to
determine to what extent the chosen communities of biota are influenced by water
erosion processes in the studied localities. A partial aim of our study was to evaluate the

distribution of species in the chosen groups to individual lines of slopes.

A partial aim of our study was to evaluate the distribution of species in the

chosen groups to individual contour lines of slopes.
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Material and methods

Study sites

Soil invertebrates were sampled each from May to September, always on erosional
sites, in plots of maize on chernozem soil. In the first year only two sites were
monitored, and four sites in the next four years. Thus, in total, there were 18 research
sites on which erosional, depositional and control transects of slopes were studied. All
the sites are situated in the South Moravia region of the Czech Republic, in the cadastral
areas of Horni Bojanovice, Krumvit, Ostrozska Nova Ves, Ostrozska Lhota, Syrovin,
Vracov, Velké Bilovice, Cejkovice and Hovorany. In geological terms, the studied
localities comprise of a quaternary blanket of sand-loam sediment and loess loam. The
topsoil layer of these fields is medium deep to deep. The main soil types are Haplic or
Calcic Chernozems (control and depositional parts of slopes) and Kastanozems
(erosional parts of slopes) (Working Group WRB, 1USS, 2015).

Structure of the field trial

3 plots were determined on each of the 18 studied sites — a control plot at the
beginning of the slope (C), in the erosional part of the slope (E) and in the depositional
part of the slope (D). On each plot, 5 pitfall traps were placed in a row along a contour
line, at intervals of 10 metres. These pitfall traps (a plastic cup 7 cm in diameter with a
metal cover, filled with a 4% water formaldehyde solution) were set in the middle of the
plots, to avoid the influence of external factors on the observation. The traps were
regularly emptied at two-week intervals. Invertebrates were sorted into higher taxa: i.e.
beetles and beetle larvae (Coleoptera), dipteran larvae (Diptera), millipedes
(Diplopoda), centipedes (Chilopoda), spiders (Araneae) and harvestmen (Opiliones).
Similarly, we focused on the most abundant groups of trapped fauna, i.e. ground beetles

(Carabidae) and spiders (Araneae), which were then further divided into species.

Data processing and statistics

Quantitative data on active invertebrates on individual plots of erosion slopes was
evaluated via the Canoco 5.0 program for Windows, which enables the analysis of
multi-dimensional data (Lep$, Smilauer, 2000). The effect of slope position on
invertebrate distribution pattern was evaluated by unimodal canonical correspondence

analysis (CCA), and Monte-Carlo permutation tests. To determine the statistical
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dependence between individual groups and species of invertebrates, the chi-square test
was used and the difference between two rates was compared using the STATISTICA
program (StatSoft, Inc., 2013).

Results
Individual research sites were chosen according to the intensity of erosion or deposition
processes on the studied sites. The volume of lost or accumulated (deposited) soil is

shown in Tab. 1.

Tab. 1: Average extent of erosion — deposition processes in individual research contour
lines over a period of five years (in t.ha® per year). Both erosion and deposition
processes occurred in individual parts of slopes. Positive figures in t.ha? per year

express deposition processes, negative figures are for erosion.

part of slope Control part Erosional part Depositional part
average erosion or deposition -2.55 -3.53 +0.16
average minimum values on individual -19.30 .35.42 -15 40
plots - erosion
average maximum values on individual +11.16 +23.46 +17.48

plots — deposition

Carabidae

Between the years 2012 — 2016 a total of 69,708 specimens of the Carabidae family
were caught in ground traps (Tab. 2). In terms of distribution of carabids within the
three compared contours, the greatest number of specimens, throughout the study, were
caught in the depositional and control parts of slopes.

Tab. 2: Average numbers of carabids caught during the five-year period in the studied

parts of slopes

Carabidae Control parts of Erosional parts of  Depositional parts

slopes slopes of slopes
2012 1302.5 +621.5 1328 + 420 2738 + 495
2013 850.75 £ 934 1164.25 = 1407 1272.5 + 1405
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2014 815.25 + 1858 523.25 + 260 634.5 + 261

2015 1532.75 + 761 1583 + 1220 2529.25 + 1548

2016 1495 + 630 1161.5 + 338 1180.75 £ 370
2012-2016 1187.77 + 812 1132.44 + 982 1552.44 + 1283

A total of 14 species were identified, the most abundant of which was Pseudoophonus
rufipes, representing 37% of all specimens caught. Another eudominant species was
Pterostichus melanarius (31%). Other species caught were Poecilus cupreus (6%),
Dolichus halensis (6%), Anchomenus dorsalis (2%) and Brachinus crepitans (1%). The
remaining captured species were included in the group “sub-recedent”: Cylindera
germanica, Calosoma aurupunctatum, Carabus scheidleri, Broscus cephalotes,
Carabus coriacerus, Carabus ulrichii, Amara ovata and Harpalus spp. Tab. 3 shows
the positional distribution of the most abundant Carabid species in the studied parts of

slopes.

Tab. 3: The most abundant carabid species (more than 1% of the total) in the studied
parts of slopes (figures in brackets show the number of sites where the species was

found during the five-year period)

Control part

Erosional part

Depositional part

Pseudoophonus rufipes

601,16 + 431 (18)

533,7 + 439 (18)

541,66 + 583 (18)

Pterostichus melanarius

245,16 + 238 (18)

389,16 + 655 (18)

718,27 + 1026 (18)

Poecilus cupreus 105,94 + 144 (16)| 69,66 + 72 (18) 140,13 + 136 (16)
Dolichus halensis 85,38 + 160 (16) | 109,31 +231(13) | 121,86 + 282 (14)
Anchomenus dorsalis 49,24 + 61 (17) 35,06 + 41 (18) 28,33 + 26 (18)
Brachinus crepitans 16,31 £24 (16) 8,19 + 9 (16) 26,19 + 56 (16)

Species distribution in individual parts of slope is also evident from analysis in Fig.1.
There is a visible preference for the depositional parts of slope in the species P.
melanarius and P. cupreus. Unlike these two brachypterous species (unable to fly),
flying species such as A. dorsalis, or B. crepitans were found in the control parts of

slopes, i.e. at the top of the slope.
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Fig. 1: CCA analysis of the most abundant carabid species found in the three studied

contour lines (Upper, Middle, Lower) over the five-year period. Abbreviations: PseRuf

(P. rufipes), PteMel (P. melanarius), PoeCup (P. cupreus), DolHal (D. halensis),

AncDor (A. dorsalis), BraCre (B. crepitans)

A greater number of specimens are found in depositional parts of slopes, due to material

transported from the higher parts of the slope. The creatures are often transported

passively, finding refuge in the depositional part of the slope. Fig. 2 shows the obvious

correlation of water erosion and abundance of the studied carabid species. The number

of P. melanarius and P. cupreus rises with the increasing intensity of erosion, while the

remaining four species (A. dorsalis, B. crepitans, D. halensis a P. rufipes) show the

opposite trend.
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Fig. 2: GAM model (generalized additive model) showing the most abundant carabid
species in relation to the extent of erosion. Abbreviations: PseRuf (P. rufipes), PteMel
(P. melanarius), PoeCup (P. cupreus), DolHal (D. halensis), AncDor (A. dorsalis),
BraCre (B. crepitans)

Araneae

During the 5-year period a total of 7198 specimens were caught (Tab. 4), representing
55 spider species. Of this number we selected 6 species whose abundance was
meaningful to our research: Pardosa agrestis (47%), whose abundance accounted for
nearly half of all spiders caught. The other species were Oedothorax apicatus (23%),
Robertus arundineti (2%), Trochosa ruricola (2%), Xysticus kochi (1%) and juvenile
specimens of the genus Pardosa (1%). Other caught species were included in the sub-

recedent group.
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Tab. 4: Average number of spiders caught during a five-year period in the studied parts

of slopes

A Control parts Erosional parts of ~ Depositional parts of

raneae
of slopes slopes slopes

2012 130 + 46 146 + 26 2585+ 78
2013 65.25 + 29 61.25+12 88.5+8
2014 66.75 + 40 50.75+ 24 106.25 + 49
2015 103.5+41 88.5 + 26 146.25 + 70
2016 281.25 + 187 221 +176 255.5 + 202

2012-2016 128.72 £ 126 109.88 + 107 161.27 £ 128

Tab. 5 shows positional distribution of the most abundant spider species in the studied

contour lines.

