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Abstrakt

LAazoriKk M., 2016. Moznosti uziti Chilopoda, Diplopoda a Isopoda:Oniscidea
k bioindikaci relativné trvalych ekologickych podminek smrkovych a bukovych
ekosystémi Moravskoslezskych Beskyd., Disertacni prace, MZLU v Brné, 166 s.

V lesnickém managementu je v dlouhodobém planovani vyuzivana lesnicka typologie.
Jejim zakladem je lesni typ, ktery piedstavuje relativné trvalou biocendzu
s fytocenologickou podobnosti. Zakladem je poznéni synuzie podrostu (rostlinné slozky)
doplnéné o ekologické (stanoviStni) charakteristiky. Na zmény vyvoje ekologickych
faktori v ekosystému citlivé reaguje Zzivocisnd slozka spiSe nez rostlinna. Proto je
dlouhodobou snahou poznani bioindikacni zivocisné slozky, kterd reaguje rychleji nez
flora na vyvolané zmény v ekosystému.

V siti 38 lokalit zahrnujici 12 souborti lesnich typt byl zhodnocen vyskyt Diplopoda,
Chilopoda alsopoda: Oniscidea (metoda zemnich pasti, 16,189 ex., 39 druhd).
K vymezeni environmentalnich charakteristik bylo uzito 30 meteostanic, vyuzit byl
podrobny pedologicky prizkum vcetné chemismu pudy a fytocenologicky prizkum.
Ziskana data byla zpracovana analyzou MNDS, PCA a CCA. NejvyznamnéjSim faktorem
byl pokryv bylinnou vegetaci, obsah Ca, Mg v pudé. Vyznamny byl i vliv souboru
lesnich typti, kde pomoci analyzy CCA bylo stanoveno celkové rozlozeni jednotlivych
druhti. VSechny skupiny druhtt Diplopoda, Chipoloda a Isopoda: Oniscidea byly
vyhodnoceny jako vyznamné v bioindikaci v lesnich ekosystémech. Chilopoda
a Diplopoda umoznila charakterizovat kazdy soubor lesnich typli konkrétnim druhem.
Isopoda dobie vymezila lokality s vysokou hladinou vody a procesem tvorby raseliny.
Vzhledem k naro¢nym pozadavkim na indikatory prostiedi byl pomoci metody Indicator
value stanoven Lithobius nodulipes bioindikatorem pro soubor lesnich typt 5L (montanni
jasanova olsina) a Lithobius pelidnus na 5Y (sleketova jedlova bucina). Také vyznamné
postaveni mél druh Hyloniscus riparius a Ligidium hypnorum na 6 O/R (svézi raselinna

smréina).

Klic¢ova slova: Chilopoda, Diplopoda, Isopoda: Oniscidea, soubor lesnich typu, padni

vlastnosti, klimatické faktory, Moravskoslezské Beskydy



Abstract

LAazorik M., 2016. Possibility Chilopoda, Diplopoda and terrestrial isopods to
bioindication relatively permanent ecological conditions of spruce and beech ecosystems
Moravian-Silesian Beskids Mts., Doctoral Thesis, MZLU in Brno, 166 pp.

In forest management, forest typology is often used in long-term planning. Its basic is
forest site, which represents a relatively permanent biocoenosis with phytocoenological
similarities. The basis of knowledge is synusia undergrowth (plant components),
accompanied by ecological (habitat) characteristics. To changes in the development of
ecological factors in the ecosystem is sensitive animal ingredients, than plants. Therefore,
the long-term effort of knowledge bioindicative animal ingredients, which reacts faster
than the flora on induced changes in the ecosystem.

In the network of 38 localities covering 12 forest site complex, occurrence of millipede,
centipede and terrestrial isopoda was investigated (a method of pitfall traps, 16,189 ex.,
39 species). In order to speciy of environmental characteristics, data from 30 weather
stations were used, detailed pedological ressearch including soil chemistry and
phytocoenological research were carried out. Obtained data were processed by MNDS,
PCA and CCA analyses. The most significant factor were coverage by herbaceous
vegetation and contents of Ca, and Mg in soil. Distribution of the individual species in
relation to different forest site complexes was determined by CCA analysis. All three
studied groups of species, i.e. millipedes, centipedes and terrestrial isopods, were
evaluated as significant for bioindication within the forest ecosystems. Centipedes and
millipedes enabled us to associate each FSC with a specific species. Terrestrial isopods
indicated well the localities with high groundwater level and the process of peat
formation. Due to the strict requirements indicator pros'tredi was using the methods set
value Indicator type Lithobius nodulipes on a forest site complex 5L (Montane Ash-
Alder) and Lithobius pelidnus to 5Y (Skeletal Fir-Beech) bioinikator. Also important
position had the second Hyloniscu riparius and Ligidium hypnorum 6 O/R (Nutrient-

medium Peat Spruce).

Keywords: Chilopoda, Diplopoda, terrestrial Isopods, forest site complex, soil

properties, climatic factors, Moravian-Silesian Beskids Mts.
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1. Uvod

Cesky lesnicky typologicky klasifikaéni systém vytvofeny za ucelem diferenciace
lesnického hospodafeni na ekosystémovém zaklad¢ klasifikuje (relativné) trvalé
ekologické podminky. Nejnizsi jednotkou klasifikacniho systému je lesni typ, ktery se
teoreticky shoduje s definici Zlatnika (1956): ,,Je to soubor lesnich biocendz, ptivodnich
1 zménénych, a jejich vyvojovych stadii, v¢etné prostiedi, tedy geobiocendz k sobé
patficich.” Jako zakladni klasifika¢ni jednotkou jsou dnes vnimény soubory lesnich typt
»SLT* (Pliva 1971, 1991). Soubory lesnich typl jsou kombinaci (lesniho) vegetacniho
stupné (L)VS a edafické kategorie (EK). Pod pojmem stupiiovitost vegetace (kolektiv
1995) se rozumi jev zmény druhové skladby ptirodnich fytocen6z vcetné jejich
edifikatort se zménou makroklimatu ve vertikdlnim sméru v ur¢itém geografickém
celku. Piestoze geobiocendza (Zlatnik 1954) vyjadiuje jednotu biocenodzy s jejim
prostiedim, jsou jednotlivé  Kklasifikaéni  jednotky tradicné  systematicky
charakterizovany, na Urovni biocendzy, vyhradné florou a vegetaci, i pfestoze jsou
vazby mezi geobiocenologickymi klasifikaénimi jednotkami (resp. aktudlnimi
geobiocendzami) a dil¢imi zoocendzami sledovany jiz fadu desetileti (napf. Stolina
2000, Kralicek a Povolny 1978, Sustek a Povolny 1980, Holuga 2003). Zivoéisna slozka
vzhledem ke své pohyblivosti reaguje pomérné rychle na zmény ve stanovistnich
podminkach a ekologickych faktorech (Vasatko 2000, Wolters et al. 2000, Blackburn et
al. 2002, Wardle et al. 2004). I kdyz fauna bezobratlych je mnohem rozmanitéjs$i nez
rostlinnd, jeji vyuZiti je zavislé na jejim ziskdni objektivnimi a srovnatelnymi metodami
v dlouhodobéj$im casovém horizontu s navazujicim zpracovanim a interpretaci.
V dusledku Sirokého spektra druhd se jevi jako limitujici determinace do druhové
urovné, ptipadné na vyssi taxonomické jednotky (Vasatko 2000). Zastoupeni zivocichl
v geobiocendzach je limitovano nejen klimatickymi podminkami, ale i rostlinnym
spolecenstvem nebo jen konkrétnim rostlinnym edifikatorem. I pfestoze Zivocichové
nemusi byt pfimo troficky zéavisli na edifikatorech, obyvaji biotopy, které edifikator
vytvaii a kde mulZe ZivociSnad slozka nalézt potravu, napf. souvrstvi organickych
horizontl. Vymizeni nebo ustup edifikatora vyvolava zmény v populacni hustoté
zivocicha. Mezi vyznamné faktory charakterizujici stanoviStni podminky a prosttedi pro
vyvoj a aktivitu pudni a epigeické faunu se fadi predevsim pldni vlhkost. Vzhledem
Kk existujici omezené siti klimatickych stanic vétSinou nezbyva nez pro vyzkum

stanoviStnich poméra pouZit hrubd interpolovand data (Havlicek et al. 1986). Tyto udaje



jsou vSak pro detailni studium ekologickych zékonitosti na konkrétnich stanovistich
zcela nepouzitelné. Pro zhodnoceni rozdili mezi jednotlivymi typy stanovist’ je tieba
rozhodné postihnout alesponi nékteré mikroklimatické charakteristiky, z nichz
k nejvyznamnéj$im patii dynamika teploty pudy a vzduchu a také dynamika zmén
vlhkosti pudy. Na zakladé téchto poznatki byly v Moravskoslezskych Beskydech
vybrany plochy s rozdilnym geobiocénem (souborem lesnich typt), na kterych probiha
odchyt bezobratlé epigeické fauny pomoci metod vhodnych k odbéru té které skupiny.
Aby bylo mozné rozdélit jednotlivé zastupce do bioindikacnich skupin, je zapotiebi

prozkoumat jednotlivé plochy z pohledu vlivu prostfedi na zoofaunu.

2. Cile prace
Cile disertacni prace byly rozdéleny do né¢kolika bodii a formou jednotlivych

publikaci predkladany vystupy jejich feSeni:

Stanoveni druhového slozeni populace. Zakladnim cilem bylo specifikovat
faunisticky piehled vyskytujicich se druhti metodou zemnich pasti, individualniho
odchytu a pomoci tullgrénii a konfrontovat jej s dosavadnimi poznatky ze studované¢ho

uzemi Moravskoslezskych Beskyd.

Zjistit vliv smrkovych a bukovych porosti na velikost a strukturu populace
Chilopoda, Diplopoda a Isopoda. Cilem bylo vymezit vliv dfeviny dominantné
zastoupené v lesnim porostu na velikost a dynamiku populace. Zakladem feSeni byla
konfrontace cendz zachycenych v relativné shodnych stanovistnich a podminkach, ale

s rozdilnou dievinou tvofici lesni porost.

Vymezeni fauny Chilopoda na kmenech a vétvich nékterych dievin v minulosti
imisnemi naruseném uzemi Krusnych hor a Décinské vrchoviny. Metodou sklepavani
byli nalezeni nékteti zastupci v porostech nahradnich dievin v imisni oblasti. Z pohledu

pudni fauny se jedna rozsifeni poznatkl arborikolni povahy u nékterych druht.

Zjisteni viivu pudniho typu, formy nadlozniho humusu a nadmorské vysky na
populaci. Na jednotlivych vyzkumnych plochach byl podrobnym pedologickym
vyzkumem stanoven pudni typ a forma nadlozniho humusu. Pomoci téchto rozdilt byla
analyzovéana velikost populace a druhové slozeni zoocendzy odpovidajici jednotlivym

pudnim typtim a form¢ humusu.



Zjisténi vlivu skeletu, zrnitosti, pudni reakce, vihkosti a chemickych vlastnosti
pudy na velikost a rozmanitost populace. Pii podrobném pedologickém prizkumu byly
laboratorné stanoveny fyzikalni a chemické vlastnosti piid. Cilem bylo popsat vztahy

jednotlivych druhti v ndvaznosti na pidni vlastnosti.

Zjisteni vlivu klimatickych faktorii na velikost populace. Soucasti vyzkumu bylo
dlouhodobé sledovani mikroklimatickych podminek na vyzkumnych plochach. Cilem
bylo vyhodnotit mozny vliv teploty a vlhkosti na velikost populace a jeji dynamiku

Vv redlnych podminkéch lesniho porostu.

Vymezit moznost uziti Chilopoda, Diplopoda a Isopoda: Oniscidea jako
bioindikatoru souboru lesnich typii V lesnich ekosystémech. Nosnym cilem bylo
prokdzat, jestli zooedafickd slozka ekosystému muze byt nastrojem k identifikaci

relativné trvalych ekologickych podminek.

3. Literarni prehled

3.1. Vyuziti zooceno6zy bezobratlych k bioibdikaci
Geobiocenologické vazby jsou slozitym komplexem, ktery lze poznat, jestlize bude

fauna sledovéna dlouhodobé v celé Sifi druhového spektra v jasné definovanych
podminkach a v navaznosti umoziujici ovétit zobecnéni pro dalsi izemi. Komplexnost
a jeji efektivita je dana nejen kvalitné zvolenym tzemim ke sledovani, ale 1 vhodnosti
metod sbéru a zajisténi spoluprace sirokého tymu entomologi a zoologu pro determiaci.
Modelové skupiny bezobratlych zastupcti musi splitovat pét zakladnich kritérii: maly
pocet druhti, dobrda znalost ekologickych ndrokli jednotlivych zéstupcd, snadna
dostupnost sbéru materialu, dostatecna pocetnost v geobiocendze nejlépe se sniZzenou
pohyblivosti, determinovatelnost. Z pohledu pohyblivosti povazuje Sustek (1976)
stievlikovité jako mén€ vhodné, zatimco Vasatko (2000) je tadi mezi vhodné
bioindika¢ni skupiny. Pisivky, které jsou vysoce vazany na hlavni edifikatory, lze uzit
k bioindikaci lesnich geobiocendz, jestlize je zachyceno alespon 500 exemplaia

Vv lokalité (Holusa 2003).

Vyhodou Zivocisné slozky je jeji citlivost a bezprosttedni reakce na zmény
ekologickych faktorti, pfedev§im abiotickych. Pro studium zivocichli v lesnich
geobiocendzach na vétsing izemi CR je Cesky lesnicky typologicky klasifikagni systém

vhodny, nebot” pro syntézu poskytuje podpurné podklady fytocenologické, pedologické



a Casteténé bioklimatické (Sustek 1993). Zastoupeni Zivodichll v geobiocendzach je
limitovano nejen klimatickymi podminkami, ale i rostlinnym spole¢enstvem nebo jen
konkrétnim rostlinnym edifikatorem. I pfestoze zivocCichové nemusi byt pfimo troficky
zavisli na edifikatorech, obyvaji biotopy, které edifikator vytvari a kde mize zivocisna
slozka nalézt potravu, napt. souvrstvi organickych horizonti (Jabin 2008). Vymizeni
nebo Gstup edifikatoru vyvolava zmény v populacni hustoté zivocicha. Mezi vyznamné
faktory charakterizujici stanoviStni podminky a prostiedi pro vyvoj a aktivitu padni
a epigeické fauny se fadi predevsim ptidni vlhkost. Vzhledem k existujici omezené siti
klimatickych stanic vétSinou nezbyva nez pro vyzkum stanovisStnich poméra pouzit
hruba interpolovana data (Havlicek et al. 1986). Tyto udaje jsou vSak pro detailni
studium ekologickych zakonitosti na konkrétnich stanovistich zcela nepouzitelné. Pro
zhodnoceni rozdili mezi jednotlivymi typy stanovist je tfeba rozhodné postihnout
alespont nckteré mikroklimatické charakteristiky, z nichz k nejvyznamnéjSim patii

dynamika teploty piidy a vzduchu a také dynamika zmén vlhkosti pady.

Prvni, kdo pouzil SLT pro studium lesnicky vyznamnych ,Skadcti“ v lesnich
geobiocendzach, byl Stolina (1959). V oblasti Slovenska v celé¢ skile VS vymezil
arajonizoval gradacni oblasti ne¢kterych druhti v zavislosti na SLT (napt. obalece
jedlového Choristoneura muriana (Hiibner, 1799), obale¢e modiinového Zeiraphera
diniana Guénée, 1845. Uvadi, ze na zaklad¢ znalosti klimatickych charakteristik SLT
lze pak urcit i klimatické optimum pro hmyzi skudce. U nekterych vyznamnych druht
zjistil frekvenci vyskytd v riznych SLT. V pozdé¢jsich pracich Stolina (1975)
konstatuje, Ze velmi vyznamnou roli v biocenotickych procesech ma fytofagni hmyz,
ktery ovliviluje abundanci edifikatoru lesni geobiocendzy (dfevinné slozky).
Geobiocenologické jednotky SLT a VS pak povazuje za ramce, které je mozné vyuzit
pfi autekologickych studiich druhil a na zaklad¢ téchto studii vymezit tofické moznosti
(. vyskyt, lokality vyskytu, existencni moznosti). Uvadi, ze fytofagové maji vyrazny
vliv na strukturu dievinného patra zejména v 2. a 3. VS, v 5. VS ovliviuji strukturu
drevinné slozky mikrofagové (zejména na jedli bélokoré (Abies alba)) a v 8. VS maji
velky vliv makrofagové. V nejnovéjsi praci, kterd je syntézou predchdzejicich studii,
Stolina (2000) informuje o vyuziti typologickych jednotek geobiocenologické koncepce
pro stanoveni indikéatoru ekologické stability lesa a pro vymezeni podminek aktivizace
»agresivity* Skodlivych faktort (jak abiotickych, tak biotickych). Déle uvadi, Ze hmyzi

druhy jsou tésné¢ véazany na ekologické podminky geobiocénii lesa — u nékterych



oy e

jednotek 1ze vymezit podminky s pravdépodobnou gradaci klimaticky stenoeknich
druhti a pomoci LT je mozné rozlisit podminky pravdépodobné gradace stenotopnich

dendrofagnich druh hmyzu v¢etné specifika jejich gradaci (Holusa 2003).