Tab. 5: Abundance of the most numerous spider species in the studied contours. Species

which represented more than 1% of the species composition were chosen for statistical

evaluation.

Control part

Erosional part

Depositional part

Pardosa agrestis

87,83 + 123,84 (18)

66,27 + 107,45 (18)

82,33 + 112,48 (18)

Oedothorax apicatus

30,83 + 27,15 (18)

26,66 + 23,76 (18)

58,94 + 56,39 (17)

Robertus arundineti

3,26 + 3,70 (15)

4,26 + 5,74 (15)

2,75 +2,79(12)

Trochosa ruricola 2+191(11) 1,3+£1,25(10) 7 £5,38 (15)
Pardosa spp. 3,10 + 2,57 (10) 2,66 = 3,23 (9) 3,82+ 4,84 (11)
Xysticus kochi 4 +6,02 (8) 6+11,28 (5) 4 +555(8)

In order to assess species preference for individual contours, canonical correspondence
analysis (CCA) was carried out, see Fig. 3. The majority of the studies species prefer
depositional parts of slopes. The only species with an opposite trend in preference was

Xysticus kochi.
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Fig. 3: CCA analysis of spider species presence in individual contours during a five-
year period.

Abbreviations: OedApi (O. apicatus), ParAgr (P. agrestis), RobAru (R. arundineti),
TroRur (T. ruricola), ParSp. (Pardosa spp.), XysTho (X. kochi).

Discussion

Catching invertebrate soil fauna in pitfall traps is a standard method of obtaining
information on the abundance or structure of the target communities (lvask et al., 2019,
Jung et al., 2019). This method is mainly used for monitoring species living on the soil
surface or close to the surface. Inhabitants of deeper layers cannot be appropriately
evaluated by this method (Tuf et al., 2015). According to Jung et al. (2019), the
diversity of captured specimens depends on the size of the trap. We used traps of 7 cm
diameter. Another factor affecting the performance of the traps is the type of fixative
solution used. In a study by Jurekova et al. (2019) ethylene glycol solution was used to
catch e.g. springtails (Collembola). For our purpose — catching soil macrofauna — we
used a 4% formaldehyde solution, which proved adequate.

Identification of the specimens caught showed that the species composition of both

studied groups was typical for fields of maize within Central Europe, and corresponds
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with existing knowledge (Law and Gallagher 2018, Svobodova et al. 2018, Palinkas et
al., 2016). A similar species composition of carabids was caught in pitfall traps, also in
rapeseed crops within a study by Lemic et al. (2017) where one of the most abundant
species was also Poecilus cupreus. Alford et al. (2008) present this species as one of the
most numerous in winter crops and our research also confirms its dominant presence in
crops sown in springtime.

Communities of spiders caught in pitfall traps throughout the period of our study were
more diverse in terms of species composition than communities of carabids. The
dominant family was Lycosidae, i.e. ground-dwelling species which do not spin webs
but actively hunt their prey (Kheirodin, 2019). The most abundant captured species of
spiders were, as with the carabids, typical for field ecosystems. This has been proven
e.g. in studies by Svobodova et al. (2013) and Volkmar et al. (2003) who found the
same dominant species in maize crops.

The studied carabid and spider communities were affected by erosion processes, i.e.
control + erosional parts of slopes differed from depositional parts. This means a
difference between parts of slopes with prevailing erosion, and parts with prevailing
deposition. This is different from the findings of Sarapatka et al. (2018), who studied
the chemical characteristics of the soil and came to the conclusion that the control part
of the slope was more similar to the depositional part, with a greater content of organic
carbon and nutrients. Our current results suggest that the material, washed off the upper
parts of a slope, accumulates in the depositional parts, including not only organic
matter, nutrients and fine mineral fractions, but also invertebrate soil fauna. Baxter et al.
(2013) came to the same conclusion in their study dealing with transport of nematodes
which are far smaller than the groups of fauna studied in our research. Our results do
not confirm the hypothesis that smaller specimens of carabid and spider would be more
likely to be washed off than larger ones. For example, the tiny Anchomenus dorsalis
was more abundant in the contours with more intensive erosion while the number of
Brachinus crepitans was higher in the depositional parts of slopes. Only Pterostichus
melanarius was even more abundant in the depositional parts of slopes. It is obvious
that, unlike nematodes, carabids, with their ability to fly, can re-colonize those parts of
the slope from which they have been washed off. For instance Pseudoophonus rufipes

was more abundant in the erosional parts.
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Besides direct transportation, the development of communities in individual parts of
slopes is also affected by the actual erosion processes themselves, as they alter the
physical, chemical and biological properties of the soil (Polyakov and Lal, 2004, Nie et
al., 2013) and the soil’s production capability.

The most numerous species of Carabidae on all our study sites was Pseudoophonus
rufipes, having a preference for open, unshaded spots (Labruyere, 2018). This species is
frequently used in bio-control studies dealing with the predation of seed (from both
cultivated and wild plants) (Mader et al., 2018, Sint et al., 2018). The depositional parts
of slopes on our study sites had the highest level of weeds, and P. rufipes was found on
all 18 sites. This species was also quite abundant in the control parts of slopes with soil
conditions and vegetation cover similar to the depositional parts (Sarapatka et al., 2018)
Denser vegetation provides better protection for the soil surface against rainfall
(Dungait, 2013) which helps to prevent erosion.

The influence of vegetation cover on the abundance of soil predators, including the
groups of fauna studied in our research (Carabidae, Araneae), was studied by
Sommaggio et al. (2018). Their results confirmed a higher abundance of fauna in areas
of denser vegetation. This correlation is also confirmed by Pimentel et al. (1992). The
most intensively eroded parts of slopes suffer not only from poorer plant cover, but also
from decreasing diversity and abundance of soil fauna (Atlavinyte, 1964). This is also
confirmed by our results, especially the GAM model showing how the number of most
carabid species decreases with increasing erosion. The only exceptions are Pterostichus
melanarius and Poecilus cupreus, who can fly well, and can recolonize the whole slope
if transported from their original location.

One of the reasons for the decreasing abundance of fauna in the most eroded contour
lines could be the deficiency of nutrients, which are washed away by erosion. The
sudden loss of nutrients from a particular area can even lead to a change in the size of
communities, as stated by Sierocinski et al., (2017). As the studied plots are farmed in a
conventional way, a certain amount of pesticides are applied. The active substances of
some pesticides can have a serious effect on the abundance of epigeic fauna (Jonason et
al., 2013, Aydin, 2018). The issue of pesticide impact on spiders was studied by
Niedobova et al. (2019), who found a lethal effect and influence on the predatory

activity of Pardosa agrestis, which is the most numerous species in our study.
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Depositional parts of slopes with richer supplies of nutrients and organic matter, as well
as denser vegetation, can better prevent pollution of the soil surface by insecticides.
Pardosa agrestis and Oedothorax apicatus were the eudominant species of spider on our
study sites. The dominance of these species in arable crops was also apparent in other
studies (Oberg, 2007, Kalushkov et al., 2008, Volkmar et al., 2009, Kunz et al. 2015).
Other species were far less numerous.

A comparison of their spatial distribution suggests an opposite preference in the two
most common species, which is similar to the carabids. Most Oedothorax apicatus
specimens was found in the depositional parts, while the greatest number of Pardosa
agrestis was in the control part of the site. The environment and conditions in the
control and depositional parts of slopes are similar, and together differ from those in the
erosional parts. Oedothorax apicatus is a species abundant in meadows and fields. A
study by Reza¢ and Rezacova (2019) focuses on the passive migration of this species by
means of spider silk, which, in our case, could relate to the grassy edges and patches in
the surrounding area. The bio-indicator potential of Oedothorax apicatus was also
described in a study by Madeira et al. (2016) who deal with migration between arable
crops and grassland. The higher abundance of the species in depositional parts could
have been due to closer grassy vegetation from which the spiders may have migrated
into the fields.

On the other hand, a greater number of Pardosa agrestis specimens in the control parts
of slopes could confirm research by Oberg (2009) who proved the better condition of
these spiders in a homogenous environment due to less competition for food sources.
The last, but not least, effect of water erosion is that it alters the soil structure, with fine
particles washed off to the depositional parts of slopes where they clog soil pores, thus
blocking migration routes for soil fauna (Cerda, Jurgensen, 2008). However, we can

exclude this phenomenon from our study with regard to the size of the species studied.

Conclusion

In the South Moravia region, where Chernozem soils are found, erosion processes in the
agricultural landscape represent a considerable problem, both in terms of production and
non-production. Year by year, farmers on erosion-threatened land are achieving lower
crop yield, but they are also witnessing the degradation of soil characteristics and an

effect on other elements of the environment, e.g. water sources.
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Our study draws attention to a further problem relating to biodiversity in
agroecosystems. According to our research, there is a profound difference in the
presence of individual species of ground-beetles and spiders studied in different parts of
slopes. These creatures, which spend most of their lives on the soil surface and must
face all external threats, including water erosion, can act as indicators of degradation
changes in agroecosystems through changes in their abundance or species composition
of communities.

The choice of these groups for the proposed research was due to the various important
functions performed by these model species within agroecosystems. Besides their
bioindicator characteristics, they also act as predators for field pests. Thanks to their
predatory abilities, they prevent the overpopulation of other species, and are an
important link in the food chains.

Through their formation of passageways in the soil, they also help to aerate and improve
the soil structure. Their influence on physical and chemical properties, but also on
biological characteristics can be considerable in various parts of slopes. This should be
taken into consideration in planning anti-erosion protection by means of agrotechnical,
organisational and technical measures. Within future research we wish to focus on
smaller groups of soil biota, on mesofauna, and subsequently compare the obtained

results with the surface-dwelling fauna studied in this published research.
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Abstrakt

Degradace pudy vede ke snizeni produktivity plidy a ma také vliv na Zivotni prosttedi.
Hlavnim faktorem degradace pidy jak v Evropé, tak v Ceské republice je vodni eroze.
V soucasné dobé se otdzka eroze ¢astecn¢ fesi normami Spravné zemédelské praxe pii
hospodateni s ptidou (DZES), konkrétné standardy DZES 4 (Miniméalni pokryv ptdy) a
DZES 5 (Minimalni troven obhospodatovani pady k omezovani eroze). Tato opatieni
vsak nejsou dostateCna k ochrané puady ohrozené erozi. Proto jsme svédky raznych
negativnich zmén v krajin¢ a prostiedi. Z hlediska pedologického, poskytuje védecka
literatura vyznamné informace o zménédch fyzikélnich, chemickych a nékterych
biologickych (zejména mikrobiologickych) vlastnosti pidy béhem eroze a o negativnim
dopadu na rostlinnou vyrobu. Existuje v§ak nedostatek informaci o u¢inku na epigeické

bezobratlé zivocCichy.

Tato prace se zabyva vyuzitim ptfedev§im epigeickych spolecenstev bezobratlych
zivocicht jako indikatorGt zmén v krajiné. Jednd se o viceleté studie, které nam
napomahaji pochopit zmény, které se v poslednich letech v krajiné udaly.
Nashromdzdény materidl citd desetitisice bezobratlych zivoc¢ichli, z nichz vybrané
skupiny byly ur€ovany do druhil. Jedné se predevsim o stievlikovité brouky (Carabidae)
a pavouky (Araneae), ktefi slouzi jako vyborni bioindikatofi zmén v krajin€é. Byly
zjistény signifikantni rozdily v pocetnosti jedinci na studovanych liniich svahu,
pozorovana polohové distribuce jednotlivych spoleCenstev broukli a pavoukli vlivem
odtoku vody, ¢i zmén v zasobenosti plidy Zivinami souvisejicich s transportem ptidy. To
indikuje zna¢ny vliv vodni eroze na pidni faunu. Dal$im cilem této prace bylo testovani
rizného typu odchytu bezobratlych zivoc¢ichi a posouzeni vlivu zemédé€lského

managementu na spolecenstva ptidnich bezobratlych.

Kli¢ova slova: ptiida, degradace, eroze, Carabidae, Araneae

Tento vyzkum byl podporovan vramci NAZV QJ123066 a IGA projekti

Piirodovédecké fakulty Univerzity Palackého v Olomouci.
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Abstract

Soil degradation leads to reduced soil productivity and it has adverse effects on the
environment. Water erosion is the major factor affecting soil degradation in Europe and
in the Czech Republic. Currently, the issue of erosion is partly addressed by the
standards of the Good Agriculture and Environmental Condition (DZES), specifically
DZES 4 (Minimum Soil Coverage) and DZES 5 (Minimum Soil Management Level for
Erosion). However, these measures are not sufficient to protect soil threatened by
erosion. Therefore, we are witnessing various negative changes in the landscape and the
environment. From the soil science point of view, scientific literature provides
important information about changes in the physical, chemical and several biological
(especially microbiological) properties of soil during erosion and their negative impact
on crop production. However sufficient information about their effect on epigeic
invertebrates is lacking.

This work addresses the use of, in particular, the epigeic communities of invertebrates
as indicators of changes in the landscape. It is a multi-annual study that provides an
insight into the landscape changes that have occurred over the recent years. The
collected material comprises tens of thousands of invertebrates, of which selected
groups were determined to species level. These are mainly Carabidae and Araneae,
which are excellent bioindicators of landscape changes. Significant variation in the
abundance of individuals along the studied slope lines were found, which may indicate
the effects of selective transport of beetle and spider communities during water runoff
events, or the effects of nutrient variation related to downslope soil transport. This
indicates that soil erosion has considerable impact on the composition of invertebrate
assemblages. Another aim of this work was to test different methods of invertebrate
trapping and to asses the impact of agricultural management on soil invertebrate

communities.
Kewords: soil, degradation, erosion, Carabidae, Araneae
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1. Uvod

Pida tvofi nejsvrchnéjsi ¢ast zemského povrchu a pasobi na ni fada vnéjSich faktora
véetné eroznich procesti. Vzhledem ktomu, ze pida byvd oznacovana jako
neobnovitelny zdroj (Hosnedl, 2007), jsou procesy degradace pudy globalnim
problémem. Celosvétoveé je vodou transportovano zhruba 2,8 t ptdy/ha/rok (Borrelli et
al., 2017), v Ceské Republice spocital primérnou ztratu vodni erozi Panagos a kol.
(2015) na 2,52 t/ha/rok. Ceska Republika neni tedy vyjimkou, vodni eroze ohroZuje
zhruba polovinu plochy zemédélské pudy (Sanka et al., 2004). Ztrata pady ma
podstatny dopad na biodiverzitu populaci ptidni fauny (Pimentel, 2006). JelikoZ je puda
ptirodni zdroj, ktery je nenahraditelny, je potfeba hospodafit na ni takovym zpisobem,

aby jeji kvalita byla zachovana i pro dalsi generace.