3.1. Stonozky (Chilopoda), mnohonoZky (Diplopoda) a stejnonoZci (Isopoda)
Stonozky, mnohonozky a suchozemsti stejnonoZzci tvoifi vyznamnou pudni zivocisSnou
slozku vhodnou pro hodnoceni kvality biotopu (Bilton 1996, Paoletti a Hassall 1999,
Souty-Grosset et al. 2005, Tuf a Tufova 2008). Diploda jsou bylozravé, vyrazné zavislé
na kvalit¢ substratu. Vyskytuji se pfevazné na vlhkych stanovistich s listnatym
porostem nebo s porostem smiSenym, V jehli¢natych lesich jsou tzce vazané na vétsi
mocnost opadu (Folkmanova a Lang 1960). Chilopoda jsou fazena k edafické fauné,
protoze obyvaji svrchni vrstvy pidy. Osidluji hrabanku, ptudu nebo jsou nalézany pod
kameny, ktrou ¢i dievem v lese. Stonozky se zivi téméf vyhradné dravé malymi
¢lenovci a jinymi bezobratlymi, pouze ve vyjimecnych piipadech je mozné saprofagie
(Folkmanova 1928). Né¢které druhy ziji na mistech velmi vlhkych, pfi bfezich vod, ve
vlhké zemi, snesou i kratky pobyt ve vod¢. NesnaSeji piimé slunecni zafeni, proto se
vyskytuji prevdzné pod kameny, spadanym listim a dfevem, v mechovych porostech
nebo piimo v zemi (Frankenberger 1959). Obecné rozsiteni zastupci (187 druhi),
snadno lovitelni do zemnich pasti, byli klasifikovani do kategorie reliktni (vyskyt na
nenaruSenych lokalitdich specifického charakteru), adaptabilni (kolonizuji ¢aste¢né
naruSené prostiedi), eurytopni (osidluji rizné prostiedi véetné antropogenné narusenych
(Tuf a Tufova 2008). Stonozky zahrnuji 65 druht, z nichZz je 40 % reliktnich, 45 %
adaptabilnich a 15 % eurytopnich, mnohonozky maji 80 druhd (29 — 49 — 22 %)
a suchozemsti stejnonozci 42 druhtt (31 — 48 — 21 %) (Tajovsky 2001a, 2001b,
Flasarova 2000, Tuf a Laska 2005, Tuf a Tufova 2008).

3.2. Ekologicka charakteristika skupiny mnohonozky (Diplopoda)

Diplopoda pfedstavuje jednu z nejvétSich tfid v Zivocisné fiSi a je tfeti nejveétsi
z terestrickych Arthropoda, po Insecta a Arachnida. V soucasné dob¢ je popsano cca
10 000 druhd, o kterych lze predpokladat, ze reprezentuji jen 10 — 15 % existujici
druhové bohatosti (Hoffman 1985, Golovatch et al. 1995, Adis a Harvey 2000).
V Ceské republice je doposud popsano 80 druhti mnohonozek, zkterych je
klasifikovano cca 50 % jako reliktni (Tuf a Tufova 2008).



Z morfologického hlediska maji diplopody segmenty téla spojeny do diplosegments,
tyakadla jsou slozena s osmi ¢lankt (Enghoff 1984, Edgecombe a Giribet 2002).
Nicméné mnohonozKy jsou velmi rozmanité, zahrnuji kolem 15 — 17 ¢eledi a 115 rodd.
Systematické zpracovani diplopod bylo nestabilni, coz odrazi zakladni znalosti
0 evolu¢ni historii téchto Zivocichil.

Ttida mnohonozek byla rozdélena tradi€né do dvou podtiid. Podtiida Penicillata (nebo
Pselaphognatha) je mald skupina drobnych mnohonozek, znamych jako ,zjezena*
mnohonozka. Tyto se nachdzeji obvykle pod kiirou, nemaji vapenatou pokozku a jsou
pokryty cetnymi zoubkovanymi S§tétinami. Podtiida Chilognatha obsahuje drtivou
vétsSinou mnohonozek. Ty maji kalcifikované pokozky, jsou obecné dlouhé a tenké
S ¢etnymi nohami a osidluji svrchni pidni vrstvu az k jejimu povrchu (Barker 2004).
Mnohonozky se vyskytuji ve vétsiné suchozemskych ekosystémui pouze v extrémnich
podminkach subarktickych, subantarkickych a v poustnim prostiedi nejsou témet viibec
nebo zcela chybi. Navic jsou Gasto hojné hustoty, 50 jedincti na m? (napf. Meyer 1985,
Bhakat 1989, Dangerfield a Milner 1996, Dangerfield a Telford 1996), a existuji
piipady 200 az 800 jedincii na m® SpoleCenstvi mnohonoZek se obecné vyznaduji
prostorovou heterogenitou v disledku malého rozsahu vegetace, vlhkosti a vyzivové
dynamiky (Blower 1969). Shluky mohou byt také spojeny s vyskytem vysoce kvalitni
potravy (Dangerfield a Telford 1993). Na rozdil od mnoha dalsich vétsich skupin zvitat,
které maji Sirokou ekologickou valenci a jsou morfologicky dobie diverzifikované,
mnohonozky obyvaji pomérné¢ uzké adaptivni zény a jsou pomérné morfologicky
jednotné. Kime a Golovatch (2000) uznavaji pét hlavnich forem zivota mnohonozek,
a to Stratobiont (omezené na hrabanku a vrchni ptdni vrstvy), Troglobionti (jeskynni
druhy), Geobionti (hlubsi vrstvy pudy), Subkortikolni xylobionti (pod kirou)
a Epiphytobionti (stromové, v prasném humusu). U mnohonozek ¢asto trva nekolik let,
nez dosahnou pohlavni dospélosti a dlouhovékosti, u nékterych druhlt maze presahnout
deset let. Jejich zivotnost souvisi s kvalitni potravni nabidkou (Blower 1985).
Mnohonozky jsou obecné povazovany za detritovory, jsou dilezité v rozkladném
procesu mrtvého rostlinného materialu (listy, dfevo) a souvisejicich detritovornych hub
(Shear a Kukalova-Peck 1990). Piestoze pozadavky na energii a ziviny jsou ¢astecné
selektivni (Kheirallah 1979, Dangerfield a Telford 1993), relativné nizka kvalita
potravy vyzaduje zvySeny piijem. U vétSiny mnohonozek vyzaduje piijem potravy
kousani mrtvého rostlinného materidlu na malé kousky pomoci kusadel, ktera jsou

Vjicnu natravovana, a vyluCovanym sekretem slinnych Zlaz. Zajimavé je, ze



mnohonozky nejsou dobie vybaveny specializovanymi travicimi enzymy a ziejmé
vyuzivaji mikrobialni degradaci listového materialu pted i po jeho poziti. Detritivory je
mozné nachazet i na vykalech bylozravcl, mrSinach, véetné mrtvych zizal Clitellata:
Haplotaxida, na me&kkysich Mollusca a hmyzu Hexopoda: Insecta (Dall 1892, Cole
1946, Cloudesley-Thompson 1958, Hoffman 1969, Dangerfield a Telford 1996, Barker
2004). Nekteré mnohonozky jsou bylozravé a mohou mit hospodaisky vyznam jako

Skiidei péstované plodiny (Biernaux 1966, Baker 1974).

3.3. Ekologicka charakteristika skupiny stonozky (Chilopoda)

Stonozky maji pfiblizn€ 21 c¢eledi, které¢ zahrnuji 7000 druhti, z nichz asi 3200 bylo
determinovano. Nejstarsi fosilni stonozky, tadu Scutigermorpha, byly nalezeny
ve svrchni vrstve siluru a devonu (Almond 1985, Jeram et al. 1990). Z obdobi karbonu
pochazi jedinci stonozek dorastajicich do délky 1,5 m (Mundel 1979). Stonozky jsou
znamé ze vSech kontinentli krome Antarktidy. Nejvetsi druhové rozmanitosti dosahuji
v tropech a v teplych mirnych oblastech. Obyvaji hrabanku, pidu nebo jsou nalézany
pod kameny, kirou ¢i v trouchnivéjicim dievé v lese, také na pastvinach, na pousti,
v jeskynich a v pfimoiskych zonach. Ale existuje pomérné malo studii o ekologii
spolecenstev, biologické rozmanitosti druhii (Auerbach 1949, 1951, Lewis 1965, 1981,
Albert 1979, Summers a Uetz 1979, Blackburn et al. 2002). Jejich druhova bohatost
a pocetnost mize byt pozoruhodné vysoka vzhledem k jejich trofickému postaveni
(masoZravci).

Stonozky nemaji sklerotizovanou pokoZzku, proto jsou nuceni zit ve vlhkém prostiedi
a obecn¢ omezuji svou aktivitu na chladnéjsi a vlhéi noc (Curry 1974). Nejvice se
stonozky vyskytuji v zalesnénych krajinach, kde ziji v listové hrabance.
Scolopendromorpha a Geophilomorpha se do uréité miry zavrtavaji do pudy nebo
vyuZziji nory jinych zvifat. Nékteré stonozky jsou stromové a nachazeji se v mezerach
stromi nebo v trhlinich na kmenech stromt. Nekteré druhy ziji v poustnich
podminkach, mohou pfezit vysoké teploty a nizkou vlhkost skryti pod kameny nebo
v kamennych $térbinach a aktivitu vykazuji vyhradné v noci, kdy teplota klesne. Blower
(1955) upozornil na propustnost svrchni vrstvy endodermis, ktera omezuje kolonizaci
mokrych stanovist v disledku nedostate¢né kontroly ptfijmu vody pokozkou. Béhem
destivého obdobi se mnoho stonozek rodu Lithobiomorpha c¢asto nachazi pod ktrou

padlych stromti nebo v jinych, dobie odvodnénich mistech, kde nebudou vystaveny



nadmérné vlhkosti (Barker 2004). Vyvoj od vajicka az po dospélce je pomérné pomaly,
3 — 4 roky. Dozivaji se ptiblizné 5 — 6 let.

Pokud je znamo, vétSina stonozek je vyhradn€ masozravych. Néekteré ziejmé doplni
svou stravu o detritus (Lewis 1965, Gunn a Cherrett 1993). Blackburn et al. (2002)
konstatuji, ze V disledku univerzalnosti dravého zptsobu existence, dostupnosti
jednotlivych druhti kofisti se jevi, ze ma relativn¢ maly vliv na distribuci nebo hojnost
stonozek. VétSinou se jedna o vysoce polyfagni zastupce, které omezuje pouze velikost
potenciondlni kofisti, pfipadné¢ utvafeni pokozky nebo obranné sekrety kofisti (Lewis
1981). Podil dravych makro-bezobratlych zastupct ttidy Chilopoda se velmi méni mezi
ekosystémy, ale mohou ¢asto piesahnout 20 % (Albert 1979).

Stonozky jsou schopny ulovit relativné velkou a aktivni kofist prostfednictvim svych
vykonnych toxicognathus, s nimiz mohou nejen uchopit, ale také ochromit ¢i dokonce
zabit kofist, prostiednictvim jedu. Casto nohy na piedni ¢ast t&la (maxillipedes) slouzi
Kk uchopeni kofisti béhem jejiho ziru (Elzinga 1994).

S vyjimkou Scutigeromorpha, které maji slozené oci, moznost vidéni chybi nebo je
Spatné vyvinuta. Zastupci Geophilomorpha a mnoho Scolopendromorpha jsou zcela
slepi a sv€tlo vnimaji jen pies integument. Stonozky obecné vnimaji kofist pouze pfi
kontaktu s tykadly. Jedinec pak udéla prudky vypad vpied a uchopi kofist pomoci
maxillipedes. Maélo je znamo o chemickém slozeni jedu, kterym je kyselina
s hemolytickou reakci podobnou u nékterych pavouki (Arachnida: Chelicerata:
Araneae) a $tirG (Arachnida: Chelicerata: Scorpiones). Obratlovci a ¢lenovci jsou velmi
citlivi na jed, zatimco ryby (Chordata: Teleostei), zizaly (Clitellata: Haplotaxida)
a mekkysi jsou vice ¢i mén¢ imunni vicéi jeho ucinkim (Lawrence 1984). Néktera
Geophilomorpha, vzhledem k jejich vyskytu v pudnim prostiedi, Se mohou
specializovat na zizaly v lokalitach, kde se hojné vyskytuji (Johnson 1952).

Doposud je znamo v Ceské republice 72 druht stonozek. Check-list stonozky z Ceské
republiky sestavil Tajovsky (2001a) a byl aktualizovan (Tuf a Laska 2005, Tuf et al.
2008), posledni aktualizace (Tuf a Tajovsky 2016).

Scutigeromorpha
Do tohoto tadu patii 100 platnych druhi (200 pojmenovanych, Edgecombe a Giribet
2007). V CR je tento tad zastoupen pouze jednim druhem (Tuf a Tufova 2008). Hlavni

znaky tohoto fadu jsou tyto: zastupci maji sloZzené oci, tykadla a vleéné nohy mnohem



delsi nez t¢lo. Obsahuje 3 celedi: Pselliodidae, Scutigeridae, Scutigerinidae. Rozsifeni:

cirkumtropické, zasahuji 1 do subtropického a misty i mirného pésu.

Lithobiomorpha

Zahrnuje 1100 platnych druht (vice nez 1800 pojmenovanych, Edgecombe a Giribet
2007). V CR je tento ¥ad zastoupen 37 druhy (Tuf a Tufova 2008). Hlavni znaky:
zastupci bez o¢i nebo pouze jednoduché oci, tykadla i vlecné nohy kratsi nez télo,
hibetni $titky nejsou stejné, 2., 4., 6., 9., 11. a 13. krat$i nez ostatni a maji 15 para
nohou. Obsahuje 2 ¢eledi (Hofman 1999). Lithobiidae (974 druhti, v CR 36) — znaky:
pleury ¢lanku kusadlovych nozek za kusadlovymi nozkami oddéleny, nohy s trny;
Henicopidae (122 druht, v CR 1) — znaky: pleury kusadlovych nozek spojeny za
kusadlovymi 7 nozkami, nohy bez trnd, na bocich hlavy 1 velké ocko. Rozsifeni:
Lithobiidae pfevazné na severni polokouli, Evropa, Asie, Severni a Stfedni Amerika
a severni Cast Jizni Ameriky; Henicopidae prevazné na jizni polokouli, Australie, Novy
Z¢land, Tasmanie, jizni Afrika, Chile, nékteré druhy i Severni Amerika, Evropa,

Japonsko (Neckarova 2009).

Scolopendromorpha

Do tohoto tadu patii nejvétsi druhy stonozek, zahrnuje vice nez 800 platnych druhi
(Edgecombe a Giribet 2007). V CR je tento {ad zastoupen 3 druhy (Tuf a Tufova
2008). Obsahuje 3 ¢eledi: Scolopendridae (21, 23, 39 ¢i 43 part noh), Cryptopidae (21
para noh) a Scolopocryptopidae (23 pari noh). (Hofman 1999, Chagas-Jr. a kol.
2008). Hlavni znaky: bez o¢i nebo jednoducha ocka; tykadla i vlecné nohy kratsi nez
télo, u naSich stonozek vzdy 21 pari noh (Folkmanova 1959). Rozsifeni: tropické
oblasti, mnoho druhti je kosmopolitnich jako vysledek nahodilého a ptirozeného

rozptyleni.

Geophilomorpha

Nejriznorodéjsi skupina mezi stonozkami se 14 celedémi (Hofman 1999). Zahrnuje
1300 platnych druhii (vice nez 1700 pojmenovanych, Edgecombe a Giribet 2007).
V CR je tento #ad zastoupen 25 druhy (Tuf a Tufova 2008). Hlavni znaky: vzdy bez oéi,
tykadla 14 ¢lanku, tykadla i vle¢né nohy kratsi nez télo, 27 — 191 part nohou, u nasich
druhtt 31-173 para nohou (Folkmanova 1959). Rozsifeni od tropickych oblasti az po
polarni kruh.



3.4. Efekt mocnosti horizontu opadu na stonozky

Sest z 16 zjisténych druhd Lithobius lapidicola Meinert, 1872; Lithobius macilentus L.
Koch, 1862; Lithobius tenebrosus Meinert, 1872; Lithobius tricuspis Meinert, 1872;
Geophylus flavus (DeGeer, 1778) se vyskytlo pouze v lokalitich s nahromadénym
opadem do mocnéjsi vrstvy a akumulaci rozpadlého dieva a tfi z téchto druha Lithobius
lapidicola, Lithobius tenebrosus se vyskytly pouze na stanovisti S rozpadlym dievem
(Jabin 2008). Autor dale uvadi zvyseny vyskyt druhii na vyzkumnych plochach s uméle
navrstvenym opadem V blizkosti rozpadajiciho se dfeva, nasleduje plocha suméle
navrstvenym opadem a kontrolni plocha s piirozenou vrstvou opadu vykazuje nejméné
druhti. Pomoci testovani druhové bohatosti byl zjistén vyznamny rozdil u kontrolni série
a uméle upravenych podminek, ale mezi variantami uméle upravenymi nebyl nalezen
vyznamny rozdil. Celkové bylo 51 % jedinci nalezenych vV Setfeni s opadem
arozpadlym diivim, 36 % V Setieni s opadem a 13 % V Setfeni s pfirozenym opadem
(Jabin 2008). Primérna hustota jedincti v lese byla 790 ind./m? v Arzbachu a 936
ind./m? v Elbertu. V sérii s pfirozenou vrstvou opadu byla primérna hustota 142 ind./m?
v Arzbachu a 81 ind./m? v Elbertu (Jabin 2008).

3.5.Vyskova migrace druhii v ramci vrstvy opadu

Vyskyt tadu Lithobiomorpha (véetné Lithobius mutabilis L. Koch, 1862 a Lithobius
curtipes C. L. Koch, 1847) byl prokazan ve vétSin¢ ptipadt ve svrchni ¢asti hrabanky,
spiSe nez ve spodni. Dale vyskyt zastupcti fadu Geophilomorpha byl prokazan v nizsi
vrstvé opadu. Endogeicky druh, Brachygeophilus truncorum (Bergsoé & Meinert,
1886), byl zastoupen pomérné velkym poctem jedinct ve spodni vrstvé opadu. Lesni
porost nem¢l zadny vyznamny vliv na hustotu vyskytu stonozek (p> 0,001). Na hustotu
vyskytu juvenilnich a post-juvenilnich jedincti fadu Lithobiomorpha méla silny vliv
sezonni periodicita (p<0,001). U zastupcti Lithobiomorpha byla zjisténa silna zavislosti
na vrstvé opadu, kdy pocetnost rostla s vyskou opadu a vyskytem rozpadlych stromt
(Jabin 2008). Vysledky Friinda (1987) dokladaji, ze odolnost jednotlivych druhi proti
vysychani odpovida jejich vertikdlni distribuci v opadové vrstvé. Druhy s vyS$si
odolnosti (Lithobius mutabilis) byly cast&jsi v horni ¢asti vrstvy hrabanky, zatimco
druhy s nizsi odolnosti Lithobius crassipes L. Koch, 1862, Strigamia acuminata (Leach,
1814) byly omezeny na spodni vrstvy hrabanky (Friind 1987). Stonozky jsou schopné

rozptylit se a vybrat si pfiznivé lesy kdyz se vyskytnou navhodné Zivotni podminky.
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V Anglii v lese lokality Wytham Woods, byla pozorovana migrace stonozek do

rozpadlého dfeva v pritbéhu teplych zimnich dnf, ale zistaly ve hrabance b&hem

chladnéjsich zimnich dnti (Lloyd 1963).