Procesy vodni eroze na zemédé€lskych plochach souvisi predevsim s intenzifikaci
zemé&délstvi. Vyznamné se zintenzivnila od padesatych let 20. stoleti, kdy vedle vlastni
intenzifikace dochézelo ke scelovani pozemkii do vétsich celkt a likvidaci tradi¢nich
krajinnych prvki. V Ceské Republice se setkavame s nejvétsimi pudnimi bloky
v Evropé (Hrbek, 2014). Na vznik vodni eroze mé nejvétsi vliv sklon a délka svahu,
nesmime ale opomijet i dal§i faktory, které maji velky vliv na vznik tohoto
degradac¢niho procesu. Jednim z téchto faktorti je péstovani erozné nebezpecnych plodin
na pozemcich, které jsou k vodni erozi nachylné (Pasak, 1984). Nejenom, ze tyto
plodiny nedokaZi svym porostem mechanicky branit vodni erozi, ale v neposledni fadé¢
byvaji na poli jen omezeny pocet mésicu v roce. Ve chvilich, kdy na polich nenajdeme
zadny rostlinny porost, je tato ptida v nejvétSim ohrozeni. Je proto dulezité zatazovat do
osevnich postupli meziplodiny, protierozni pasy a jind agrotechnickd ¢i technicka

opatieni (Bohac et al., 2006).

Vlivem nevhodného hospodatfeni dochézi k mnoha negativnim vliviim, jako je
utuzeni pudy, ztrata organické hmoty a v neposledni fad¢ k erozi pidy rizné intenzity.
Eroze ptidy ochuzuje svrchni ¢ast pidniho profilu o jeji nejurodnéjsi ¢ast. Dale zhorSuje
fyzikéalné-chemické vlastnosti ptid a mechanicky poSkozuje rostliny. V neposledni fadé
transportuje hnojiva a piipravky na ochranu rostlin, coz vede ke znecisténi nejen

okolnich pozemkd, ale 1 vodnich zdrojt.
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Jak jiz bylo fe¢eno, je vSeobecné znamo, Ze zemedélské hospodaieni, at’ uz v jakekoliv
form¢ ovliviiuje kvalitu ptidy a tim 1 spoleCenstva zivocicht, které se v dané lokalité
nachézi. V soucasnosti je velmi dulezité sladéni produkénich a mimoprodukénich
funkci pti hospodaieni na zemédélské padé. V ramci planovani udrzitelnych systému

hospodareni jsou dulezité 1 informace o piidni bioté a procesech, které ji ovliviuji.

2. Eroze pudy
Vznik a vyvoj pudy je dlouhodoby proces, ktery trva vice nez tisice let. Na druhou

stranu znehodnoceni pidy lze provést za podstatné kratsi dobu (Santrickova, 2018).
Pida je neobnovitelnym a nenahraditelnym piirodnim zdrojem (Holy, 1994). Casto
byva oznacovana jako nejcennéj$i vlastnictvi kazdého statu. Diky zvySovani poctu
obyvatel byvaji zvySovany i naroky na padu. Clovék zacal zasahovat do piirozenych
ekosystémi a ty si zacal pozménovat k co nejvétSimu vyuzivani krajiny ve svij
prospéch (Sarapatka, 2014). Vlivem stale vétsich naroki na vynosy péstovanych plodin,
dochazi ke stale vétsi intenzifikaci zemédé€lské vyroby a tim padem i1 k pozménovani
prirozenych procesi v krajin¢ (Hylmarova, 2010). Vlivem téchto procesti dochazi k tzv.

degradaci pidy, ktera ztraci své fyzikalni, chemické, ¢i biologické vlastnosti.

Eroze pldy je degradacni proces, pii kterém dochazi ke ztratam jeji produkéni
schopnosti. Jedna se o pfirozeny proces, ktery po vzniku zemédélstvi zna¢né nabyl na
intenzité (Ulcak, 2014). Napiiklad vodni erozi je v souc¢asnosti negativné ovlivnéno vice
nez 40% zemédélskych pid v CR (Vopravil et al., 2010). V rdmci zemé&dglské praxe se
muzeme setkat s celou fadou typl eroze. Od eroze vodni, ¢i vétrné. Mezi méné znamé
typy erozi mizeme ftadit erozi zpuisobenou orbou, erozi sné¢hovou, ¢i skliziiovou. U
posledni jmenované eroze dochazi ke ztratam pudy se sklizenou plodinou. Naptiklad u
cukrové fepy muze tato eroze zplsobovat srovnatelné ztraty pudy jako vodni eroze
(Novotny a kol., 2014). V ramci naseho vyzkumu jsme se zamé&fili pfedev§im na erozi

vodni.

Pii vodni erozi dochazi k rozrusovani pudniho povrchu, transportu a sedimentaci
uvolnénych ¢astic piasobenim vody (Pokladnikova et al., 2010). Dochazi ke zmenSovani
mocnosti plidniho profilu a zemédélci prichazeji o svoji nejurodnéjsi ¢ast pudy, tedy
ornici (Vopravil, 2013). Vlivem vodni eroze dochazi nejen ke snizovani vynosu

zeméedelskych plodin, ale 1 ke Skodam v intravilanu obci pti ptivalovych desStich. Jemné
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pudni ¢astice zandSeji kanalizace a puisobi Skody na infrastruktute obci (Holy, 1994).
V neposledni fadé dochazi i ke sniZzovani prumérné ceny pudy (Némec et al., 2011).
Vodni erozi mizeme dale rozdélit na erozi plosnou, ryhovou, vymolovou a proudovou,

pfiCemz tyto typy eroze jsou od sebe velmi tézko odd¢litelné (Janecek et al., 2005).

Pribéh eroze je Casto zavisly na intenzité atmosférickych srazek. Pti prvni fazi plosné
eroze dochazi k dopadu vodnich kapek na nekryty povrch pudy. Tuto fazi popisuje Raga
et al. (2017) jako ,,splash erosion®. Pfi narazu se ¢ast vody mize odrazit az do vysky 1,5
metru (Ryzak et al.,, 2015) a muze ,odletét” od pivodniho mista dopadu az do
vzdalenosti péti metrit (Erpul et al., 2009). Nasledné se transportované ¢astice pudy
usazuji a vypliuji mezery mezi pidnimi agregaty. Pfi tomto procesu Casto dochazi
K vytvofeni velmi obtizné prostupné vrstvy na povrchu pudy. Plosny odtok byva casto
soustiedén do ryh a tim vznikd ryzkova a ryhové eroze (Janecek et al., 2005). Ryzky
maji hloubku od nékolika centimetrti a pii postupném prohlubovani piechazeji v erozni
ryhy. V nejvice erozné ohrozenych lokalitach mize dochazet k tvorbé tzv. eroznich strzi
¢i hluboké vymoly, u kterych jejich hloubka ptesahuje hranici jednoho metru (Bacova,
2018).

Na nachylnost pidy k vodni erozi plsobi cela fada faktord, od sklonitosti pozemku,
vegetatnim pokryvu, délce svahu a podobné. Dtlezité jsou i kombinace téchto
jednotlivych faktorid se stfidanim obdobi sucha a Castych destt. V poslednich letech je
snaha zaclenit do modeli 1 biologicky faktor (Orgiazzi, Panagos, 2018). Vodni erozi lze
vyjadfit i pomoci matematického modelu. Vysledna hodnota nam udavé, kolik pudy
bylo erozni Cinnosti pfemisténo z ptivodniho horizontu. Pro tyto ucely se nejcastéji
pouziva rovnice pro dlouhodobé ztraty pidy vodni erozi USLE, kterou vytvoftili

Wischmeier a Smith (1978) a jeji dalsi modifikace.
Wischmeier-Smithova rovnice: G = RXKXLXSXCxP, kde

G — primérna dlouhodoba ztraty ptidy (t/ha/rok),
R — faktor erozni G¢innosti dest (N/ha),
K — faktor erodovatelnosti ptidy, kterou vyjadiujeme v zavislosti na textufe a

struktufe ornice, propustnosti plidniho profilu a obsahu organické hmoty (t/N),
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L — faktor délky svahu,

S — faktor sklonu svahu,

C — faktor ochranného vlivu vegeta¢niho pokryvu,
P — faktor ucinnosti protieroznich opatfeni.

Tato rovnice byla odvozena se viemi jejimi parametry v USA, pro Ceskou Republiku ji
standardizoval JaneCek (2012) ve své publikaci Ochrana zeméd¢€lské pudy pted erozi.
Jedna se tedy o empirickou metodu méteni eroze pomoci velkého mnozstvi namétenych
dat. V praxi byvaji pouzivany i metody, které nejsou zaméfeny jen na statistickych
Cislech, ale pifimo na fyzikalnich vztazich a procesech. Jedna se naptiklad o modely
HydroCAD, KINFIL, WEPP a dalsi. Casto se miizeme setkat i se simula¢nimi modely
vodni eroze (Pandey, 2016).

Lze piedpokladat, ze vlivem klimatickych zmén bude velmi ¢asto dochazet k extrémnim
vykyvlim pocasi, tedy 1 ke zm&nam v rozloZeni sraZkovych uhrnd. Pro miru vodni eroze
je dulezita nejen Cetnost srazek, ale i jejich intenzita, kterd v poslednich letech nabyva
na sile. VysuSena ptida neni schopna béhem kratké chvile pojmout tak velké mnozstvi
vody a ta poté opousti zemedélské pozemky a zanechéva na nich Skody. Pro odolnost
pudy proti vodni erozi je dilezitd pfedevSim struktura pudy, jeji zrnitost a obsah

humusovych latek (Janecek et al., 2008).

Do roku 2019 Ministerstvo zemeédélstvi Castecné feSilo problematiku vodni eroze
Standardy dobrého zemédélského a environmentdlniho stavu. Konkrétné standardy
DZES 4 (Minimalni pokryv pidy) a DZES 5 (Minimalni Giroven obhospodarovani pudy
k omezovani eroze). Od 1. 1. 2019 vstoupilo v platnost nové nafizeni vlady ¢. 48/2017
Sb., novela 126/2018. Zemédé¢lci se v rdmci LPISu (Land parcel identificated system)
mohou podivat, které puadni bloky spadaji do kategorii erozni ohrozenosti.
V podkladova vrstvé ,,Eroze* se nachazeji zalozky s daty do 31.12.2018 a od 1.1.2019.
Na zakladé téchto map je zemédélec obeznamen s mirou eroze na svych pozemcich.
Pidni bloky jsou rozdéleny do tfech zakladnich kategorii na zdklad€ vypocitaného

erozniho smywu.
e Pady erozné neohrozené (NEO)
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e Pldy mirné erozné ohrozené¢ (MEQO)

e Pudy silné erozné ohrozené (SEO)

Na zaklad¢ tohoto zatazeni ptidnich blokl, musi zemédélec ucinit takova opatieni, ktera
jsou v souladu snovelou zakona. Omezeni se tykaji predev§im vyskytu souvislych

ploch erozné ohrozenych plodin a novych ptidoochrannych technologii.

3. Zemédélstvi a biodiverzita, funkce bezobratlych Zivoc€ichu

VvV agroceno6zach
Biodiverzita zahrnuje rozmanitost zivota na vSech urovnich. Kdyz mluvime o

biodiverzit¢ v zeméd¢€lstvi, myslime tim rozmanitost na zeméd¢€lskych pozemcich, at’ uz
rozmanitost druhovou, genetickou, ¢i diverzitu biotopit a ekosystémui. Zachovéni
vysoké urovné biodiverzity je dalezité z hlediska zachovani piirodnich procesu, které
jsou pro ¢lovéka velice dileZité (Sarapatka et al., 2010). Cim vétsi rozmanitost daného
prostfedi budeme udrzovat, tim miizeme predpokladat zvysSeni ekologické stability
(Altieri, 1999). Kdyz mluvime o diverzit¢ vradmci zemé&dé@lstvi, myslime tim
agrodiverzitu. Hlavnim rysem této rozmanitosti je to, ze je z velké cCasti neustile

udrzovéna ¢lovékem (Sarapatka, Hejcman, 2004).

Edafon jako celek ma celou fadu velmi vyznamnych funkci v pidé (Tao a kol., 2016).
Do pldni fauny spadaji vSechny voln¢ zijici organismy, kterou jsou aspont po urcitou
¢ast svého Zivota vazani na padu (Tuf, 2012). Do skupiny edafickych organizmi fadime
pudni bakterie, aktinomycety, houby, jednobunécné organizmy az po VéEtsi
ekosystémové inZenyry, jako jsou zizaly, ¢i mravenci (Lavelle et al., 2006). VSechny
tyto organismy tvoii tzv. Zivou slozku pudy (Tajovsky, 2008). Zivoéichy Zijici v ptidé
jde tidit do skupin podle riznych biologickych a ekologickych aspektt (Sarapatka et
al., 2010). Mezi nejpouzivané;si klasifikacni déleni je podle velikosti Zivo¢ichl a mista
vyskytu (Tuf, 2013). Padni organismy jsou nepostradatelné pii rozkladu mrtvé
organické hmoty, pfi biologicke fixaci dusiku, pii kolob&hu latek apod. (Jones, 2009).

V nasi praci jsme se zaméfili predev§im na epigeické bezobratlé zivocCichy, tedy na
spole€enstva travici pfevaZznou ¢ast svého Zivota na povrchu pidy. Typickym rysem
obdélavané plochy zemédélci, je pravidelné zpracovani pidy a tim navraceni systému

na niz8i stupen sukcese. Vradmci zemédé€lskych zasahi byva nejvice ovlivnéno
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svrchnich 15-25 cm pudy (Altieri, 1999). Tyto zasahy maji vyznamny vliv na

spolecenstva ptidnich Zivocicht.

3.1 Brouci (Coleoptera)

Je odhadovano, ze uzemi Ceské Republiky obyva témét 41000 druhii zivocichu,
z tohoto mnozstvi 99% ptipada na bezobratlé (Stluka, 2013). Brouci tvoii nejpocetnéjsi
a nejvyznamnéj$i skupinu ptidnich bezobratlych zijicich v agroekosystémech (Bohac,
1999). Piisobi na n¢ celéd tada faktort a jsou také ovlivnéni okolni krajinou (Dauber et

al., 2010).

Strevitkoviti

wev

stievlikovité (Carabidae). Celosvétové je znamo vice nez 35000 druhd téchto
jedine¢nych Zivocichti (Hiirka, 1996), z toho 518 druhti se vyskytuje na uzemi Ceské
republiky, véetné vyhynulych druhd.

Strevlikoviti jedinci velmi citlivé reaguji na kvalitativni zmény v prostiedi (Kromp,
1999). Byvaji hojné vyuzivani pii studiu ekosystémil jako modelova skupina praveé diky
své pocetnosti, tak 1 pro svou Sirokou ekologickou valenci (Kotze et al., 2011).

ey ee

stoleti (Farkac et al., 2006).