3.6. Efekt mikro a makroklimatickych parametria prostiedi na vyskyt epigeického
hmyzu

Vyznamny vliv na vyskyt Isopoda v lesnim spolecenstvu méa primérna denni teplota.
Ctyii taxony vykazovaly vliv sezénnich zmén: Pseudoscorpionida, ve kterych
dominoval druh Neobisium carcinoides (Hermann, 1804), Araneida, Lithobiomorpha
(post)-juvenile a Coleoptera (larvae) byly nejvice zastoupeny béhem zimnich mésict
a vykazovaly nizsi aktivitu v 1été. Strevlikoviti z mirného pasma davaji prednost
teplotim mezi 8 a 25 °C a vlhkosti vzduchu mezi 45 a 85 % (Thiele 1977). N¢které
z téchto druht vykazuji nizkou tepelnou prahovou hodnotu pro rozvoj svého larvalniho
stadia v nizkém rozsahu teplot od - 6 °C az do +3 °C (Topp 1994).

Empirické  vztahy mezi  mikroklimatem  aplidnimi  bezobratlymi  podle
retransformovanych daji nebyly vzdy linearni. Jedin¢ pro vyskyt larev Coleoptera
a suchou hmotnost opadu pro vSechna ro¢ni obdobi se linearni regrese ukazala jako
nejvhodnéjsi. Vliv denni teploty na zastoupeni dospélych broukti byl nejlépe popsan
pomoci exponencialni regresni pfimky (p = 0,002). Hojnost dospélcii Coleoptera
dramaticky klesla, kdyz primérné denni teplota byla nizsi nez 2 °C. Nicmén¢, vztah
mezi suchou hmotnosti opadu a mnozstvi Araneida byl nejlépe aproximovan kiivkou
polynomem 2. fadu (p <0,001). Denni rozsah teplot byl nejlepsim indikatorem pro
dospélce Coleoptera a Ptiliidea pies letni a zimni obdobi a pro Isopoda a Staphylinidae
pres letni obdobi. Stonozky z mirného pasma se vyskytuji v Sirokém spektru teplot
(Albert 1983). Naptiklad Lithobius forficatus Linnaeus, 1758 nevykazoval zadné
preference teploty v Sirokém teplotnim rozmezi mezi 0 a 32 °C (Pfleiderer — Gruber
1986) a mohl by dokonce prezit teploty -3 °C po dobu jednoho tydne bez poskozeni
(Lavy a Verhoef 1996). Obsah vlhkosti v ptidé rozhodoval o vyskytu Diplopoda pies
zimni obdobi a 0 pocetnosti Lithobiomorpha na podzim a v zimé¢. V experimentalnim
vyzkumu se podafilo prokazat, ze L. mutabilis a jiné Lithobiomorpha preferuji az 100 %
vlhkost (Friind 1987). Hadley (1994) ukazal, ze Lithobius spp. je docela citlivy na
vysychani. VySe vlhkosti také pisobila na hojnost vyskytu u Araneidea v jarnim
a zastupce Staphylinidae v zimnim obdobi (Jabin 2008). Struktura a distribuce ¢lenovct

znacn¢ zavisi na expozici svahu (Tolbert 1975). Naptiklad hojnost hmyzu a pavoukii na
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pastvinach Tennessee a Severni Karoliné byly nejvyssi na jiznich svazich a nejnizsi na
severo-zapadnich svazich (Tolbert 1975). Stejné tak pocet stonozek v pralese (stiedni
Slovensko) byl nejvyssi na jiznich svazich (Jabin et al. 2007).

Extrémni teploty nemély vliv na mnozstvi macroarthropods. Mnozi ¢lenovci preziji
Vv teplotach mrazovych nad kritickym bodem, ale nesnaSeji promrzani (Semme 1982).
Kriticka teplota promrznuti hrabanky osidlené ¢lenovci, jako jsou mnohonozky (David
et al. 1993), suchozemsti stejnonozci (Tanaka a Udagawa 1993) a drabcikoviti (Topp
1978), se pohybuje na trovni primérné teploty - 4 az - 5 °C v zimé. StonozKy
promrznou, kdyz teplota klesne pod -4 °C (Haacker 1968). Smrtelné teploty mohou byt
zaznamenany béhem zimy v mistech s nedostate¢nou vrstvou hrabanky, proto jsou
preferovana stanovisté disponujici vysokou vrstvou opadu, kterd piedstavuje Gtociste
pro stonozky a také pro jiné ¢lenovce citlivé na nizké teploty béhem zimy.

Sest z 13 druht Lithobius spp. se vyskytovalo v lesich s jizni expozici. Alespoii jeden
z druha (Lithobius melanops Newport, 1845) je znam svou teplomilnosti (Spelda 1999).
Také Lithobius tricuspis Meinert, 1872 a Lithobius austriacus Verhoeff, 1937
preferovaly vlhké a teplé podminky u rozpadlych diev na jiznich svazich (Jabin 2008).
omezujici Sifeni stonozek (Auerbach 1951, Blackburn et al. 2002). Na rozdil od
Lithobiomorpha, vétSina Geophilomorpha jsou dobie ptizptisobeny pro zivot v pude,
a proto se mohou vyhnout nevhodnym mikroklimatickym podminkam v opadové vrstvé
vertikalni migraci (Lewis 1981). Geophilomorpha stonozky jsou obecné odolné;si viici

vysychani nez Lithobiomorpha (Curry 1974, Lewis 1963).

3.7. Efekt chemickych a fyzikalnich vlastnosti pady na vyskyt padni fauny

Vétsina studii o vlivu faktord prostiedi na vyskyt stonozek vyloucila vliv chemickych
vlastnosti pudy na stonozky. Opravdu existuje jen malo dikazd o vlivu chemickych
vlastnosti pidy na distribuci stonozek. Alespon jeden druh (Lithobius aeroginosus L.
Koch, 1862) dava piednost lesnim stanovistim na vapencich (Spelda 1999). Blackburn
et al. (2002) poukazal na siln¢ negativni vliv endogeického druhu Brachygeophilus
truncorum a pH v padé, zatimco epigeické druhy Lithobiomorpha poukazovaly na pH
v pudé jen ojedinéle nebo vibec. Ani na zvySeny obsah uhliku v pidé stonozky
nereagovaly vyznamnym zptsobem (Jabin 2008). Jabin (2008) konstatoval, ze jiné
faktory nez chemie pudy ovliviluji vyskyt stonozek. Dostupnost mikrootvoru ve

vrchnich profilech pidy hraje dulezitou roli ve vyskytu stonozek (Friind 1983).
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Lithobius mutabilis je béznym druhem v bukovych lesich na vapenci (Poser 1990).
Pidy na vépencich obecné disponuji vysokou hustotou Lumbricidae a dobrym
systémem mikrootvort. Stonozky hojné vyuzivaji chodeb vytvofenych zizalami nebo
vzniklych po rozpadlych kotenech (Albert 1982). Byly také nalezeny v chodbach po
krtcich (Jeekel 1964). Stonozky se vyhybaji jilovitym ptidam a v pidam s redukovanym
systémem provzdusnéni prostfednictvim mikrootvort (Albert 1982, Attemps 1926).
Vysoky obsah volnych prostorti vV pidach umbrického andosolu umoziuje vertikélni
migraci mezi opadem apudou, coz ma za nasledek vysokou populacni hustotu.
V kontrastu (dystric kambizem) je velmi kompaktni a hlinity, bez zizal, a tedy i bez
chodeb Zzizal, coz vysvétluje i nizkou hustotu stonozek. Stupent provzdu$néni pudy
makro a mikro dutinami pfedstavuje dalezity faktor ovliviwyjici strukturu rozdéleni mezi
endogeic Geophilomorpha a epigeic Lithobiomorpha (Jabin 2008).

Vztahy mezi rGznymi skupinami ¢lenovcli a hodnotou pH, maximalni vodni reten¢ni
kapacitou a pomérem dostupnych Zivin (Ca, Mg,K)/Al vykazuji diference, kdy vazby
mohou byt negativni i pozitivni.

Byla zkoumana mikrobialni aktivita a biomasa ve vztahu, K pidnim parametrim. Silny
korela¢ni vztah byl prokazan dostupnym zivinam (Ca, Mg, K) k obsahu Al v padé.
Mesofauna ukazala vyznamny Korela¢ni vztah k Oribatida a maximalni vodni reten¢ni
kapacit¢ a mezi Collembola a obsahem sloucenin fosforu PO, v padé (R2= 0,437).
Nejsilngjsi korelace vramci piadni fauny byly mezi bezobratlymi s vapenatym
exoskeletem Isopoda, Diplopoda a pH/KCI v padé (R?= 0,539) a obsahem dostupnych
Zivin (Ca, Mg, K— R?= 0,582). Isopoda nejvice korelovala s obsahem pH a Diplopoda
s dostupnym obsahem v pudé. Zastupci Pseudoscorpionida byli v negativni korelaci
k obsahu zivin v padé. Chilopoda byla pozitivné prokazana k dostupnému obsahu zivin
v pidé. Vyskyt Coleoptera a Staphylinidae nebyl vyznamné korelovan k zadnému
s testovanych pudnich parametri. Araneida neprokazala zadny korelaéni vztah
k Setfenym parametrim (Jabin 2008).

Acidifikace ma za nasledek zvysSeni celkového mnozstvi mesofauny v lesnich ptidach,
ale hlavn¢é vede k vysoké hojnosti n¢kolika dominantnich druhd (Baath et al. 1980,
Hagvar a Kjondal 1981, Hagvar, 1984). Naproti tomu obohaceni lesni pudy vépencem,
P-struskou a dusi¢nanem amonnym obecné vedlo ke sniZeni mesofauny, ale také
k posunu dominantni struktury (Jandl et al. 2003). Jednotlivé druhy, stejné taxonomické
skupiny reaguji odlisn€ na zménéné podminky. Napiiklad (Geissen et al. (1997) reakce

dvou skupin Collembola: Druhy prvni skupiny pozitivné¢ ovlivnil obsah drasliku

13



a fosforu, naproti tomu druha skupina reagovala negativné na obsah bazickych kationtt
apH. To mize indikovat potravni migraci z dolniho patra smérem k hornimu patru
(Jabin 2008). Suchozemsti stejnonozci jsou znami obsahem kutikularniho vapniku
(Radu et al. 1971) a mnozstvim vapenatych a hofecnatych soli prevysujici 70 % ze
suché hmotnosti pokozky Diplopoda (Ansenne et al. 1990). Obsah mineralnich latek,
zejména vapniku a hotc¢iku, je dilezitym faktorem struktury vyskytu clenovch
s vapenatym exoskeletem (Hopkin a Read 1992). Bignell (1989) poukazal na to, Ze
mikroorganismy tvofi dilezity zdroj zivin pro stonozky. V prostiedi, v némz jsou
omezené ziviny, Se mikroorganismy vyskytuji v omezené mitfe, proto Isopoda

a Diplopoda preferuji stanovisté s vyssim obsahem Zivin a mikrobialni aktivitou.

3.8. Vliv managementu lesa na vyskyt pudni fauny

Ve vsech lesich byly stonozky Lithobiomorpha akumulovany v mistech s rozkladajicim
se dievu, ale existuji rozdily v celkovém poctu jedincti mezi lokalitami v zavislosti na
vzdalenosti od mista chronického rozpadu, nejvy$si byly na jiznich svazich (Jabin
2008). Jizni svahy jsou charakteristické sussim a teplejsim mikroklimatem ve srovnani
S ploSinami a severnimi svahy stejné geografické oblasti (Geiger et al. 1995, Oke 1987).
Stonozky Lithobiomorpha vyhledavaji mista s vlhkosti téméf 100 % a vyhybaji se
poloham s vlhkosti nizsi nez 80 %. Vyskyt stonozek fadu Litbobiomorpha byl
pozorovan pouze v hrabance s vlhkosti vyssi nez 50 % (Albert 1983). Voda se ztracela
z téla jedinci transpiraci 1 pii 98 % relativni vlhkosti a teploté 27 °C (Friind 1987).
Vétsi - jedinci  Geophilomorpha:Strigamia  acuminata  (Verhoeff, 1928)
a Lithobiomorpha:Lithobius curtipes C.L. Koch, 1874, Lithobius mutabilis L. Koch,
1862 jsou obecné odolnéjsi viici vysychdni nez mensi druhy. Proto juvenilni a post-
juvenilni jedinci jsou citlivéjsi na vlhkost nez dospélci stejného druhu (Friind 1987).
Schendyla nemorensis (C.L. Koch, 1837), jeden z dominantnich druht
Geophilomorpha, ziejmé upfednostituje tepla a sucha stanovisté jiznich svaht, kde
tvoril téméf polovinu vSech stonozek na téchto lesnich stanovistich. Naproti tomu druhy
Brachygeophilus truncorum a Strigamia acuminata byly dominantni na nahornich
planinach a severnich svazich a vzacné se vyskytovaly na jiznich svazich. Schendyla
nemorensis je také typickym druhem oteviené krajiny. Druh se vyznacuje partenogenezi
(Spelda 1999). Brachygeophilus truncorum a Strigamia acuminata jsou typické lesni
druhy, které maji pohlavni rozmnozovani (Spelda 1999). Jabin (2008) uvadi vyskyt

obou pohlavi ve vSech typech lesa. Pokud jde 0 vybér strategie pteziti, stonozky by
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mohly byt povazovany za K-stratégy v porovnani s jinymi ¢lenovei (Albert 1983,
Pianka 1970). Nicméné Schendyla nemorensis se jevi byt vice charakterizovana jako R-
stratég, vzhledem Kk reproduk¢ni strategii a adaptaci na prostfedi s naro¢nymi
a variabilnimi zivotnimi podminkami, napf. stanovi§t¢ jsou postizena suchem,

prosvétlené lesy (Jabin 2008).

3.9.Ekologicka charakteristika StejnonoZcii (Isopoda)

Celkem bylo doposud popsano 3637 druhti (Schmalfuss 2003). V Ceské republice je
znamo 42 druhit stejnonozct (Flasarovd 2000) fazenych do 10 celedi: Ligiidae,
Trichoniscidae, Buddelundiellidae, Platyarthridae, Philosciidae, Oniscidae, Cylisticidae,
Trachelipodidae, Porcellionidae, Armadillidiidae (Tuf a Tufova 2008). Suchozemsti
stejnonozci se vyvinuli z motskych predkt, ale jsou dokonale pfizplisobeni zZivotu na
zemi (Frankenberger 1959). Postradaji ale lipoidni vrstvu, ktera by branila odpafovani a
ztraté vody (Edney 1951). I kdyz jsou stejnonozci dokonale piizptisobeni zivotu na
zemi, prece potiebuji pro sviyj zivot urcity stupenn vlhkosti. Vyjimky se tykaji nékterych
forem dokonale ptizptisobenych i k zivotu v pousti, jak je zndmo z okraji Sahary
z Alzirska a Egypta. Mame-li vSak na zfeteli poméry evropské a specidlné
stiedoevropské, pak formy xerofilnich nejsou zastoupeny. Mirné sucho toleruji druhy
Porcelio montanus Budde-Lund, 1885, P. spinicornis Say, 1818 a Tracheoniscus
nodulosus (C.L. Koch, 1838) Frankenberger (1959). Druhy extrém piedstavuji formy
hygrofilni, které maji své zastupce v rodech Ligidium, Hyloniscus, Androniscus,
Trichoniscus. Ziji jen na mistech velmi vlhkych, pii biezich vod, pod vlhkym spadanym
listim nebo v drobném Stérku i mokré zemi u potokil a rybnikli. Na pfimém slunci
a v suchém prostiedi hynou béhem nékolika minut, naproti tomu snesou i dlouhy pobyt
ve vodeé. Mezi hygrofilni se fadi Oniscus asellus L. 1758, Trachelipus rathkei (Brandt,
1833), rod Porcellium, Armadillidium zenckeri Brandt, 1833 (Frankenberger 1959).

Ziji skryt&, pod kameny, dfevem, spadanym listim i pfimo v zemi nebo tlejicich
stromech. Mnoho druhi je z velké casti petrofilnich, davaji pfednost substratim se
skeletem a kamenim. Geologicky raz kamenitého substratu hraje nékdy dilezitou tlohu,
existuji druhy vapnomilné (Porcellio spinicornis), které se vyskytuji Vv rozvalinach
hradu.

Jediny druh, ktery zasahuje az do pasma subalpinniho, je Trachelipus ratzeburgii
(Brandt, 1833). Typickym tzemim naSich stejnonozci jsou pahorkatiny porostlé

listnatymi nebo smiSenymi lesy a kiovinami (Frankenberger 1959).
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Potravou stejnonozcti jsou latky rostlinného charakteru odumielé, tlejici, s hojnym

podilem bakterii, plisni a houbovych hyf.