Strevlikoviti patii do podfadu masozravi (Adephaga), do fadu brouci (Coleoptera).
Jejich velikost se pohybuje od 2 milimetri do zhruba 10 centimetri, ovSem
sttedoevropské druhy se pohybuji vrozmezi 1,6 az 4 centimetry (Hurka, 2005).
Zbarveni téchto jedincii je znacné variabilni, nejcastéji mivaji tmavé barvy, ale miizeme
se setkat i s kovovymi odstiny mosazi, ¢i médi. Vyjimkou neni i zcela zluté zbarveni.
Hlava stfevlikii je kratka, protdhld a smétfuje doptedu (Zahradnik, 2008). VétSina
zastupcu této Celedi jsou noéni dravi brouci s Ustnim Gstrojim kousaciho typu, které
slouzi k uchycovani kofisti 1 zpracovani potravy (Hurka, 1996). Kusadla mivaji stievlici
casto mohutn4, na vnitini stran¢ hladka, nebo zubata (Zpévak, Kunst, 1978). Stavba téla

stievlikovitych je primarné uzpiisobena jejich stylu Zivota. VétSina druhti této celedi se
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zivi drave, jako predatoti bezobratlych, mizeme se ale setkat i s nekrofagné zivicim se
sttevlikem (Lovei, Sunderland, 1996). Jen mald cast stfevliki pak dava prednost
rostlinné potravé (napt. zastupci rodu Amara, Zabrus, Ophonus). Stievlici byvaji ¢asto
v zemédelskych systémech vnimani pozitivné, jako pfirozend ochrana proti zivoc¢iSnym
Sktidctim (Holland a Luff, 2000). Urcitou ochranu nalezneme i u stievlikl Zivicich se
rostlinnou potravou, predevSim plevelnatymi druhy (Hon¢k a Jarosik, 2000). Povrch
téla je pomérné silné sklerotizovan a tim chrani jedince pted mechanickym poskozenim.
Jejich béhavé nohy jim zabezpecuji rychly pohyb a zivot dravce. Jen malokdy se
setkavame s létavymi druhy stfevliki, mnozi znich maji totiz zkracena kiidla
(brachypterni). U nékterych druhti nejsou kiidla vyvinuta viibec — druhy apterni (Gabris,
rozmanitost. Dle Trautnera a Geigenmdillera (1987), jsou jednotlivé populace
sttevlikovitych tak dlouho izolovany, Ze se po dostate¢né¢ dlouhé dobé mohou
v nékterych znacich liSit. Dle denni aktivity této skupinu zivocichl lze usoudit, Ze se
jedna piedev$im o no¢ni dravce. Setkame se ale i s druhy, které jsou aktivni po cely
den, nebo napiiklad pfimo vyzaduji sluneéni oslunéni — zéstupci rodu Cicindela
(Gabris, 2012).

Tato skupina zivocichll je velmi rozmanitd, co se tyce ndrokd na Zivotni prostiedi.
Nalezneme mezi nimi druhy stenotopni, tedy druhy obyvajici malou plochu, vétsinou
specialnich stanovist. Tyto ekosystémy byvaji vétSinou pfirozené, nebo jen v malé mite
ovlivnéné ¢lovékem. Dale se muzeme setkat s druhy adaptabilnimi, které maji vysokou
schopnost se ptizptsobit danému prostiedi. V neposledni fadé se setkdvame s druhy
eurytopnimi, bez zvlastnich narokd na prostiedi. Tyto typy stfevlikovitych mohou
obyvat i Casto nestabilni typy ekosystémi, Casto do zna¢né miry ovliviiované lidskou
¢innosti (Hurka, 1996). Neékteré druhy (reliktni, adaptabilni) maji schopnost citlivé
reagovat na zmény vlivem antropogennich Cinnosti (Kromp, 1999). Stfevliky tedy
nalezneme na nejriznéjSich typech stanovist, od motského pobiezi, aZ po vysoké hory,
od suchych stanovist’, az po ty dlouhodobé zamokiena. VétSina druhi je epigeicka, tedy
zije na povrchu pudy, nejCastéji v hrabance, ¢i pod kameny. Nékteré druhy miizeme

nalézt i na stromech, pod kiirou, ¢i v trouchnivéjicim dieveé (Huarka et al., 1996).
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3.2 Pavouci (Araneae)
Pavouci tvofi vyznamnou skupinu bezobratlych predatort, které mizeme nalézt ve

velmi rozmanitych biotopech. Topping a Sunderland (1994) odhaduji populacni hustotu
pavoukil na evropskych obilnych polich na 2-600/m2. U evropskych jednoletych plodin
je tato hodnota 92 jedincti pavoukti na m? (Nyffeler, Sunderland, 2003). Jejich vazba
K ur¢itému stanovisti byva také hojné vyuzivana pro biologické studie. Celosvétove
bylo popsano vice nez 40 000 druhi pavoukid (Platnick, 2014). Na tizemi Ceské
republiky je znamo 866 druhti pavoukl (Rizicka, Buchar, 2008). VétSina téchto druht
je epigeickych. V agrocendzach zastavaji tilohu vyznamnych regulatorta $kadcu, ktefi
jako celek mohou snizit Skodu na Grodé (Symondson et al., 2002). VétSina pavoukd,
véetné téch, se kterymi jsme se setkali béhem naseho vyzkumu, neni potravné
specializovana, jsou tedy schopni lovit Sirokou $kélu koftisti (Reza¢ et al., 2010). Jejich
pocetnost na daném mist€¢ neni zavisld na populacni dynamice Skidce. Setrvavaji na
misté i za jeho nepfitomnosti a pii jeho piipadném pfemnozeni jsou pfipraveni zakrocit.
Pti jarnich vyskytech Sktdct je tento ,,vyrovnavaci efekt mezi zemédélci ocefiovan

(Clarke, Grant, 1968).

4.Zavér

Zemé&dglské plochy jizni Moravy patii mezi nejvice erozné ohrozené pudy v Ceské
republice. K této skute¢nosti piispiva cela fada faktort, v¢etné antropogennich. Tato
prace se zabyva pravé ¢innostmi ¢lovéka, které zasahuji do ekosystému poli a v ur€itém
sméru je pozménuji. SpoleCenstva pudnich bezobratlych maji v agroekosystému
nezastupitelnou roli. Veskeré disturbance, se kterymi se mizeme na polich setkat, se
kauzalné projevi na pocetnosti, ¢i druhovém slozeni piidni fauny. Nesmime opomenout,
ze na edafon plsobi jesté cela tada jinych, nez antropogennich faktort.
Neopomenutelnymi ¢initeli jsou klimatické podminky, heterogenita prostiedi, ptidni typ
a tada dalSich. Veskeré tyto vlivy bychom méli hodnotit komplexné¢ na zakladé

matematickych analyz.

Prvni ¢ast této prace je zamétfena na posouzeni vlivu zemé&délského managementu na
spoleCenstva plidnich bezobratlych. Ekologické i konvenéni postupy hospodateni se
neli§i pouze mnoZstvim pesticidnich postiiki, ale 1 agrotechnickymi a dalSimi zasahy,

které maji nezanedbatelny vliv na spolecCenstva edafonu. Jak jiz bylo feceno, je dulezité
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zvazovani jednotlivych agrotechnickych zasaht v zavislosti na klimatickych
podminkach ro¢niku a ekologickych aspektech dané lokality. Spravné nacasovani a
managementu. V neposledni fadé¢ je dilezit¢é podporovat udrzitelnost naseho
hospodarstvi a volit natolik Setrné postupy, aby byla ptida zachovana i pro dalsi

generace.

Druhé ¢ast mé prace se vénuje riznym typtim odchytu ptadnich bezobratlych, predev§im
stonozek a mnohonozek. Instalace navnadovych pasti nam dava moznost odchytit
jedince, ktefi alespon ¢ast svého zivota travi pod povrchem plidy. Kombinace pasti na
epigeicka spoleCenstva s pastmi zachycujici ZivoCichy pod pidnim povrchem ndm
pfinese piehled o pudnich spolecenstvech v celém kontextu. Dulezitym aspektem je také
nacasovani instalace téchto pasti vzhledem k terminim agrotechnickych zasahti na
danych lokalitich. V neposledni tadé, podzemni pasti mély v naSem vyzkumu

podobnou ucinnost, jako odebirani pidnich vzorki.