4. Metodika a material

4.1. Sir§i izemni vztahy

Zajmové Uzemi se nachdzi na severni Moravé, v centrdlni Casti Moravskoslezskych
Beskyd. Udoli horské feky Celadenka lemuje na zapadé masiv Smrku (1276 m n.m.), na
vychod¢é masiv Knéhyné (1257 m n.m.), Porosty spadaji do ptirodni lesni oblasti (PLO)
40 — Moravskoslezské Beskydy. Na severu hrani¢i s PLO 39 — Podbeskydska
pahorkatina, na vychodé s Polskem, na jihovychod¢ se Slovenskou republikou a na
jihozapadé¢ s PLO 41 — Hostynskovsetinské vrchy a Javorniky. Tvoii nepravidelny
rovnobéznik s vlnitymi hranicemi. Celkova vyméra je cca 82 432 ha, s vymérou
porostni pady cca 63 990 ha. Hranice PLO 40 je prakticky totozna s hranici
geomorfologického celku Moravskoslezské Beskydy (IXE-3). PLO 40 navic zahrnuje
okrsek ZaSovska pahorkatina (IXE-2b), geomorfologicky celek Slezské Beskydy (IXE-
5) a dale sem néleZi okrsek Ondiejnik (IXD-1D-c) z podcelku Stramberské vrchoviny
(IXD-1D). Tento okrsek je ptifazen k PLO 40 na zakladé podobnosti terénnich pomérd,
geologického podlozi a pfirodnich pomérii geobiocen6z. Do piirodni lesni oblasti
Moravskoslezské Beskydy (PLO 40) patii oblast Karpatského vnéjsiho flySe, na severu
oddélend od oblasti Podbeskydské pahorkatiny, kterda byla ovlivnéna Vv dobach
ledovych, zatimco masiv Ondiejniku ovlivnén nebyl, zasahuje do 5. LVS a je ptifazen
k Moravskoslezskym Beskydim. Jihovychodni hranice PLO se relativné dobie kryje
S hranici magurského flySe. Na podlozi vnéjsitho flySe, tvofeného prevazné
piskovcovymi a bfidlicovymi vrstvami godulskymi a istebnianskymi, se tvoii velmi
hluboké, 5 — 10 m, hlinitopis¢ité zvétraliny, a to i na prudkych svazich, kterych je zde

relativné nejvice v ramci CR.

Specifikem oblasti je jednotvarné geologické podlozi, tvofené piskovei a biidlicemi
vnéjsiho flySe a flySe magurského. Tato geologickd podlozi jsou stiedné bohatd, témet
vibec se nevyskytuji podlozi chudd nebo bohata. Zvétraliny téchto podlozi dosahuji
abnormalni mocnosti. Velmi hojny je vyskyt svahii zna¢nych sklont (praimér 14-15°),

Vv celé oblasti se vyskytuji vysoké srazky (>1000 mm).

Klimaticka charakteristika oblasti
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Primérné ro¢ni teploty se pohybuji v rozmezi 2,3 — 7,2 °C.

Primérny ro¢ni uhrn srazek je 1000 — 1565 mm.

Primérna teplota vzduchu ve vegetacnim obdobi se pohybuje v rozmezi 10 — 13 °C.
Primérny uhrn srazek ve vegetaénim obdobi ¢ini 700 — 900 mm.

Délka vegetacni doby ¢ini 100 — 140 dni.

Primérny pocet letnich dnti roce je 10 — 40 dni.

Primérna sné¢hova pokryvka tvoii 35 — 120 cm.

Primérny pocet dnti se srazkami nad 1 mm je 130 — 150 dnd.

Primérny pocet dnii se srazkami nad 10 mm je 30 — 40 dnti.

Snih se podili 16 — 17 % (se stoupajici nadmotskou vyskou az 24 %) na celoro¢nich
srazkach, do nadmoiské vysky 800-850 m n.m. nabyvaji na vyznamu horizontalni
srazky (mlhy, nizk4 vrstva mracen), které mohou zlep$it vodni bilanci az o 15 %. Vitr

prevlada zapadni, ptipadné severni.

4.2. Prirodni charakteristiky vyzkumnych ploch

Plocha ¢. 1 N49°30°47.5"" E018°20°37.1""

Porost se zastoupenim dievin SM 95, MD 4, BK 1, vék 90 1., pokryvnost dievin 80 %,
pokryvnost podrostu bylin 45 % (Vaccinium myrtillus 31 %, balvany pokryty mechy
nbélomech™ 30 %), piitomnost zmlazeni 0 %, soubor lesnych typd 5Y — skeletova
jedlova bucina.

Matecny substrat flySovy piskovec, siln€ svazity sklon terénu (20 — 25°), okraj
balvanového proudu, pokryvnost balvanti 50 — 70 % povrchu, velikost balvan 5 — 50
cm, 600 m n. m., expozice JJZ, nepiiznivé stanovisté z hlediska obsahu skeletu, vyrazna

propustnost pro gravita¢ni vodu, zvysené riziko intraskeletové eroze.

Ranker podzolovy
Mocnost | Padni horizont | Charakteristika prostiedi

(cm)

0-4 L opad smrkového jehli¢i, ojedinéle travy

4-8 = §lab§ fermentované drt, pfevazuji zbytky smrkového
jehlici, siln€ prokofenény

8-10 H tmave hnéda, gilné prokofenéna mél, nepravidelné
rozlozeni mezi balvany, mocnost se znaén¢ méni,
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nejasny prechod do podlozi, balvanity skelet cca 50 %,
silné prokofenény

tmave Sedy, kypry, mirn¢ vlhky, humusem silné
obohaceny, hlinito-pis¢ity s ojedinélymi vybélenymi

10-30 Ahe zrny SiO,, nepravidelné rozlozeny mezi balvany
(skelet 50-70 %)
cervenorezave hnédy, hlinito-piscity, suchy,
30 (40)-50 Bhs s vyskytem piemisténého humusu, nepravidelné
rozlozeny mezi balvany (skelet 50 — 70 %)
50-70 Bs Zlut(_)rezavé hnédy, hlinitopiscity, prakticky suchy, kapsovité
mezi balvany skelet 50 — 70 %
Plocha ¢. 2 N49°30710.7 E018°20°51.5""

Porost se zastoupenim dievin BK 55, SM 43, KL 1, vék 110 L., pokryvnost dievin 98 %,

pokryvnost podrostu bylin 40 % (Calamagrostis arundinacea 31 %, Rubus sp.,

kapradi), pfitomnost zmlazeni 0 %, soubor lesnych typa 5F — svahova jedlova buéina.

Mate¢ny substrat flySovy jemnozrnny piskovec. Svazity sklon terénu (25-35°), na

povrchu 5 — 10 % balvant, velikost do 20 cm, 815 m n. m., expozice JZZ.

Ranker dystricky, podzolovy

Mocnost | Padni horizont | Charakteristika prostiedi
(cm)
0-3 L opad s prevahou listi buku a opad trav
3.5 = svahova drt,, listy bukt a travy, ptimés ulomku skeletu
(balvany) do 30 %, siln¢€ prokoienény
¢ernd bezstrukturni, siln¢ prokofenénd mél, obsah
5-10 H skeletu v podobé balvanil a drobnych tlomki 50 %,
siln€ prokofenény
10-16 Ah tmave éed_y, sv_étlej §i od nadlozi, pis¢ito-hlinity, vlhky,
skelet velikosti 5 — 20 cm, 50 — 70 %, prokofenény
16-30 Bsv Sedorezave hnédy, hlinity, mirn€ vlhky, 50 — 70 %
prevazn¢ balvanitého skeletu, minimum kotenti
30-70 BVS svétle hnédy, hlinitoprachovity, suchy, balvanity skelet
50-70%
Plocha ¢. 3 N49°29°02.5"" E018°21708.7""

Porost se zastoupenim dievin BK 80, SM 20, vék 66 1., pokryvnost dfevin 98 %,

pokryvnost podrostu bylin 25 % (Calamagrostis arundinacea 10%, Athyrium filix-

femina 10 %), pfitomnost zmlazeni 0 %, soubor lesnych typt 5S — svézi jedlova bucina.

Mate¢ny substrat flySovy piskovec. Sklon terénu (10-20°), na povrchu ojedin€lé

balvany, 880 m n. m., expozice JZZ.
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Kambizem dystricka, podzolovana

Mocnost | Pidni horizont | Charakteristika prosttedi
(cm)
0-3 L prakticky jen listi buku, na spodni vrstevni ploSe
prokofenéni
3.5 = nevyrazny fermentacni horizont, ¢astecné rozlozené
fermentované listi, zietelné prokofenéni
5.9 H tmava bezstrukturni mél, siln¢ prokofenénd, mirné
vlhkd, do hloubky svétl4 a pfibyva minerdlni podil
9-20 Ahe tmava bezstrukturni mél, siln¢ prokofenénd, mirné
vlhkd, do hloubky svétla a ptibyva mineralni podil
Sedohnédy, ve svrchni ¢asti az pis€itohlinity, mirné
20-70 Bv vlhky, ojedin€lé koteny, cca od 40 cm drobny skelet 50
%
Plocha ¢. 4 N49°29°01.9"" E018°21'23.0"

Porost se zastoupenim dievin, etaz 1. SM 100, etaz 2. BK 80, JD 20, etaz 3. SM 100 vek
etaz 1. (6 1) etaz 2. (3 1) etaz 3. (94 1.), pokryvnost dievin 65 %, pokryvnost podrostu
bylin cca 45 %, (Calamagrostis arundinacea 21 %, Vacinium myrtillus), pfitomnost
zmlazeni 5 %, soubor lesnych typt 5S — svézi jedlova bucina.

Matecny substrat flySovy jemnozrnny muskoviticky piskovec. Sklon mirny, témér

rovina (svah do 10°), 890 m n. m., expozice V.

Podzol kambicky
Mocnost | Padni horizont | Charakteristika prostfedi
(cm)
0-2 L opad s ptevahou jehli¢i, trocha travy
2-6 = slabé fermentovana drt’, zbytky jehli¢i, silné
prokotenéni
¢erna, mirn¢ vlhka, kypra, siln¢ prokoienéna me¢l,
6-11 H . "y
pozvolny piechod do podlozi
11-13 Ahe (Ep) tevnk}'/, nasedly, se zfetelnymi vyb&lenymi zrny
kfemene
¢ervenohnédorezavy, humusem mirn¢ zbarveny,
13-17 Bhs piscitojilovity, mirn¢ vlhky, mazlavy, drobny skelet 1-
5cmdo 30 %
17-70 Bsv rezavéhnédy, kypry, vlhky hlinitopiscity, drobny skelet
30 — 50 %, téméf bez kofenti
Plocha ¢. 5 N49°29°02.0"" E018°22°33.3""

Porost se zastoupenim dievin SM 50, BK 50, vek 81 1., pokryvnost dievin 90 %,

pokryvnost podrostu bylin 0,5 % (Calamagrostis arundinacea, Dryopteris dilatata,

Athyrium filix-femina, Maianthemum bifolium, Oxalis acetosella, Polytrichum

formosum), ptitomnost zmlazeni 5 %, soubor lesnych typt 5S — svézi jedlova bucina.
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Mate¢ny substrat flySovy jemnozrnny piskovec. Sklon mirny, téméf rovina (svah do 5°),

850 m n. m., expozice JV.

Podzol kambicky
Mocnost | Padni horizont | Charakteristika prostfedi
(cm)
0-2 L opad bukového listi
rozpadlé bukové listi a vétvicky, silné prokotfenéni
2-4 F A
drobnymi kofinky
4-8 H cernd, bezstrukturni mél, vlhka, silné prokofenéna,
zietelny prechod do podlozi
8-10 Ahe (Ep) tenkd vrstva, tmavoseda kypra piscita
10-18 Bhs ¢ervenohnéda (humusem obohacena), jilovitohlinita,
vlhka, obsah vétSinou drobného skeletu do 30 %
okrove rezaveé hnéda, hlinitopiscita, mirné vlhka,
18-70 Bsv s obCasnym prokotfenénim, obsah drobného i vétsiho
skeletu do 50 %
Plocha ¢. 6 N49°29°04.5"" E018°22716.0""

Porost se zastoupenim dievin etaz 1. BK 60, SM 40, etaz 2. BK 70, SM 20, KL 10, vék
etaz 1. (10 1.) etaz 2. (116 1.), pokryvnost dievin 95 %, pokryvnost podrostu bylin 10 %
(Calamagrostis arundinacea 7 %), ptitomnost zmlazeni 15 %, soubor lesnych typu 5B
— bohaté jedlova bucina.

Mate¢ny substrat zieteln¢ vrstevnata flySova biidlice az prachovec. Sklon mirny, témér
rovnd plosinka pod svahem (10 — 20 °), 915 m n. m., expozice JIV. Zieteln¢

akumulovana ptidni jednotka, jakoby na sebe nasedlé jednotlivé svahové vrstvy,

v hloubce cca 30—40 cm vyrazna vrstva s akumulaci organickych latek.

Kambizem modalni mezobazicka

Mocnost | Padni horizont | Charakteristika prostfedi
(cm)
opad prevazné bukové listi, bukvice, ve spodni ¢asti
0-4 L (F) . AP
zietelné kotinky
cerna strukturni, nejasnd mél, misty zcela chybi,
4-6 H zietelné prokofenéni, prechod horizontu jazykovity
(nepravidelny)
6-10 Ah hnédocerny, hlinity, mirné vlhky, ¢asto nejasny
okrové hnédy, piscitohlinity, mirn€ vlhky, pfevazne
10-70 By drobné ulomky skeletu do hloubky stoupaji az k 50 %,
v hloubce 30 — 40 cm tmavé sedohnédy, humusem
vyrazn¢ obohaceny horizont
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Plocha ¢. 7 N49°29°42.6" E018°21°03.0""

Porost se zastoupenim dievin etaz 1. BK 50 JD 40, SM 10, KL 10 etdz 2. BK 100, etaz
3. KL 98, SM 2, veék etaz 1. (4 1) etaz 2. (25 1.) etaz 3. (160 1.), pokryvnost dievin 80 %,
pokryvnost podrostu bylin cca 65 % (Calamagrostis arundinacea, Luzula sylvatica,
Rubus sp., kapradi), pfitomnost zmlazeni 0 %, soubor lesnych typi SA — klenova
bucina.

Matec¢ny substrat flySovy piskovec. Silné svazity sklon terénu (20—35°), na povrchu do
20 % balvanu, velikost do 20 cm, 855 m n. m., expozice JZ.

Ranker kambicky (podzolovany)

Mocnost | Pidni horizont | Charakteristika prostiedi
(cm)
opad prevazné bukové listi, zbytky kapradin
0-3 L e er ey
a ojedinéle jehlici
3.5 = tmave hnéda, silné rozlozena drt, ztetelné zbytky listi,
prokofenéni
cernd, bezstrukturni, siln€ prokofenénd, mirn€ vlhka
5-11 H mél, cca 50 % jemnozrnného (1 — 5 cm) skeletu, vyskyt
1 vétSich ulomk skeletu
11-17 AR tmaveé hnédy, hlinity, mirn€ vlhky, humusem
obohaceny, cca 50 % skeletu
17-80 By okrov¢ tmavohnédy, hlinity, mirné vlhky,
s ojedinélymi koteny, drobny i hruby skelet 50 — 70 %
Plocha ¢. 8 N49°30710.9"" E018°23°04.4""

Smrkova monokultura, vék 53 1., pokryvnost dievin 80 %, pokryvnost podrostu bylin do
5 % (Vaccinium myrtillus 2 %), pfitomnost zmlazeni 0 %, soubor lesnych typt 6S —
svézi smrkova bucina.

Matecny substrat flySovy piskovec. Mirny sklon terénu (6—10°), 1010 m n. m., expozice
JVV. Celé sonda s nepravidelnym rozmisténim horizontd jazykovitého charakteru.

Podzol modalni

Mocnost | Pidni horizont | Charakteristika prostredi
(cm)
opad smrkového jehli¢i a vétvicek, prakticky bez
0-2 L L o x
dal§ich piimési
2-7 F tmava drt’ rizn¢€ rozlozenych smrkovych jehlic
cerna vrstva mélu s naznaky raseliny, vlhk4, s ndznaky
7-14 H vrstevnatosti, vyrazné prokotfenéla, s ostrym
prechodem do podlozi
14-18 Ahe tr.ngve ,hnveda, hlinita, s1ln?,humusova, mirné vlhka,
diftizni pfechod do podloZzi
18-29 Ep vyrazné Sed¢ zbarveny, vybéleny, piscity se zrny
kifemene
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99-30 Bsh vyrazny rezivé ¢ervenohnédy, piscito-hlinity, mirné
vlhky, téméft bez skeletu, ojedinéle prokotenény
30-70 Bs rezave hnédy, hlinitopisc€ity, mirn€ vlhky, smérem do
hloubky vyrazné pfibyvé skeletu, od 50 cm cca 50 %
Plocha ¢. 9 N49°30°15.5"" E018°23°02.0""

Smrkova monokultura, v€k 54 1., pokryvnost dievin 85 %, prakticky bez vegeta¢niho
pokryvu (Dryopteris expansa 1 %), pfitomnost zmlazeni 0 %, soubor lesnych typu 6S —
svézi smrkova bucina.

Matecny substrat flySovy piskovec. Silné€ svazity sklon terénu (25-30°), 1045 m n. m.,
expozice V. Pida vznikld na smiSené svahoving, do 40 cm vyrazny (30-50 %) podil

ce oy

Kambizem dystricka, oglejena

Mocnost | Padni horizont | Charakteristika prostiedi

(cm)

0-3 L+F vrstva smrkového opadu, na povrchu nerozlozenad, do
hloubky ndznaky rozkladu

3.6 H ¢erna, mirn¢ vlhka, bezstrukturni, s vysokym podilem
jemného skeletu (30 — 50 %)
Sedocernd, hlinitd az prachovitd, mirn€ vlhka, ve

6-14 Ahe spodni Casti Sedne (jemna zrna kiremene), skelet 30 —
50 %
reziveé hnéda, hlinitopiscita, mirn¢ kypra a vlhka,

14-25 Bv (Bvs) znacné skeletnatd (skelet cca 50 %)

2540 Bvg jilovitohlinit4, Sedohnéda, vyrazné vlhka, naznaky
oglejeni, vyrazny ubytek skeletu, jen drobny 10 — 20 %
hlinité (drobtovity rozpad), Sedohnéd4, tmavsi nez

40-80 Bvg nadlozi, prakticky bez skeletu, vlhka, pod 80 cm opét
narlst skeletu

Plocha ¢. 10 N49°30713.5"" E018°24714.2""

Porost se zastoupenim dfevin SM 80, BK 20, veék 43 1., pokryvnost dievin 93 %, témét
bez podrostu bylin do 1 % (Calamagrostis arundinacea, Avenella flexuosa, Rubus
hirtus, Dryopteris expansa, Dryopteris dilatata, Athyrium filix-femina, Oxalis
acetosella, Vaccinium myrtillus), ptitomnost zmlazeni 0 %, soubor lesnych typt 5S —
svezi jedlova bucina.

Mate¢ny substrat flySovy jemnozrnny slidnaty piskovec. Sklon svazity. cca 20°,

vyzkumna plocha téméf na roviné pod mirnym svahem, 845 m n. m., expozice SV.
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Ranker kambicky

Mocnost | Pidni horizont | Charakteristika prosttedi
(cm)
0-4 L mocnd vrstva jehli¢natého opadu, s pfimési vétvicek,
ve spodni ¢asti prokofenéni
4-8 = vyrazna vrstva drt¢ smrkového jehli¢i, cca 20 %
drobného skeletu, silné prokofenéni, téméf suché
SedocCernd, Spatné rozeznatelna od drté, strukturni mél,
8-10 H L . . .
témét bez jemného skeletu, sucha
10-18 Ah Sedy az svétlesedy, prachovitohlinity, témet suchy,
S cca 50 % jemného bfidli¢natého skeletu
hnédosedy, hlinity, témét suchy, do hloubky se
18-70 Bv zvysujicim se obsahem zvétSujiciho se skeletu, bez
prokotfenéni, kamenity skelet 50 — 70 %
Plocha ¢. 11 N49°31'08.6"" E018°23719.9”

Porost se zastoupenim dievin SM 65, SMP 10, BR 10, KOS 5, JR 5, KL 3, BK 2, vék
14 1., pokryvnost dievin 65 %, pokryvnost podrostu bylin 30 % (Dryopteris expansa 20

%), ptitomnost zmlazeni 0 %, soubor lesnych typil SF — svahova jedlova bucina.

Matecny substrat flySovy piskovec. Silné svazity sklon terénu (25 — 35°), na povrchu 15

— 20 % balvanité suti, 840 m n. m., expozice SSV.

Ranker dystricky, podzolovany, oligotrofni

Mocnost | Ptadni horizont | Charakteristika prostredi
(cm)
0-2 L Cerstvy smrkovy opad + vétvicky a pfimés travin
9.7 mocna, stfedné¢ fermentovana drt,, prevazné z jehlici —
prokofenéni
tmave hnéda, mirné€ vlhka, bezstrukturni mél,
7-10 H neodlisitelny pfechod do podlozi, cca 20 % skeletu +
decimetrové balvany
SedoCernd, mirn¢ vlhka, drobtovitd, piscitohlinita,
10-14 Ah (€) kamenity skelet nad 50 %
hnédy az Cervenohnédy, t€z8i nez nadlozi, hlinity,
14-25 Bsh mazlavy. 50 — 70 % skeletu
25.70 Bs/C rezavé hnédy, hlinity, mirn¢ vlhky, skelet + balvany 60
—80%
Plocha ¢. 12 N49°30°57.1"" E018°22°54.4"

Porost se zastoupenim dievin etaz 1. KL75, BK 25, etdz 2. BK 85, KL 15, vék etaz 1.
(19 1) etaz 2. (124 1.), pokryvnost dievin 65 %, pokryvnost podrostu bylin 80 %

(Athyrium filix-femina 31 %, Luzula sylvatica, Calamigrostis villosa), pfitomnost

zmlazeni do 5 %, soubor lesnych typl 5SF — svahova jedlova bucina.
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Matecny substrat flySovd jemnozrnna biidlice, substrat smiSena svahovina, velmi
intenzivni prokofenéni jemnymi vlaskovitymi kofinky cca do 30 cm. Srazny sklon
terénu (30-35°), na povrchu ojedinéle balvany, 835 m n. m., expozice SSZ.

Kambizem rankerova (podzolovana, oligotrofni)

Mocnost | Padni horizont | Charakteristika prostiedi
(cm)

opad bukového listi + javorové listi + trava
0-4 L a kapradiny, ve spodni ¢asti prokofenéni, vyskyt
drobnych tlomka bfidli¢natého skeletu

nejasny naznak horizontu slabé fermentované drté,

4-5 F prokotenéni, skelet 20 %

5.9 H tmaveé hnéda, mirn€ vlhka mél, siln¢ prokoienéna,
jemné kotinky, drobny bfidli¢naty skelet az 40 %

9-17 Ah tmavé hnédy, hlinitopisc€ity, mirné vlhky, velmi silné

jemnymi kotinky prokotfenény, skelet 30 — 50 %

tmavé hnédy, mirn€ vlhky, hlinity, drobtovity, silné
17-30 Bvl prokofenéni, jemny btidlicnaty skelet cca 50 % +
obCasné¢ balvany

okrové hnédy, jilovitohlinity, mirné vlhky, ve
30-80 Bv2 svrchnich 5 cm intenzivni prokofenéni (jemné
kotinky), drobny skelet 30 — 50 %

Plocha ¢. 13 N49°30°55.0"" E018°22°22.1""

Porost se zastoupenim dfevin SM 80, BK 20, vék 51 1., pokryvnost dievin 96 %,
pokryvnost podrostu bylin do 5 % (Dryopteris expansa 3 %), ptitomnost zmlazeni 0 %,
soubor lesnych typil SF — svahové jedlova bucina.

Mate¢ny substrat flySovy piskovec, v profilu ve svrchnich cca 40 cm velmi vysoky
obsah balvanité suté (vice nez 50 %), do hloubky obsah suté¢ vyrazn¢ klesa (20 — 40 %),
15 % balvanité suti, 850 m n. m., expozice SSV.

Ranker podzolovy, oligotrofni

Mocnost | Padni horizont | Charakteristika prostfedi
(cm)
cerstvé suché jehli¢i s ptimési bukového listi,
0-3 L o o
pfitomnost balvanti
3.5 = Spatné definovatelna, siln¢ fermentovana drt’ jehlici
a listi, skelet ve formé balvanii (5 — 20 cm), 30 — 50 %
5.12 H tmavé hnéda az ¢erna, mirné vlhka, bezstrukturni mel,
skelet balvanity, cca 50 %, silné prokofenéni
tmavée Sedy, témét suchy az prachovity se zfetelnymi
12-26 Ah(e) bilymi zrny, skelet 60 — 80 %
26-40 Bhs rezaveé hnédocerveny, hlinitopiscity, mirn€ vlhky, se
zietelnou piimési humusu, prakticky bez kotent, skelet
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30-50%

40-70 Bs rezavé hnédy, hlinity, vlhky, drobny skelet do 40 %

Plocha ¢. 14 N49°31°03.9"" E018°21°55.9”

Porost se zastoupenim dievin SM 60, BK 37, JD 2, BR 1, vék 21 1., pokryvnost dfevin
96 %, témét bez podrostu cca 1 % (Polygonatum verticillatum, Oxalis acetosella,
Dentaria bulbifera, Dryopteris dilatata), ptitomnost zmlazeni 0 %, soubor lesnych typt
5B — bohatd jedlova bucina. Matecny substrat flySova bfidlice az jilovec, zfetelna

bridli¢nata odluc¢nost v celém profilu. Mirny sklon terénu (6 — 10°), 830 m n. m.,,

expozice SZZ.

Kambizem oglejena, mezobazicka

Mocnost | Padni horizont | Charakteristika prostiedi
(cm)
0-1 L malé mnoZstvi opadu smrkovych jehlic
1-3 F silné fermentovana drt’ jehlic
3.7 H cernd, vlhké, bezstrukturni mél, nejasny prechod do
podlozi
.14 Ah hnédy, s nizkym obsahem humusu, hlinity, vlhky,
minimum koteni, drobné biidli¢naté tlomky do 30 %
hnédy (svétle), hlinitojilovity, vlhky (mazlavy), drobné
14-50 Bv bridli¢naty skelet, mnoZstvi do hloubky roste 20 — 40
%
50-80 Bvg rezavé hnédy, s Sedymi skvrnami, hlinitojilovity, vlhky
Plocha ¢. 15 N49°31°19.1"" E018°22°09.4""

Porost se zastoupenim dievin SM 100, vek 55 1., pokryvnost dievin 65 %, pokryvnost
podrostu bylin cca 35 % (Calamagrostis arundinacea 20 %, ojedin¢le Oxalis acetosella,
mechy), pfitomnost zmlazeni 0 %, soubor lesnych typt 5Y — skeletova jedlova bucina.

Mate¢ny substrat flySovy piskovec, svazity sklon terénu (15-20°), sutové balvany

pokryvaji 30 — 50 % povrchu, okraj balvanového mote, 790 m n. m., expozice JV.

Ranker sut’ovy, mezotrofni

Mocnost | Padni horizont | Charakteristika prostiedi

(cm)

0-3 L pfevazné jehli¢naty opad s pfimési vétvicek a travin,
intenzivné prokofenéno
tmava drt, prevazné jehli¢i, téméf sucha, velmi silné

3-8 F prokofenénd, nesouvisla jen mezi balvany, sut’ nad 50
%
cernoseda, bezstrukturni, t¢méf suchd, vyskyt jen mezi
balvany, minimum mineralniho podilu, ve svrchni ¢asti

8-40 H/Ah . .y . S
siln€ prokofenéno, pod 20 cm prakticky bez kotent,
sut’ 70 — 90 %
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zvétralina, prevazné kiemenna, zrna a organicky

40-100 Cr material z nadlozi, vlhké az mokr¢, sut’ v podobé
balvant, 70 — 90 %
Plocha ¢. 16 N49°30°31.7"" E018°1924.3""

Porost se zastoupenim dievin SM 60, BK 37, JD 2, BR 2, vék 84 1., pokryvnost difevin

80 %, téméf bez podrostu do 5 % (Dryopteris expansa 3 %, ojedin¢le mechy),

ptitomnost zmlazeni 0 %, soubor lesnych typti 5Y — skeletova jedlova bucina.

Matecny substrat flySovy piskovec, siln¢ svazity sklon terénu (21-25°), sut'ové balvany

pokryvaji 10 — 30 % povrchu, sut'ové pole, 880 m n. m., expozice V.

Ranker podzolovy sut'ovy

Mocnost | Padni horizont | Charakteristika prostfedi
(cm)
0-2 L prevazné jehli¢naty opad s pfimési vétvicek a dieva
9.7 = tmava drt, prevazné jehli¢i, velmi silné prokofenéna,
nesouvisld jen mezi balvany a skeletem sut’ nad 50 %
tmavy prevazné humusovy, téméf suchy, nepravidelné
7.12 H(Ahe) rozlozeny mezi balvany a suti, nepravideln¢ s povlaky
svétlého kiemitého prachu, prokotenéno, skelet 50 — 70
%
rezavé hnédy, pis€ity, do hloubky postupné t&zsi
12-80 Bs a vlh¢i, skelet smérem do hloubky drobnéjsi a postupné
ubyva
Plocha ¢. 17 N49°29°55.2"" E018°20°26.1""

Porost se zastoupenim dievin SM 100, veék 65 1., pokryvnost dievin 60 %, pokryvnost

podrostu bylin 30-60 % (Avenella flexuosa 44 %, Vaccinium myrtillus), pfitomnost

zmlazeni 0 %, soubor lesnych typli 5L — montanni jasanova ol$ina.

Mateény substrat nivni sediment, rovina, aluvium potoka, 590 m n. m., expozice SV.

Terén na aluvialnim naplavu, cca 4 m nad soucasnym tokem.

Fluvizem kambicka

Mocnost | Padni horizont | Charakteristika prostfedi
(cm)
0-4 L(F) opad jehli¢i, do hloubky mirn¢ rozlozeny
cernd, bezstrukturni, kyprd az mazlava vlhka mél, do
4-9 H(Ah) hloubky svétla a zvysuje se podil pis¢ité frakce (Ah)
prokotenéni
rezave tmaveé hnéda, hlinitopiscita, smérem do hloubky
9-20 Bv se vyleh¢uje a objevuji se zaoblené valouny,
prokofenéni
M1 — hnédy, siln¢ piscity
20-80 M M2 - propléstky jila

M3 — stérkovité valounové polohy
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Plocha ¢. 18 N49°28°57.0"" E018°20°38.2""

Smrkova monokultura, vék 113 1., pokryvnost dievin 45 %, pokryvnost podrostu bylin
cca 95 %, Avenella flexuosa 20 %, Agrostis capillaris 20 %, Vaccinium myrtillus),
pfitomnost zmlazeni 0 %, soubor lesnych typti 5L — montanni jasanova ol$ina.

Matecny substrat nivni sediment, rovina, aluvium potoka, 600 m n. m., expozice V.
Terén na aluvidlnim naplavu, cca 3 m nad souc¢asnym tokem.

Fluvizem modalni (arenicka)

Mocnost | Padni horizont | Charakteristika prostiedi
(cm)
0-2 L tenkd vrstva nerozlozeného jehli¢i
2-9 velmi jemna, praskovitd, tmava, mirn¢ vlhka mél
s nepravidelnou piimé&si drté, silné prokofenéna
hnédy, jen nepatrné tmavsi mineralné humusovy
9-15 A(Ah) horizont, pis¢ity, s pfimé&si valound, naznak
vrstevnatosti, téméf bez korenu
15-60 M1 tmave¢ hnédy, vrstevnaty, zrnitostné vytiidény pisek
60-90 M2 polohevl d’eslfovit}’/ch valounta 2 — 15 cm, meziprostor
vyplnény piskem
Plocha ¢. 19 N49°28°07.0"" E018°21719.6""

Smrkova monokultura, vék 58 1., pokryvnost dievin 45 %, pokryvnost podrostu bylin 95

% (Vaccinium myrtillus 56 % mechy prevazné Sphagnum sp.), ptitomnost zmlazeni 10

%, soubor lesnych typt 60 — svézi smrkova jedlina.

Matecny substrat flySova jilovita bfidlice, podmacena smrcina v depresni sniZzening,

prakticky rovina (0 — 5°), 630 m n. m., expozice JZ.

Glej histicky

Mocnost | Pidni horizont | Charakteristika prosttedi

(cm)

zivy raselinik, do hloubky postupné svétla (odumiely),
0-12 Ot MU

obcas vétvicky

tmave hnéda, vlhka az mokra, slabé prokotenéna se
12-45 Tf . .o

zbytky dfeva, raselina

jilovita, mazlava, vlhka, Sedozelena, s ojedin€élymi
45-70 Gr hnédymi Smouhami u kotenu, do spodiny s pfimési

bridli¢natého skeletu
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Plocha ¢. 20 N49°27°56.5"" E018°21°04.6""

Smkrova monokultura, vék 51 1., pokryvnost dievin 15 %, lokalita na malé raSelinné
louce, pokryvnost podrostu bylin 100 % (Sphagnum sp. 94 %, Vaccinium myrtillus),
piitomnost zmlazeni 0%, soubor lesnych typti 60/R — svézi raselinna smréina.

Matecny substrat pravdépodobné flySova jilovita bfidlice. Téméi rovina, chladna
inverzni sniZzenina, 640 m n. m., expozice JJV. Hladina podzemni vody v hloubce 20 —
30 cm.

Organozem fibricka

Mocnost | Pidni horizont | Charakteristika prostiedi
(cm)
0-15 ot zivy raselinik, do hloubky postupné svétla (odumiely),
obcas vétvicky a kusy dieva
15-35 Tf1 tmava, mokra, raSelinikova a dfevni hmota
svétlejsi s vétsim mnozstvim dfevni hmoty, mnozstvi
35-115 T2 S v o . A
silnych kofentli ve 115 cm stéle raselinny horizont
Plocha ¢. 21 N49°28°44.6"" E018°22°43.3""

Porost se zastoupenim dievin BK 95, SM 5, vék 110 1., pokryvnost dfevin 96 %, hola

bucina, t¢méf bez podrostu cca 1 % (Polytrichum formosum), pfitomnost zmlazeni 0 %,

soubor lesnych typt 5B — bohata jedlova bucina.

Pidotvorny substrat, sttidani tenkych vrstev prachovce a piskovce, svdzny sklon terénu

(15 - 20°), na povrchu do 10 % skeletu, 720 m n. m., expozice JZ.

Kambizem rankerova, podzolovana

Mocnost | Padni horizont | Charakteristika prostredi
(cm)

0-3 L opad bukového listi, bukvice, ilomky dieva

3-5 nevyraznd slabé rozlozend drt’

58 H tmava, ¢ernohnéda, vlhka, bezstrukturni mél, velmi
siln¢ prokofenénd, drobné ulomky skeletu (do 20 %)
nevyrazna, kastanoveé hnéda, dospodu svétla,

8-11 Ah prachovitohlinita, vlhka, jemné prokofenéna, skelet 30-
50 %
okrové hnéda, piscitohlinita (prasi, vysoky podil

11-75 Bv prachu), svétlejsi a okrovéjsi nez nadlozi, cca od 20 cm
nad 50 % drobného skeletu
Plocha ¢. 22 N49°28°36.2"" E018°22°54.0”"

Smrkova monokultura, vék 65 1., pokryvnost dievin 65 %, prakticky bez podrostu cca. 2

% (Avenella flexuosa 1 %, Vaccinium myrtillus 1 %), pfitomnost zmlazeni 0 %, soubor

lesnych typl 5B — bohata jedlova bucina.
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Pidotvorny substrat jemnozrnny flySovy piskovec, mirny sklon terénu (6 — 10°), 680 m
n. m., expozice J.

Kambizem dystricka, podzolovana

Mocnost | Padni horizont | Charakteristika prostfedi
(cm)
0-6 L(F) opad smrkového jehli¢i, do hloubky prakticky bez
rozkladu, suchy
6-9 H tmava, ¢ernd, bezstrukturni, siln¢ prokofenénd mél
9.15 Ah(e) kasta’nove sv?tlevhrrleda, hlinita, dospodu svétla, témét
sucha, prokotfenéna
15-30 Bv(s) rezave %H}('ada, hlinita, mirné vlhka, s ptiméesi prachu
(eolickd Cinnost)
zlutohnéda, jilovitohlinita, s pfimési prachu, mirné
30-70 Bv vlhka, do hloubky stoupa obsah skeletu, cca od 50 cm
nad 50 %
Plocha ¢. 23 N49°2824.6"" E018°24'59.5"

Porost se zastoupenim dfevin SM 99 OL 1, v€k 32 I, pokryvnost dievin 15 %,
pokryvnost podrostu bylin 97 % (Sphagnum sp. 56 %, ojedinéle Vaccinium myrtillus,
kapradi, Menyanthes trifoliata), ptitomnost zmlazeni 0 %, soubor lesnych typu 60/R —
sveézi raselinna smrcina.