V posledni ¢asti své vyzkumné Cinnosti, ktera se vénovala zhodnoceni vlivu vodni eroze
na pudni bezobratlé, jsme se opét zaméfili na studium epigeickych spolecenstev.
Predev§im diky vyborné bioindika¢ni schopnosti stfevlikii a pavoukidl jsou patrné
rozdily mezi plochami, kde ptfevlada akumulace a plochami, které jsou ovlivnény
eroznim smyvem. Obecné miizeme konstatovat, ze vétsi mnozstvi ptidnich bezobratlych
jsme nalezli v depozi¢ni ¢asti, kde je splavovan pidni material z vysSich ¢asti svahu.
Diky tomu mohou byt vrchni linie o tyto jedince ochuzeny, coz muze spustit fadu
negativnich procest. Erozni ¢innost zplsobuje omezeni, az uplnou ztratu produkénich
schopnosti. Je to pfirodni proces, ktery nelze Uplné zastavit, ale lze ve vétSi mife
potlacit, zvlasté pak na plochach, které jsou tizené ¢lovékem. V poslednich letech, kdy
dochazi k ¢astym klimatickym extrémim, je potieba zaméfit své Usili i na podporu boje
proti pudni erozi pfedev§sim vhodnymi opatfenimi organizacniho charakteru az po

opatteni technického razu.

Do budoucna by bylo vhodné zacilit vyzkum i na dalsi spole¢enstva edafonu a na dalsi

typy poli.

129



5. Literatura

Altieri, A. M. 1999. The ecological role of biodiversity in agroecosystems. Agriculture,

Ecosystem and Environment, Vol. 74, p. 19 — 31.

Bacova M. 2018. Monitoring projevii vodni eroze na zeméd¢€lskych plochach.

Dizerta¢ni prace. Ceské vysoké uéeni technické v Praze.

Bohac¢, J. 1999. Staphylinid beetles as bioindicators. Agriculture, Ecology and
Environment, Volume 74, Issues 1-3, pp. 357-372.

Bohag, J., Moudry, J., Desetova, L. 2006. Biodiverzita a zeméd¢lstvi. Biodiversity and
Agriculture. Vol. 41, No. 1, p. 24-29.

Borrelli, P., Robinson, D. A., Fleischer, L. R., Lugato, E., Ballabio, C., Alewell, C., ...
Panagos, P. 2017. An assessment of the global impact of 21st century land use
change on soil erosion. Nature Communications, 8,
https://doi.org/10.1038/s41467-017-02142-7.

Clarke R. D., Grant P. R. 1968. An experimental study of the role of spiders as
predators in a forest litter community. Part 1. Ecology 49 (6): 1152-1154.

Dauber, J., Jones, M. B., Stout, J. C. 2010. The impact of biomass crop cultivation on
temperate biodiversity. GCB Bioenergy, vol. 2, pp. 289 - 309.

Erpul G., Gabriels D., Cornelis W. M., Samray H. and Guzelordu T. 2009. Average
sand particle trajectory examined by the Raindrop Detachment and Wind-driven
Transport (RD-WDT) process. Earth Surface Processes and Landforms. 34(9),
1270-1278.

Farkac J., Kopecky T. & Vesely P. 2006. Vyuziti stievlikovitych brouka (Coleoptera:
Carabidae) fauny Slovenska k indikaci kvality prostiedi. Carabid beetles
utilization (Coleoptera: Carabidae) of Slovak fauna for quality environment
indication. Ochrana prirody (Nature conservation) 25: 226-242. [ISBN 978-80-
89035-78-6] (In Czech, English summary).

130


https://doi.org/10.1038/s41467-017-02142-7

Fernandez-Raga M., Palencia C., Keesstra S., Jordan A., Fraile R., Angulo-Martinez M.
and Cerda A. 2017. Splash erosion: A review with unanswered questions. Earth-
Science Reviews. 171, 463-477.

Gabri$ R. 2012. Vliv environmentalnich faktorti a managementu na stievlikovité brouky
v prostiedi podhorskych luk a pastvin. Diplomova prace. Univerzita Palackého

v Olomouci, Pfirodovédecka fakulta.

Holland J. M., Luff M. 2000. The effects of agricultural practices on carabidae in

temperate agroecosystems. Integrated Pest Management Reviews. 5: 109-129.

Holy, M. 1994. Eroze a zivotni prostfedi. Praha: vyd.CVUT. 383 s, ISBN 80-01-
01078-3.

Honék A., JaroSik V. 2000. The role of crop density, seed and aphid presence
indiversification of field communities of Carabidae (Coleoptera). European
Journal of Entomology. 97: 517-525.

Hurka K., Vesely P., Farakac¢ J. 1996. VyuZiti stfevlikovitych (Coleoptera: Carabidae) k
indikaci kvality prostiedi. Klapalekiana. 32: 15-26.

Hylmarova, J. 2010. Ochrana pidy pted negativnimi vlivy zemédélské vyroby. [Brno
(CZ)]: Masarykova univerzita v Brné. 67 pp.

Hrbek, J. 2014. Strukturilni Setfeni v zem&d&lstvi 2013. Cesky statisticky tistav. Praha.
[on-line] [cit. 15. 8. 2016].

Hurka K. 1996. Carabidae of the Czech and Slovak Republics. 1. vyd. Zlin: Kabourek.
565 pp.

Hirka K. 2005. Brouci Ceské a Slovenské republiky. 1. vyd. Zlin: Kabourek. 390 pp.

Janecek M., Bohuslavek J., Dumbrovsky M., Gergel J., Hradek F., Kovéar P., Kubatova
E., Pasdk V., Pivcova J., Tippl M., Toman F., Tomanova O. and Vaska J. 2005.
Ochrana zeméd¢lské pidy pied erozi. ISV nakladatelstvi, Praha.

Janetek M. a kol. 2008. Ziklady erodologie. 1. vydani. Praha. Ceskd zemé&dglska
univerzita v Praze. 165 s. ISBN 978-80-213-1842-7.
131



Janecek M. 2012. Ochrana zeméd¢lské pudy pied erozi. powerprint s.r.o., Praha.

Jones, A., Stolbovoy, V., Rusco, E., Gentile, A. R., Gardi, C., Marechal, B.,
Montanarella, L. 2009. Climate change in Europe. 2. Impact on soil. A review.
Agron. Sustain. Dev., 29: 423-432.

Kotze J., Brandmayr P., Casale A., Dauffy-Richard E., Dekoninck W., Koivula M.J.,
Lovei G.L., Mossakowski D., Noordijk J.,Paarmann W.,Pizzolotto W., Saska P.,
Schwerk A., Serrano J., Szyszko J., Taboada A.,Turin H., Venn S., Vermeulen
R., Zetto T. 2011. Forty years of carabid beetle research in Europe — from
taxonomy, biology, ecology and population studies to bioindication, habitat

assessment and conservation. ZooKeys 100: 55-148.

Kromp B. 1999. Carabid beetles in sustainable agriculture: a review on pest control
efficacy, cultivation impacts and enhancement. Agriculture, Ecosystems and
Environment. 74: 187-228.

Lavelle, P., Decaéns, T., Aubert, M., Barot, S., Blouin, M., Bureau, F., Margerie, P.,
Mora, P., and Rossi, J. P. 2006. Soil invertebrates and ecosystem services, Euro.
J. Soil Biol., 42, S3-S15.