Pidotvorny substrat flySova jilovitd btidlice, lokalitu lze rozdé€lit na tizemi piimo
uprostied deprese, kde je raSelinéni intenzivngjsi a vyssi zamokieni, smérem k pasti €. 1
terén mirng stoup4, raselinéni je méné hluboké, hladina podzemni vody v centru deprese
v cca 50 cm, u okraje v cca 80 cm Témét rovinny terén, dno mirné deprese (0—5°), 540
m n. m., expozice JV.

Organozem mesicka, oligotrofni

Mocnost | Pidni horizont | Charakteristika prostredi
(cm)
0-15 Ot zivy a odumfely raselinik, svétle hnédy
hnédy, raselinny horizont, ilomky dievni hmoty, kiiry
15-60 Tml i vyskyt celych kment, mokré, cca do 50 %
prokofenéni
60-110 Tm2 oproti noad1021 vy$$i obsah dfevni hmoty a téméf vrstva
z kmenti
Sedomodri, jilovita, plasticka, ulomky nazelenalé
110-? Gr e o y
flySové bridlice a vybélend zrna kiemene
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Plocha ¢. 24 N49°28°28.4"" E018°25°01.5""

Porost se zastoupenim dfevin SM 85, OL 10, OS 5, vék 37 1., pokryvnost dfevin 55 %,
pokryvnost podrostu bylin 80 % (Sphagnum sp. 44 % ojedin€le Vaccinium myrtillus,
mechy), pfitomnost zmlazeni 0 %, soubor lesnych typti 60 — svézi smrkova jedlina.
Pudotvorny substrat flySovy drobnozrnny piskovec, stéidani s biidlici povrch prakticky
suchy, téméf rovina (0 — 5°), 540 m n. m. expozice J.

Pseudoglej modalni, podzolovany

Mocnost | Padni horizont | Charakteristika prostfedi

(cm)

prevazné nerozlozené smrkové jehlice, kousky
0-4 L e x y i .

vétvicek a dieva, prakticky suché

mavsi, ¢astecné rozlozeny, ztetelnd piivodni ktur
4-7 F(H) tmavsi, ¢astecné rozlozeny, zietelna ptivodni struktura,

prokofenéno, mirn€ vlhké

tmavé hnédy, vlhky, hlinitojilovity velmi silné
7-16 Ahn prokofenény, ve spodni ¢asti ndznak mirného
vysvétleni a vylehceni, zietelny piechod do spodiny

svétleSedy s ojedin€lymi novotvary brockd,

16-22 En hlinitojilovity
99-70 Bm mramorovany, vyrazné¢ Smouhovity, vlhky, do hloubky
az mokry, jilovitohlinity do hloubky az jilovity
Plocha ¢. 25 N49°29°29.3"" E018°21°00.6""

Porost se zastoupenim drevin etaz 1 SM 80, BK 20, etaz 2 BK 85, SM 15, vék etaz 1.
(31 L) etaz 2. (49 1.), pokryvnost dievin 70 %, pokryvnost podrostu bylin 30 %
(Calamagrostis arundinacea 21 %, ojedin¢le kapradi), ptitomnost zmlazeni 0 %, soubor
lesnych typl SA — klenové bucina.

Pidotvorny substrat drobnozrnny flySovy piskovec, siln€ svazity sklon terénu (21 —
30°), na povrchu cca 5 — 10 % balvany, 850 m n. m., expozice JZZ.

Kambizem rankerova, podzolovana

Mocnost | Pidni horizont | Charakteristika prosttedi

(cm)
0-2 L opad bukového listi pfimés bukvice a trdva
drt’ pfevazné bukového listi a vétvicek silné
2-7 F M .
prokotenéla, téméi sucha, skelet
7.14 H(Ah) tmava, slab¢ strukturni m¢l, siln¢ prokotenéla, skelet

20 — 40 %, neoddélitelnd (jen svétla-hnédne)

tmaveé hnédy, hlinity (prachovity), destickovita
14-20 Bvl struktura, t¢émét suchy, tmavsi nez podlozi, kofenti
ubyva, skelet 20 — 40 %

okroveé hnédy, pisCitohlinity, od 30 cm skelet

20-80 Bv2 ostrohranny nad 50 %
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Plocha ¢. 26 N49°29727.8"" E018°20°58.1""

Porost se zastoupenim dievin SM 90, BK 9, MD 1, vek 88 1., pokryvnost dievin 85 %,
pokryvnost podrostu bylin 45 %, (Dryopteris dilatata 31 %, mech), pfitomnost
zmlazeni 0 %, soubor lesnych typti SA — klenova bucina.

Pidotvorny substrat flySovy piskovec, srazny sklon terénu (31-35°), na povrchu cca 20
— 40 % ostrohranného skeletu, 850 m n. m., expozice SZZ.

Ranker sut’ovy

Mocnost | Padni horizont | Charakteristika prostfedi
(cm)

0-8 L(F) jehli¢naty opad s ptimési vétvicek a listi, velmi silné
prokotenély, drobny skelet 20-40 %, téméf suchy
tmava bezstrukturni mél, téméf suchd, do hloubky

8-20 H(Ahe) zvySeny mineralni podil, zasahuje mezi skeletem do
hloubky, na povrchu balvant naznak svétlého prachu,
prakticky bez prokotenéni (skelet 70 — 90 %)
jen sut’ s minimem prostoru vyplnéného zasakujicim

20-90 AN/Cr humusem, skelet 70 — 90 %
Plocha ¢. 27 N49°30°32.6"" E018°18713.2""

Porost se zastoupenim dfevin BK 90, SM 10, vék 15 1., pokryvnost dievin 65 %,
pokryvnost podrostu bylin 80 % (Calamagrostis arundinacea 36 %, kapradi),
pritomnost zmlazeni 0 %, vysadba jedli, soubor lesnych typi 6S — svézi smrkova
bucina. Pidotvorny substrat flySovy piskovec, svazny sklon terénu (11-20°), 1000 m n.
m., expozice SVV.

Kambizem rankerova, mesobazicka

Mocnost | Padni horizont | Charakteristika prostiedi
(cm)
0-2 L opad bukového listi, pfimés traviny
2.8 F(H) tmfwaovlhka drt’, jen na bazi naznak mély, téméef bez
kotenil
8-11 Ah nezietelny jen naznak, kaStanoveé hnédy (prusak
humusu), hlinity, mirné vlhky, obCasny skelet
11-40 By rezave hnedzf, h}lIlrltO-pISCIty, mirné vlhky, skelet 20 —
40 %, prokotenéni
i rezave hnédy, témét dlazba z desek piskovce (skelet 50
40-85 Bv/C _ 70 %), téméF bez kofenti
Plocha ¢. 28 N49°30°40.6"" E018°18710.7""

Porost se zastoupenim dfevin BK 90, SM 10, vék 15 1., pokryvnost dievin 97 %,
pokryvnost podrostu bylin 40 % (Calamagrostis arundinacea 22 %, kapradi, ojedin¢le

Oxalis acetosella), pfitomnost zmlazeni 0 %, vysadba jedli, soubor lesnych typt 6S —
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svezi smrkova bucina. Pldotvorny substrat jemnozrnny Sedy flySovy piskovec, silné

svazity sklon terénu (25 — 30 °), 1020 m n. m., expozice SVV.

Kambizem modalni mezotrofni

Mocnost | Padni horizont | Charakteristika prostfedi
(cm)
0-2 L opad bukového listi s pfimési bylin
2.8 F(H) tmavy siln¢ fermentovany, vrstevnaty, mirné vlhky,
siln¢ prokotenély, na bazi nezietelny Oh
tmave hnédy (hnédocerny), hlinity, mirné vlhky, silné
8-16 Ah prokotenély, do 20 % drobného skeletu, pozvolny
ptechod do podlozi
Sedohnédy, tmavsi (od humusu) a leh¢i nez podlozi, do
16-20 Bvl 30 % skeletu, mirng vihky
20-90 B hnédy hlinity, skeletnatost 30 — 50 %, ojedinélé
- V2 Y . oy b
prokofenéni az do spodiny, mirné vlhky
Plocha ¢. 29 N49°31°38.5"" E018°23712.9”"

Porost se zastoupenim dievin SM 100, vék 89 1., pokryvnost dievin 70 %, pokryvnost

podrostu bylin 25 % (Rubus hirtus 3 %, mechy na balvanech), ptitomnost zmlazeni 0 %,

soubor lesnych typii 4Y — skeletova bucina.

Pidotvorny substrat flySovy kiemity piskovec, svazity sklon terénu (15-20°), balvanovy

proud cca 50 m pod skalnim vychozem, balvany pokryvaji 50 — 70 % povrchu, 600 m n.

m., expozice JV. Hloubka horizontl je jen orienta¢ni mezi balvany (5-30 cm) nelze

piesné urcit.

Ranker podzolovy
Mocnost | Padni horizont | Charakteristika prostfedi

(cm)

0-3 L prevazné jehlicnaty opad, prokotenély

3.7 = silng€ prokotenéla drt’ (jehlici, vétvicky a kofeny),
skelet do 50 %

7-15 H tmava bezstrukturni mél mezi balvany, n€kde zcela
chybi, neoddé¢litelna od podlozniho Ah(e), prokoienéla
tmave Sedy mineralni hor. S vyskyty vybélenych zrn

15-20 Ahe kifemene (na povrchu skeletu), prokofenéni vyrazné
ubyva, skelet nad 50 %

20-30 Bhs tmave hnédy (humusem obohaceny), pis¢ito-hlinity jen
mezi balvany, skelet balvanity 50 — 70 %

30-60 Bs rezivé hnédy, hlinity, skelet 50 — 70 %
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Plocha ¢&. 30

N49°31°17.1"" E018°18°57.4""
Porost se zastoupenim dievin SM 95, MD 2, BK 2, DB 1, vék 90 L., pokryvnost dievin

65 %, pokryvnost podrostu bylin do 20 % (Rubus hirtus 5 %, obc¢as kapradi, travy

a mech), ptitomnost zmlazeni 0 %, soubor lesnych typt 4S — svézi bucina.

Pidotvorny substrat flySova jilovita bfidlice, pida na svahoviné¢ stiidani razné

skeletnatych poloch, mirny sklon terénu (6-10°), 620 m n. m., expozice SSV.

Kambizem modalni oligotrofni

Mocnost | Pidni horizont | Charakteristika prostiedi
(cm)
0-3 L opad smrkového jehli¢i
3-5 F slabé az stfedné rozloZeny opad, jehlici
) Sedy hlinitojilovity, prokotfenély, t¢émét suchy, drobny
512 AP(H) ] pridlicnaty skelet do 10 %
tmavé hnédy, hlinity, vlhky, se zateky z nadlozi, siln¢
12-28 Bvl skeletnaty 50 — 70 %, cca 10 cm mocna vrstevnata
poloha bfidli¢natého skeletu
svétle okroveé hnédy, prachovito-hlinity, sussi, skelet
28-80 Bv2 30-50 %
Plocha ¢. 31 N49°29°45.2"" E018°21'34.2""

Porost se zastoupenim difevin SM 95, BK 5, vék 60 1., pokryvnost dievin 80 %,
pokryvnost podrostu 20 % (Vaccinium myrtillus 10 %, Oxalis acetosella, mechy),
pritomnost zmlazeni 0 %, soubor lesnych typi 6S — svézi smrkova bucina.

Pidotvorny substrat flySovy drobnozrnny piskovec s biidlicnatou odlu¢nosti, svazity

sklon terénu (11-15°), 1100 m n. m., expozice J.

Kryptopodzol modalni (rankerovy)

Mocnost | Padni horizont | Charakteristika prostfedi
(cm)
0-3 L(F) jehli¢naty opad do hloubky jen minimalné rozlozeny
3-6 H zietelny malo mocny, ¢erny, mirn¢ vlhky hor.
bezstrukturni méli, prokotenély, drobny skelet do 30 %
6-14 Ah(e) vyrazn¢ tmaveé hnédy, pis¢ito-hlinity, mirné vlhky,
prokotenély, drobny skelet 30 — 50 %
hlinit&j$i a svétlejsi nez nadlozi, témét bez kotfent,
14-25 Bsv skelet cca 50 %
25-80 B/C reziveé tmavohnédy hlinity, skelet 50 — 70 %
Plocha ¢. 32 N49°30°18.9" E018°22"14.8""

Smrkova monokultura, vék 250 1., pokryvnost dievin 40 %, pokryvnost podrostu bylin

85 % (Vaccinium myrtillus 66 %), pfitomnost zmlazeni 0 %, soubor lesnych typt 7S —

sveézi bukova smréina.
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Pudotvorny substrat flySovy piskovec, siln¢ svazity sklon terénu (21-25°), skelet na

povrchu porostly, 1190 m n. m., expozice JJV.

Ranker podzolovy
Mocnost | Padni horizont | Charakteristika prostfedi
(cm)
0-5 L(F) opad jehli¢i a hodné mechu, SiSky, mokry, prokotenély,
skelet drobny do 20 %
5-11 H ¢ernd bezstrukturni mél, vlhka silné€ prokotenéla, skelet
30-50 %
Sedocerny piscitohlinity, humusem z nadlozi zbarveny,
11-18 Ah(e) vlhky, slabé prokofenély, ojedin€lé vybélené zrna,
skelet cca 50 %
tmavé rezivy, pis€itohlinity, mokry, bez kotend, skelet
18-36 Bsh 5070 %
36-75 B/Cr tmaveé hnédy (zabarveny od zasakujiciho humusu),
hlinitopis¢ity, mokry, skelet nad 70 %
Plocha ¢. 33 N49°30°17.4"" E018°22°08.1""

Porost se zastoupenim dievin SM 90, KOS 10, vék 69 1., pokryvnost dievin 50 %,
pokryvnost podrostu bylin 70 % (Vaccinium myrtillus 44 %, kapradi mechy),
ptitomnost zmlazeni 0 %, soubor lesnych typti 7S — svézi bukova smr¢ina.

Pidotvorny substrat flySovy piskovec, mirny sklon terénu (6-10°), 1210 m n. m,,

expozice JVV.

Podzol modalni (rankerovy)

Mocnost | Padni horizont | Charakteristika prostfedi
(cm)
0-3 L jehli¢naty opad + mech+ kofeny
3.7 = hnédé rozlozené jehli¢i, mech, siln€ prokotenély, mirné
vlhky, skelet do 20 %
¢erna bezstrukturni vlhka mél, prokotenéla,
7-12 H neoddélitelnd od podlozi (svétle hnéda), skelet cca 20
%
hnédy do hloubky az hnédosedy, zprvu piscitohlinity
12-16 Ahe do spodiny piscity, s jazykovitymi (kapsovitymi)
zateky do spodiny, vlhky, skelet do 30%
nepravidelny, Sedy, se zfeteln¢ vybélenymi zrny
16-18 Ep kfemene, ostry barevny piechod do podlozi, kapsovité
zateky
18-23 Bhs éervejnohnéd}'l hlinity, povlaky na skeletu az cervené,
vlhky, skelet 30 — 50 %
23-70 Bs rezave hnédy, pis€itohlinity, vlhky bez kotent, skelet
postupn¢ do hloubky nariasta nad 50 %
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Plocha ¢. 34 N49°30°08.5"" E018°22720.6""

Porost se zastoupenim dfevin SM 85, BK 15, vék 256 1., pokryvnost dievin 30 %,
pokryvnost podrostu bylin 75 % (Vaccinium myrtillus 56 %, mech, kapradi), pfitomnost
zmlazeni 0 %, soubor lesnych typt 6S — svézi smrkova bucina.

Pidotvorny substrat flySovy piskovec, svazity sklon terénu (15 — 20°), 1090 m n. m.,
expozice JV.

Podzol modalni (rankerovy)

Mocnost | Padni horizont | Charakteristika prostfedi
(cm)
0-3 L jehli¢naty opad + kotinky (F chybi)
3.6 H cernd bezstrukturni mél, jasny barevny ptechod do
podlozi, vlhka prokofenéld, skelet do 20 %
6-9 Ahe ne'V}'/razny,_ hnédocerny (humusem zbarveny),
hlinitopis€ity, vlhky, prokotenély, skelet do 20 %
9-15 Ep svétle hnédoéﬁdy, piséity, vybélena zrna kiemene, jen
mirné vlhky, jiZ minimum kotent, skelet do 20 %
15-99 Bsh cernohnédorezivy s povlaky na skeletu, piscitohlinity,
vlhky, skelet 20 — 40 %
99-80 Bs rezave svétle hpéd}'/, hlinity, vlhky az mokry (pod 60
cm mirné oglejeny Bsg), bez kotentl, skelet cca 50 %
Plocha ¢. 35 N49°31'09.6"" E018°19713.2""

Porost se zastoupenim dievin BK 100, v€k 45 1., pokryvnost dievin 95 %, téméf hola
bucina, ojedinéle kapradi, (Luzula luzuloides, Calamagrostis arundinacea, Carex
sylvatica), pfitomnost zmlazeni 0 %, soubor lesnych typt 4S — svézi bucina.

Pidotvorny substrat flySovy piskovec + jemnozrnna flySova bfidlice, pravdépodobné
eolicka ptfimes, mirny sklon terénu (6 — 10°), 620 m n. m., expozice SV.

Kambizem modalni slabé oglejena mesotrofni

Mocnost | Padni horizont | Charakteristika prostfedi
(cm)
0-2 L jen opad bukového listi, minimalné rozlozeny, suchy,
chybi Of a Oh
9.7 Ah jen opad bukového listi, minimalné rozlozeny, suchy,
chybi Of a Oh
750 By svétle hnédy, prachovitohlinity, témef suchy, slabé
prokotenéni, drobné ulomky biidlic do 20 %
hlinity, hnédy, naznaky rezavych skvrn
50-80 Bvg a mramorovani, mirn¢ vlhky, skelet do 20 % (Glomky
bridlic a piskovce), naznak oglejeni vodou stékajici
v profilu po svahu
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Plocha ¢. 36 N49°28°46.6"" E018°23°39.6"

Porost se zastoupenim dievin SM 98, BK 2, vék 25 1., pokryvnost dfevin 80 %,
pokryvnost podrostu bylin 30 % (Calamagrostis arundinacea 10 %, Vaccinium
myrtillus 10 %, mechy), pfitomnost zmlazeni semenacky smrku do 10 %, soubor
lesnych typt 5S — svézi jedlova bucina.

Pidotvorny substrat flySovy piskovec, mirny sklon terénu (6 — 10°), 640 m n. m.,

expozice V.

Kambizem modalni oligotrofni

Mocnost | Padni horizont | Charakteristika prostiedi
(cm)
0-4 L(F) jehliénaty opad + travy, jen ¢aste¢né rozlozeny
4-7 H tmave hnéda bezstrukturni mé¢l s jemnym mineralnim
podilem, siln¢ prokofenéld, témet suchd, bez skeletu
7.13 Ah kastanoveé hnédy, hlinity, prokofenély, mirné vlhky,
drobny skelet do 20 %
13-70 By svétle zZlutohnédy, hlinitopis€ity, mirné vlhky,
prokotenély, obsah skeletu do hloubky roste 20 — 40 %
Plocha ¢. 37 N49°28°19.5"" E018°23°34.9”

Smrkova monokultura, veék 94 1., pokryvnost dievin 80 %, pokryvnost podrostu bylin 23

% (Calamagrostis arundinacea 10 %, Vaccinium myrtillus 10 %, kapradi), pfitomnost

zmlazeni 0 %, soubor lesnych typt 5S — svézi jedlova bucina.

Pidotvorny substrat flySovy hrubozrnny kiemity piskovec, mirny sklon terénu (6 — 10°),

630 m n. m., expozice Z.

Kambizem dystricka slabé oglejena

Mocnost | Padni horizont | Charakteristika prostfedi
(cm)
0-5 L(F) jehli¢naty opad, vétvicky, byliny
5.7 H nevyrazné hor. mély, na bazi svetly prachovy povlak,
suchy, prokoienély
hnédy, pisCitohlinity, slabé humusovy, suchy,

7-12 Ah(e) prokofenély, vyraznd zrna kfemene (vyvétrala
Z hrubozrného piskovce)

19-60 By zlutohnédy, hlinitopisCity, témet suchy, velké
zakulacené balvany (5 — 50 cm), ojedinélé kotfeny
piscitohlinity, hnédy s Sedymi Smouhami (ndznak

60-85 Bvg mramorovani), mirn¢ vlhky, bez kotena, skelet do 20
% a zakulacené balvany
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Plocha ¢. 38 N49°31713.5"" E018°18°06.6""

Porost se zastoupenim dievin SM 60, BK 35, MD 3, JD2, vék 35 1., pokryvnost dievin
94 %, bez vegetacniho krytu a zmlazeni, soubor lesnych typt 4S — své€zi bucina.
Pidotvorny substrat flySovy piskovec, v hloubce 5 - 0 cm poloha ostrohrannych balvanti
piskovce (periglacialni svahové pohyby, soliflukce). Mirny sklon terénu (6 — 10°), 620
m n. m., expozice S.

Podzol kambicky slabé oglejeny

Mocnost | Padni horizont | Charakteristika prostfedi
(cm)

0-3 L(F) jehli¢naty opad jen mirné rozlozeny

cernd bezstrukturni, suchéd mél, prokotenéla,
neoddélitelnd od Ahe, do hloubky nartist mineralniho
3-10 H podilu, na bazi zietelnd vybélend zrna kifemene, v hor.
velké mnozstvi (cca 50 %) ostrohramnych balvant (5 —
30 cm), nerozliSitelné kapsovité hranice horizontt

Sedy, hlinitopiscity, s vyb&lenymi povrchy hrubého

10-12 Ahe
skeletu
i okrové hnédy, hlinity, mirn¢ vlhky, prokotenély,
12-20 Bvs balvanity skelet 30 — 50 %
rezave hnédy, hlinitopiscity, vlhky, skelet drobny do 20
20-45 Bs o DN
%, prokotenély
45-80 Bsg hnédy do spodiny Sedohnédy, hlinity vlhky, skelet do

50 %, nadznaky oglejeni

4.3. Metodika vybéru vyzkumnych lokalit a jejich stabilizace v terénu

Vyzkumné plochy byly vybrany za pomoci pracovnikit UHUL ve Frydku-Mistku (Ing.
Ziarnik) na zikladé typologické revize stavajicich udaji v hospodaiské knize
a typologickych mapach. Vybér lokalit sleduje cil postihnout maximalni spektrum
mezo-klimatickych podminek masivu Smrku a Knéhyné v Moravskoslezskych
Beskydech. Navrzena sit’ vyzkumnych lokalit zachycuje vyskovy gradient 540-1220 m
n. m., trofické rozpéti od piid oligobazickych (kryptopodzoly a podzoly) az po pudy eu-
mezobazické (kambizemé, rankery), hydrické rozpéti od pud bez hydromorfniho
ovlivnéni az po pidy trvale ovlivnéné vodou (organozemé), rtizné geomorfologické
tvary a uplné spektrum expozic terénu, dva mikroekologicky vyrazné odlisné porostni
typy (bukovy a smrkovy) ve vékovém rozpéti (6-259 let). Celkem osm lokalit je
soucasti piirodnich rezervaci (plocha 7, 34, 32, 31), patii do PR Smrk, plocha 6 patii do
PR Studencany, plocha 12 patii do PR Bucaci potok a plocha 20, 19 patii do PR
Podolanky.
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Vyzkumné plochy byly zakladany ve dvou etapach. 27. 04. 2007 bylo vybrano 38 ploch
a umisténo 15 klimatickych stanic, 10. 04. 2008 bylo rozsifeno méfeni klimatickymi
stanicemi na dalSich 15 ploch. Pii zakladani vyzkumnych ploch byla piislusna plocha
zaméfenda pomoci GPS pro dlouhodoby charakter vyzkumu (podrobny piehled viz
publikace 1.). Sit vyzkumnych ploch se rozklada na plose 58 km? iika je 8,45 km

a délka 6,85 km. Primérna vzdalenost mezi plochami je 1,2 km.

4.4. Metodika sbéru epigeické a pudni fauny

Sbér epigeické fauny byl zalozen na standardni metodé formalinovych zemnich pasti.
Zemni past tvoii sklenice o objemu 4 litrt s primérem hrdla 93 mm. Sklenice byla
zakopana v zemi surovni terénu tak, aby jeji okraj byl lehce piekonatelny pro
epigeickou faunu. Jako smrtici konzervaéni medium byl pouzit 4% roztok
formaldehydu s detergentem (JAR) a past byla kryta plechovou stfiskou, omezujici
vstup destovym srazkam a necistotam. Na kazdé lokalité bylo nainstalovdno 5 pasti,
uspotradanych liniové s odstupy 10 m. Zalozeni pasti se uskuteCnilo na zacatku
vegetatniho obdobi, zpravidla 1.5. Kontrola pasti se realizovala v intervalu 6 tydnt
(jarni 15.6., letni 30.7., pozdné letni 15.9. a podzimni 30.10.). V kazdém terminu odbéru
byl ziskan smésny vzorek ze vSech pasti za porost, ktery byl konzervovan v 75%
etanolu. Nasledovalo roztfidéni odchytu v laboratornich podminkach a determinace. Ze
zajmovych skupin zoocendzy byly tiidény tyto: Araneida, Opilionoidea, Oribatoidea,
Chilopoda, Diplopoda, Oniscidae, Lumbricidae, Carabidae, Elateridae, Staphylinidae,
Curculionoidea, Silphidae, Catopidac. Soub&zné byli ur¢eni drobni zemni obratlovci

(necilova slozka), z nichz néktefi maji vazbu k plidni a epigeické faune.

Zastupci Chilopoda, Diplopoda a Isopoda: Oniscidea byli za obdobi 2007 — 2009
determinovani ve spolupraci s RNDr. Mgr. lvanem Hadrianem Tufem, Ph.D., a Mgr.
Janou Tufovou, Ph.D. (Univerzita Palackého Olomouc), kde byl autor disertacni prace
proskolen pro samostatnou determinaci. Ostatni sbéry byly determinovany samostatné

autorem s ptipadnymi konzultacemi a revizemi.

Jako doplnujici metoda sbéru pidni fauny byla pouzita extrakce pudnich bezobratlych
metodou tullgrenti, kdy pudni vzorky odebrané ze sond 25x25x15 cm (4 sondy na
porost, termin odbéru aspekt jarni prelom V/VI a podzimni IX/X) byly ulozeny
Vv laboratornich podminkach do tullgreni a postupnym vysouSenim zeminy teplem

zarovky (60 W) byla zachycena Zivocisna slozka (Chilopoda, Symphyla, Lumbricidae,
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Elateridae (larvy) sdeterminaci na trovni druhu, Symphyla, Protura, Diplura,
Collembola, Oribatoidea, Staphylinidae zustala kvantifikace pocetniho zastoupeni pro
nerealnost determinace). Tullgrenliv pfistroj (Novak et al. 1969), ptepracovano Tuf,
Tvardik (2005) a upraveno Kula et al. (2004) pro potieby fesené¢ho projektu — selekéni
metoda.

Pii tfidéni Chilpoda, Diplopoda a Isopoda: Oniscidea bylo rozliseno zna¢né mnozstvi
juvenilnich stadii s obtiznou a neptfesnou determinaci. Proto nebyla tato metoda dale

vyhodnocovéna.

4.5. Metodika pedologického prizkumu

K pedologickému prizkumu bylo uzito plidnich sond. Na kazdém stanovisti byla
vykopana pudni sonda umoznujici celkovy popis pidniho profilu, stanoveni hloubky
jednotlivych horizonti a odbér vzorkl (IX/2009) na chemickou analyzu jednotlivych
ptdnich horizontt dle Taxonomického klasifikaéniho systému pid Ceské republiky
(Némecek et al. 2001). Sondy byly situovany pfiblizné ve stfedu vyzkumné plochy
Vv dostate¢né vzdalenosti od stromu. Pidni sondy byly kopany manualné. Samotny popis
puidnich profili a odbér vzorki provedl doc. Mgr. Ales Bajer, Ph.D. (Mendelova
univerzita v Brn¢). Chemicka analyza ptdnich vzorkii byla zpracovana firmou
Laboratot MORAVA, s.r.o. Na zdkladé¢ vysledkli analyz byly vybrany nékteré
charakteristiky a sestaveny do SirSich skupin tak, aby jich bylo mozno vyuzit
k vysvétleni vazby na epigeickou faunu. Vzhledem ke komplexnosti ptidniho chemismu
byly vlastni vystupy analyz rozdéleny do nasledujicich skupin:

Vyménné prvky (e) — pfi chemické analyze byla stanovena koncentrace vyménného
protonu H*, Al" (metodou titraéni potenciometrie), vyménné prvky Ca**, Mg?*, K*, Na*
(podle CSN ISO 11260).

Obsah vyménnych prvki jsme pro zjednoduseni analyz CANOCO zafadili do kategorii.
Vyménné prvky obsazené v pudnim prostiedi, které se vyskytuji na koloidech, jsou
dobfe piistupné pro rostliny. Pfi analyze jsme je oznacili jako vyménny proton hliniku
(eH), vyménny vapnik (eCa), vyménny hoicik (eMg), vyménny draslik (eK), vyménny
sodik (eNa) cmol*.kg™.

Piistupné prvky (pa) — tvoii skupinu prvki, které jsou rozpustné v ptidnim roztoku
a bezprostfedné obklopuji koteny rostlin atéla Zivocichi. Stanoveny byly pomoci

metody Mehlich III extrakei vyluhu z padniho roztoku. Skupinu tvofi pfistupny oxid

39



fosforu (paP), ptistupny oxid drasliku (paK), pfistupny oxid vépniku (paCa), ptistupny
oxid hot¢iku (paMg) mg.kg™.

Vazané prvKky (t) — jedna se o prvky obsazené v chemickych vazbach, jsou tézko
dostupné pro rostliny a zivocichy, jejich uvolnéni je c¢asto podminéné procesem
zvétravani. Obsah téchto prvku byl stanoven metodou rozkladu ve 20 % HCI. Skupinu
tvoii vazany oxid Zeleza (tFe), vazany oxid hliniku (tAl), vdzany oxid manganu (tMn),
obsah oxidovanych forem véapniku (tCa), obsah vdzanych oxidii hoi¢iku (tMg), obsah
vazanych oxidi drasliku (tK), vazany oxid fosforu (tP) mg.kg™.

Vliv jednotlivych skupin byl popsan pomoci komplexnich statistickych analyz a posléze
publikovan (Publikace V.). Krom¢ chemickych vlastnosti piidy byly stanoveny také
fyzikalni vlastnosti. Z divodu publika¢ni ¢innosti probéhlo urceni pomoci mezinarodné
uznavanych klasifikaci. Pidni typ na vyzkumnych lokalitach byl stanoven na zakladé
skladby puidniho horizontu metodikou podle WRB 2006 (The World Reference Base for
Soil Resources), kde pro jednotlivé lokality byl urcujicim proces probihajici v pidnim
profilu. Pro analytické zpracovani bylo vymezeno osm hlavnich puadnich typt
(Leptosols (RN); haplic Podzols (PZ); Stagnosols (PG); Histosols (OR); entic Podzols
(KP); Cambisols (KA); Gleysols (GL); Fluvisols (FL)), které byly pomoci statistickych
metod porovnavany ve vztahu Kjednotlivym druhim Myriapoda a Isopoda
vyskytujicim se na vyzkumnych lokalitach. Soubézné byla stanovena forma ptidniho
humusu (mor, moder, mull, tangl), kde byl pomoci statistickych analyz stanoven vztah

k epigeické fauné (Publikace IV.).

4.6. Metodika méreni klimatickych faktora

Klimatické podminky byly méfeny pomoci klimatickych stani¢ek MeteoUNI (dodano
spolecnosti Amet Velké Bilovice) sestavenych z propojenych dvou ¢idel teploty pldy,
dvou c¢idel vlhkosti a jednoho cidla teploty vzduchu. K méteni teploty vzduchu bylo
pouzito teplotni ¢idlo PRO V2 ulozené ve stinitku a instalované na kmen stromu ze
zastinéné strany do vysky 2 m od povrchu zemé ve vzdalenosti 20 cm od kmene stromu.
K méfeni padni teploty byla pouzita dvé c¢idla, kterd byla vlozena po odkryti ptidniho
profilu do stfedu sledované pudni vrstvy (Ah — horizont 1 a B — horizont 2), ¢idla byla
zakryta prosatou zeminou, aby se vylou¢il kontakt s kameny. Cidla byla napojena na
dataloger MetoUNI, kde se ukladala méfeni v hodinovém intervalu. Piidni vlhkost byla
stanovena méfenim odporu pudy ¢idlem Virrib ptipojenym k datalogeru Virriblogger

(Amet Velké Bilovice) meteorologické stanice. Jedno vlhkostni ¢idlo bylo umistnéno
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uprostied humusové svrchni vrstvy ptdy (horizont Ah) a druhé uprostied vrstvy pidy
(horizont B). Méfeni umoziuje stanovit 5 — 50 % objemové pidni vlhkosti, hodnoty
byly snimany do datalogeru v 60 minutovém intervalu (4/2007-10/2014). Objemova
pudni vlhkost predstavuje pomér obsahu vody v pidé k celkovému objemu métené
pudy. Primérné denni hodnoty byly stanoveny jako aritmetické priméry ze souboru 24
meéteni v pribéhu jednoho dne pro meétené veliiny. Celkové bylo instalovano 30
klimatickych stanic z 38 vyzkumnych ploch. Instalace prob&hla ve dvou etapach.
V prvni etapé 27. 04. 2007 bylo umisténo 15 klimatickych stanic. Ve druhé etapé 10.
04. 2008 bylo rozsiteno méfeni klimatickych faktorG stanicemi na dalSich 15 ploch.
Vzhledem k potizim vzniklym béhem méieni a udrzeni provozu tolika klimatickych
stanic doslo k né¢kolika vypadkiim. Vzhledem k neustalému méteni byly k publikaci

vybrany pouze ¢tyfi vyzkumné plochy s nejucelenéjsimi daty (Publikace V1.).

4.7. Fytocenologicky pruzkum

Vzhledem k potfebé piesného urceni fytocendzy byl na vyzkumnych plochach vykonan
fytocenologicky prizkum. V obdobi 8. — 12. 07. 2010 byl na kazdé vyzkumné plose
vykonan fytocenologicky snimek se zaméfenim na dfevinné a bylinné patro.
Fytocenologicky prizkum vykonal Ing. Michal Friedl (Mendelova univerzita v Brng).
Byly ur€eny dominantni druhy a jejich pokryvnost jak v dfevinném patte, tak také
v bylinném patfe. Samotné vysledky byly zapsany v prehledné tabulce a jejich
publikaéni vyuziti bylo zapracovano do (Publikace VII.).