Lovei, G. L., Sunderland, K. D. 1996. Ecology and behavior of grand Beatles
(Coleoptera: Carabidae), anual review of entomology. Volume: 41, pp. 231-256.

Némec, J., a kol. 2011. Pozemkové upravy. Usti nad Labem: vyd. Univerzita Jana
Evangelisty Purkyné v Usti nad Labem Fakulta Zivotniho prostiedi. 131s, ISBN
978-80- 7414-373-1.

Novotny, L. a kol. 2014. Piiru¢ka ochrany proti vodni erozi. Praha: VUMOP, Mze,
Dostupné z.
<http://eagri.cz/public/web/file/293635/MZE_prirucka_vodni_eroze.pdf >.

Nyffeler M., Sunderland K. D. 2003. Composition, abundance and pest control potential
of spider communities in agroecosystems: a comparison of European and US

studies. Agriculture, Ecosystems & Environment 95: 579-612.

132



Orgiazzi A, Panagos P. 2018. Soil biodiversity and soil erosion: It is time to get
married. Global Ecol Biogeogr.; 27:1155-1167. https://doi.org/10.1111/
geb.12782.

Panagos, P. Borelli, P., Poesen, J., Ballabio, C., Lugato, E., Meusburger, K., ...,
Alewell, C. 2015. The new aseessment of soil loss by water erosion in Europe.

Environmental Science and Policy. 54, 438-447.

Pandey A., Himanshu S. K., Mishra S. K. and Singh V. P. 2016. Physically based soil
erosion and sediment yield models revisited. CATENA. 147, 595-620.

Pasak V. 1984. Ochrana pudy pted erozi. SZN Praha, 284 s. Rostlinnd vyroba. Statni

zemédélské nakladatelstvi.

Pimentel, D. 2006. Soil erosion: A food and environmental threat. Environment,
Development and Sustainability, 8, 119-137. https://doi.org/10.1007/s10668-
005-1262-8.

Platnick, N. 1. 2014. The world spider catalog, version 14.5. American Museum of
Natural History, online at
http://research.amnh.org/entomology/spiders/catalog/index.

Pokladnikova, H., Podhrdzsk, J., Novotny, I., Stfeda, T. 2010. Eroze pidy na jizni
Moravé. Cesky hydrometeorologicky tustav a Vyzkumny tstav melioraci a

ochrany ptudy, Brno. ISBN 978-80-86690-79-7.

Ruzicka, V., Buchar, J. 2008. Dodatek ke katalogu pavouki Ceské republiky 2001—
2007. Sbornik Oblastniho muzea v Most¢, fada ptirodovédna 29-30: 3-32.

Ryzak M., Bieganowski A., Polakowski C. 2015. Effect of Soil Moisture Content on the
Splash Phenomenon Reproducibility. PLoS One. 10(3), e0119269.

Rezaé M., Pekar S., Stara J. 2010. The negative effect of some selective insecticides on
the functional response of a potential biological control agent, the spider
Philodromus cespitum. BioControl 55 (4): 503e5010.

133


https://doi.org/10.1007/s10668-005-1262-8
https://doi.org/10.1007/s10668-005-1262-8

Séiika M., Materna J. 2004. Indikatory kvality zemédélskych a lesnich ptid CR. Planeta.
Odborny ¢asopis pro Zivotni prostiedi. Ministerstvo zivotniho prostfedi. Ro¢nik

XII, ¢islo 11/2004. ISSN 1213-3393.

Symondson W. O. C., Sunderland K. D., Greenstone M. H. 2002. Can generalist
predators be effective biocontrol agents? Annual Review of Entomology. 47:
561-594.

Stluka P. 2013. Vliv managementu na biodiverzitu lesnich ekosystémi -. epigeicti
brouci na vybranych biotopech Pisecka. Diplomovéa prace. JihoCeska univerzita

v Ceskych Budgjovicich, Zemédélska fakulta.

Santrackova, H., Kastovska,E., Barta, J., Miko, L., Tajovsky K. 2018. Ekologie pudy.
Ceské Budgjovice: Jihoteska univerzita v Ceskych Budgjovicich. ISBN 978-80-
7394-695-1.

Sarapatka B., Hejcman M. .2004. Diverzita a ekologické zemé&dglstvi. MZP CR. p. 48.

Sarapatka B., a kolektiv 2010. Agroekologie: vychodiska pro udrZitelné zemédélské
hospodateni. Olomouc: Bioinstitut. 440 pp.

Sarapatka, B. 2014. Pedologie a ochrana pidy. Olomouc: Univerzita Palackého
v Olomouci — 232s. 1. vydani. ISBN 978-80-244-3736-1.

Tajovsky, K. 2008. Pudni fauna. Soil fauna. — In: Jongepierova I. [ed.], Louky Bilych
Karpat, Grasslands of the White Carpathian Mountains, ZO CSOP Bil¢ Karpaty,
Veseli nad Moravou, 199-226 pp.

Tao, H. H., Slade, E. M., Willis, K. J., Caliman, J. P.,Snaddon, J. L. 2016. Effects of
soil management practices on soil fauna feeding activity in an Indonesian oil

palm plantation. Agriculture, Ecosystems and Environment, 218: 133-140.

Topping C. J., Sunderland K. D. 1994. Methods for quantifying spider density and

migration in cereal crops. Bulletin British Arachnological Society 9: 209-213.

Trautner J., Geigenmdller K. 1987. Tiger beetles, ground beetles. Illustrated key to the
Cicindelidae and Carabidae of Europe. TRIOPS Verlag, Aichtal, 487 pp.

134



Tuf, I. H. 2012. Padni bezobratli. [Soil Invertebrates.] In: Machar, I., Drobilova, L. a
kol.: Ochrana piirody a krajiny v Ceské republice, vybrané aktualni problémy a

moznosti jejich feseni. Univerzita Palackého v Olomouci, Olomouc: 613-625.

Tuf, I. H. 2013. Praktika z puadni zoologie. Vydavatelstvi Univerzity Palackeho v
Olomouci, Olomouc.

Ulcak, Z. 2014. Hospodateni v krajiné: Vybrané kapitoly. Masarykova univerzita.
Fakulta socialnich studii, Brno. Muni press. 83 s. dostupné z:
http://humenv.fss.muni.cz/wpcontent/uploads/U1%C4%8D%C3%A1k_Hospoda
%C5%99en%C3%AD-v-krajin%C4%9B _ekniha.pdf.

Vopravil, J., a kol 2010. Pada a jeji hodnoceni v CR, Dil I. Praha: vyd. VUMOP, v.v.i.
148 s, ISBN 978-80-87361-05-4.

Vopravil J., Khel T., Havelkova L. and Batysta M. 2013. Studie zabyvajici se zakladni
problematikou eroze pudy a jejim soutasnym stavem v Usteckém a

Jihomoravském kraji Ceské republiky. SOWAC, s. r. 0., Praha.

Wischmeier, W. H. D. 1978. Predicting Rainfall Erosion Losses — A Guide Book to
Conservation Planning. ARG. Handbook No0.537, US Dept. Of Agriculture,
Washington.

Zahradnik J. 2008. Brouci. Praha: Aventinum, 288 s., IBSN 9788086858432.

Zpévék J., Kunst M. 1978. Atlas bezobratlych. Praha: SPN. Obrazov¢ atlasy pro

vSeobecné vzdélavaci skoly. ISBN (Broz.).

135


http://humenv.fss.muni.cz/wpcontent/uploads/Ul%C4%8D%C3%A1k_Hospoda%C5%99en%C3%AD-v-krajin%C4%9B_ekniha.pdf
http://humenv.fss.muni.cz/wpcontent/uploads/Ul%C4%8D%C3%A1k_Hospoda%C5%99en%C3%AD-v-krajin%C4%9B_ekniha.pdf