4.8. Statistické zpracovani

Pro ucely statistického zpracovani byla samotnd data ziskana terénnim Setfenim
sestavena do jedné databaze, kde na jedné stran€ byla matice nezdvislych proménnych
(v nasem piipadé environmentalni data) a na druhé strané matice zavislych proménnych
(v nasem ptipadé zastoupeni druhii ve vzorcich). V prvnim kroku byla provedena
zakladni statistika urCeni postaveni dat, zjiSténi stfednich hodnot rozptylu a urceni
odlehlych boda. Vzhledem k velkému poctu environmentalnich faktor byla snaha urcit
faktory, které ovliviiuji zéavislé proménné s dostatecnou silou, coz poslouzilo
k rozhodnuti o dilezitosti environmentalnich faktort v dal$ich analyzach. Jako zakladni
statistika  bylo pouzito nemetrické mnohorozmérmné Skalovani (nonmetric
Multidimensional scaling, NMDS), podle statistického programu NCSS 10 Trial 7 day
Verzion. NMDS analyzou se hledaly zakladni trendy a gradienty, u kterych je
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soustiedén0 nejvice variability, a zjiStovalo se, kolik ordina¢nich os vysvétluje
minimalné 70 % proménlivosti uspofadani proménnych Vv prostfedi. Minimalni stresova
hodnota v NMDS a také minimalni zména stresu mezi INTERACT byla nastavena na
0,00001. Byly pouzity pouze prvni tfi osy (dimenze). Nasledné pomoci analyzy
hlavnich komponent (principal component analysis, PCA) byla sestavena matice
korela¢niho koeficientu vyznamnych environmentalnich faktort.

K testovani vlivu dvou souborti proménnych, kde na jedné strané¢ stoji matice
nezavislych proménnych dat, v nasem piipad¢ environmentalni proménné (cov_herb,
EMG, ECA, FTG, Cala.aru, skel, Sl inc, FVG, Expo), a aa stran¢ druhé matice
zavislych proménnych, v nasem ptipad¢ zastoupeni druhli ve vzorcich. Byla pouzita
canonical correspondence analysis CCA, ktera aplikuje mnoharozmérnou regresi
K ureni linearni kombinace proménnych, ktera nejlépe vysvétluje inerci ordinac¢niho
skore ziskaného ze zavislych proménnych. K testovani hypotéz v CCA byla pouzita sila
permuta¢niho testu. Samotna statistika byla provedena v softwaru CANOCO for
Windows 4.5, ktery poskytuje moznost analyzy sily testu s pouzitim Monte — Carlo
permutacniho testu s 999 opakovanimi. K testovani sily testu u jednotlivych
environmentalnich proménnych byla pouzita funkce ,,forward selection®, kde prvni
skutecna cena je srovnavana s prislusnou statistikou ziskanou z ndhodnych permutaci
dat. Vysledkem CCA je ordinan¢ni diagram, ve kterém jsou druhy i vzorky zndzornény
body.

V poslednim kroku bylo cilem analyzy zjistit rozptyl odchycenych druhti podle toho, na
jakém souboru lesnich typi se nachézely. Jelikoz pomoci ptedchozich metod
mnohonasobného porovnavani byl faktor souboru lesnich typti FTG oznacen jako
vyznamny, byla pouzita jednofaktorovd ANOVA, pro vysloveni hypotézy o nerovnosti
rozptylu u jednotlivych métenych lokalit v softwaru STATISTICA 10.0. Vzhledem
k statisticky vyznamnému rozptylu bylo provedeno mnohonasobné srovnani
homogennich skupin Tuckeyho HSD testem a nasledné¢ i porovnadnim hladiny
vyznamnosti. Vysledkem toho bylo srovnani variability rozptylu u jednotlivych FTG
a urceni statisticky vyznamného.

Pro stanoveni indika¢nich hodnot pro jednotlivé druhy centipedes, millipedes, isopods
byla pouzita metoda IndVal (Indicator value) podle Dufrene a Legendre (1997). Tato
metoda je postavena na kombinaci relativni abundance jednotlivych druha s relativnimi

frekvencemi vyskytu na rtiznych stanovistich. Index dosahuje svého maxima (100 %),
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kdyz se vsichni jedinci dané¢ho druhu vyskytuji ve vSech plochach daného souboru

lesniho typu. Indika¢ni hodnotu vypocteme kombinaci specifity Ajj s mirou fidelity B;.
IndVaIij = Ain Bij x 100
Ajj = Nindividuals;; / Nindividuals;,

kde Nindividuals;; je primérny pocet jedinct druhu ize vSech ploch SLT j, zatimco

Nindividuals; je suma pramérnych poctl jedincti druhu i na vSech SLT.
Bi; = Nsites;; / Nsites;,

kde Nsitesj je pocet ploch SLT j, ve kterych je druh i pfitomen, zatimco Nisites; je
celkovy pocet ploch SLT.
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5. Ziskané vysledky a diskuse

5.1. Faunisticky prehled odchycenych druht

Celkoveé v prabéhu sledovaného obdobi 2007-2013 bylo odchyceno 14 851 ex., které
byly zastoupeny 39 druhy, z nichz Chilopoda tvofila 19 druht, Diplopoda 12 druhi
a Isopoda 8 druhti. Primérné zastoupeni jedinct v odebraném vzorku na jednu lokalitu
piedstavovalo 62,2 ex./zemni past, co po piepoétu na plochu 1 m? predstavuje odchyt
220,1 ex.m. Takova denzita populace je vzhledem na horské polohy (530-1220 m n.
m.) dobfe porovnatelna s poznatky z oblasti Slovinskych vyzkumu, kde primérna
denzita dosahovala 307,4 ex.m™? (Grgi¢ et Kos 2005). Zjisténa struktura populace byla
také porovnana s dosavadnimi poznatky z prostredi Moravsko-Slezskych Beskyd, kde
byly zjisténé prace od autort Vali§ (1904), Folkmanova (1954), Wytwer a Tajovsky
(2005). Porovnanim vysledka jednotlivych praci byla potvrzena struktura populace a
doslo o rozsifeni poznatki o druhy Lithobius biunguiculatus Loksa a Lithobius pelidnus
Haase, které nebyly dosud pozorovany v oblasti Beskyd (Publikace 1.). Také byl
potvrzen vyskyt 12 druhi Chilopoda a 4 druhy Isopoda s reliktnimi ekologickymi
naroky na sviy vyskyt, coz vytvari predpoklad na moZnost jejich uZiti pii identifikaci

konkrétnich ekologickych podminek prostredi.

5.2. Zjisténi vlivu smrkovych a bukovych porosti

V pribéhu vyzkumu byla vyuzita moznost porovnani vlivu smrkovych a bukovych
porostl na velikost a rozmanitost populace vybranych druhti, vzhledem k dosavadnim
poznatktim od né¢kolika autorti (Schaefer a Schauermann 1990, Scheu et al. 2003, Grgic¢
a Kos 2003), ktefi poukazuji na zvySenou abundanci v bukovych porostech. Zakladnim
problémem je porovnani relativné stejnych ptirodnich podminek s riznym mateiskym
porostem dievin. Proto v nasi siti lokalit bylo vybrano 5 part lokalit, které se svymi
pfirodnimi podminkami velice podobaly, ale rostly na nich rozdilné porosty dievin.
Nejlepsim ptikladem jsou lokality 25 a 26, kde se nachdzi svahova lesni cesta
rozdélujici porost buku a smrku ve v€ku 90 let. Ze ziskanych vysledkt po statistickém
zpracovani a porovnani byly zjistény rozdily ve sloZeni populace. Porosty s vyskytem
smrku byly castéji a ve zvySené mife obsazovany druhy Chilopoda. U populace druh
Diplopoda alIsopoda byla zaznamenana preference vyskytu populace v bukovych
porostech (Publikace 11.). Vysledky jsou srovnatelné s ekologickymi poznatky
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jednotlivych skupin sledovanych druhi. Chilopoda, jako predatofi, jsou ovlivnéna
nepiimo vegetaci, ktera piisobi na strukturu a kvalitu opadu humusu, ale i podrostu, kde
se rozvijeji jejich potenciondlni zdroje potravy (Albert 1982, Friind 1983, Poser 1990,
Schifer a Schauermann 1990, Schatzmann 1990). Diplopoda a Isopoda se zivi prevazné
odumfelym rostlinnym materidlem a rozkladajici se organickou hmotou prostoupenou

bakteriemi, plisnémi a houbovymi hyfami (Hopkin a Read 1992, Frankenberger 1959).

5.3. Chilopoda v korunové a kmenové fauné

V ramci vyzkumu korunové fauny v porostech nahradnich dfevin v imisnich oblastech
Kru$nych hor aDé¢inské vrchoviny byla disertaéni prace rozsSifena 0 poznani
arborikolnich druhii stonozek. Ziskané druhy byly zachyceny pfi sklepdvani mladSich
porost borovice lesni, modiinu opadavého, smrku pichlavého, smrku ztepilého a také
buku lesniho. Cilem publikace bylo rozsitit poznani populace stonozek o arborikolni
druhy. Setfenim byl potvrzen prekvapivé hojny vyskyt epigeické fauny na porostech
nahradnich dievin ve véku od 15 do 30 let, ktera se nachazela na kmenech nebo
Vv korunové ¢asti stromu. Po statistické analyze byly identifikovany druhy stonozek,
které potvrdily arborikolni charakter (Publikace I11.). Nejvyznamngj$imi druhy byly
Lithobius pelidnus Haase, Lithobius borealis Meinert a Lithobius cyrtopus Latzel, jejich
vyskyt byl potvrzen v pribéhu celého vegetatniho obdobi. Z dosavadnich poznatkt
vime, Ze nékteré druhy stonozek zimuji v $térbinach kary (Spitzer et al. 2010), ale

pravdépodobnéjsi vyskyt na kmenech je z dtivodu vyhledavani potravy (Spelda 2005).

5.4. Pidni typ, forma nadlozniho humusu, nadmoiska vyska a jejich vliv na

populaci

Pomoci podrobného pedologického priazkumu bylo ur¢eno 8 ptidnich typti. Nejcastéji se
vyskytla kambizem (Cambisols), za ni nasledoval ranker (Leptosols), coz svéd¢i
0 zna¢n¢ kamenitém typu pud S vysokym obsahem skeletu a balvant vy¢nivajicich az
na povrch pudy. Z celkového pohledu byl vyskyt sledovanych skupin rozdélen podle
kvality opadu. Diplopoda preferovala vyskyt na cambisols s bukovym opadem
bohatym na vyskyt bakterii a hub, coz také koresponduje se zjisténim z Publikace II.
Chilopoda se hojné vyskytovala ve fluvizemi (Fluvisols) a oglejené pude (Gleysols),
predpokladame, Ze to souvisi s dostatkem nadlozniho humusu, s ¢imz je spojen dostatek

prostoru a potravy (Jabin 2008). AvSak nékteré vyznamné druhy stonozek se hojné
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vyskytovaly také na rankru (Leptosols), coz také souviselo s dostatkem potravy
a prostoru pro aktivni lov v piadnich horizontech (Publikace IV.). Naproti tomu Isopoda
v ramci celého vyzkumu prokazuji znacnou zavislost na vlhkosti, coZ potvrzuje také
vazanost na pudni typ organozem (Hystosols), také v navaznosti na vyskyt ve formach
nadlozniho humusu, kde se mnohonozky ¢asto vyskytovaly ve formé moder, stonozky
ve formé mor a stejnonozci ve forme tangl. Slozeni populace ve formé humusu tangl
pfinasi nové poznatky, nebot dosud nebyla popsana v zadné praci. Z pohledu
vyskového rozlozeni byly lokality seskupeny do lesnich vegetacnich stupna (4. — 7.
LVS). Pii porovnani vyskytu sledovanych skupin epigeické fauny byla Isopoda
rozloZzena svym vyskytem v niz§ich vegeta¢ni stupnich 4. — 5. LVS. Chilopoda svij
vyskyt soustfedila do stiednich az vysSich poloh 5. — 7. LVS a Diplopoda byla
zamé&fena na vyssi polohy 6. — 7. LVS. Takovéto vysSkové rozlozeni koresponduje
s dosavadnimi poznatky, kde z Diplopoda fad Polydesmida vystupuje az do zna¢nych
nadmoiskych vysek (Read a Golovatch 1994, Kime a Golovatch 2000, Mikhaljova
2000).

5.5. Vliv skeletu, zrnitosti, piidni vlhkosti, piidni reakce a chemickych vlastnosti

pudy na velikost a rozmanitost populace

Skeletnatost a zrnitost pidy byla urcena na 16 lokalitich jako jeden z vyznamnych
ekologickych faktor. Vyznacovala se zastoupenim velikych kameni (balvani) v celém
pudnim profilu v rozsahu 44,0-64,9 % (pramér 52,3 + 5,8 %). Jednotlivé balvany
vystupujici nad ptidni povrch tvoii bariéru pro rist bylinné vegetace. Tyto lokality byly
zpravidla bez podrostu, maximalné¢ s mechovym a lisejnikovym spolecenstvem na
balvanech.

Takovéto podminky piekvapivé vyhovovaly nékterym zastupcum isopoda, druhy jako
Trachelipus ratzeburgii (Brandt) a Protracheoniscus politus (C. Koch) nachazely
vhodné podminky pod velikymi balvany. Oproti tomu zastupci Ligidium hypnorum
(Cuvier) a Hyloniscus riparius C. L. Koch vykazovali pozitivni vztah k pidam s nizkym
obsahem skeletu a spise osidlovali pudy s vysokym obsahem jilovitych ¢astic.

Zastupci mnohonozek prokazali pozitivni korelaci s faktorem niz$iho vyskytu skeletu
a zrnitosti ve frakci 0,01-0,05 mm (hruby prach = gross dust), pomoci prvni osy
ordina¢niho diagramu bylo vysvétleno az 90,4 % piipadi. Z druhd, které se vyskytovaly

na lokalitach s vys$§im obsahem jemnych ¢astic, to byly Glomeris connexa C. L. Koch,
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Glomeris pustulata Latreille. Oproti tomu podstatna ¢ast druht, z kterych Leptoiulus
trilobatus (Verhoeff) a Polydesmus complanatus (Linnaeus) byly dominantni, vykazuje
pozitivni vztah k lokalitdm s vys$§im podilem piskovych ¢astic. Zastupci stonozek
vykazovali vyznamnou korelaci s faktorem hrubsich castic, od jemného pisku az po
hrubé balvany, druhy Lithobius erythtocephalus C. L. Koch, Lithobius austriacus
Verhoeff a Lithobius nodulipes Latzel maji pozitivni vztah k lokalitdim s vys$im

obsahem skeletu.

5.6. Vlhkost pidy

Vzhledem k nedostate¢né vyvinuté epikutikule a epidermis jsou Isopoda, Diplopoda
a Chilopoda povazovana za druhy nachylné na vysychani (Curry 1974, Lewis 1981,
vysledky, ze bezprostiedni vlhkost neni tak limitujicim faktorem pro tyto druhy
(Blackburn et al. 2002, Jabin 2008, Lazorik a Kula 2015). Na druhé stran¢ jsou vSak
druhy, které jsou siln¢ vazany na prostiedi s vVysokou hladinou spodni vody. V pribéhu
nasi prace jsme zjistili, ze druhy Ligidium hypnorum (Cuvier) a Hyloniscus riparius C.
L. Koch jsou tak zavislé na zamokiené pudy, Zze byly pomoci metody Indicator value
(Dufrene a Legendre 1997) oznaceny jako bioindikatory zamokienych pud s raselinnym
procesem. Oproti tomu existuji druhy jako Oniscus asellus Linnaeus a Porcellio scaber
Latreille, které se vyskytly na vysychavych stanovistich s vysokym obsahem skeletu.
ProtoZe se jich nepodatilo odchytit dostate¢né mnozstvi, je jejich bioindikacni vysledek
mirné zkresleny (Publikace VII.). Jedna se 0 synantropni druhy, u nichz piedpokladame

zavleceni na lokality v blizkosti lidskych obydli.

5.7. Reakce pudy

Vliv pudni reakce se zpocatku zdal byt vyznamnym faktorem, ale po analyze
jednotlivych dat se ukazalo, ze hodnota pH/KCI je statisticky nevyznamna (Publikace
V.). K podobnému zavéru dospéli také autori Blackburn et al. (2002) a Jabin (2008), i
kdyZ s konstatovanim, ze je nedostatek poznatki o reakci padnich druht na pH.
Nezavisle na téchto poznatcich byl vna$i praci zjisStovan také vliv na obsah
makroprvkli Ca, Mg, které se ukdzaly jako velice vyznamné. Ackoli se aredl naSeho
vyzkumu rozprostird na flySovych piskovcich s prevahou kyselych pad, je potiebné

roz$itit poznatky o vapencové oblasti. Takovéto rozsifeni vyzkumu by mohlo pfinést

47



druhy vazané na obsah Ca, Mg v pid€, coz by vyznamné rozSifilo bioindika¢ni

schopnost fauny.

5.8. Chemické vlastnosti pidy

Dosazené vysledky o chemickych vlastnostech pudy ukazuji na preferenci Chilopoda
a Isopoda v lokalitach se zvySenym obsahem vapniku a hoiciku, predevsim druhy
Lithobius pelidnus Haase, Lithobius biunguitulatus Loksa a Trachelipus ratzeburgii
(Brandt), Oniscus asellus Linnaeus, na rozdil od Diplopoda. Zvyseny obsah vapniku a
hoi¢iku piiznivé ovlivituje vyskyt ¢lankonozci s vapenatym exoskeletem (Hopkin a
Read 1992, Jabin 2008). Dostupnost zivin také hrala svoji roli, u diplopoda byla
negativni reakce na pfistupny Ca, Mg ve formé protoni prvkd, které jsou dostupnéjsi
pro rostliny, jako vyménné ve form¢ oxidované. Také u chipoloda byla reakce na obsah
jednotlivych prvka velice vyrovnana, i kdyz Strigamia acuminata (Leach) a Lithobius
microps Meinert prokazovaly pozitivni vztah na vyskyt Ca, Mg. U isopoda byla reakce
a Porcellio scaber Latreille velice dobfe reagovaly na zvySeny obsah Ca, Mg ve vSech
formach. Avsak druhy Ligidium hypnorum (Cuvier) a Hyloniscus riparius C. L. Koch
potvrdily vztah k téZkym padam svoji vazanosti na Al, Na. Oproti tomu
Protracheoniscus politus (C. Koch) reagoval velice dobie na zvyseny obsah K ve vsech
formach (Publikace V.). Tak podrobny piehled nebyl doposud popsan, proto nebylo

mozno srovnat ziskané poznatky s praci jinych autort.

5.9. Vliv klimatickych faktoru

Pomoci sit¢ klimatickych meteorologickych stanic v poctu 30 byly sledovany
klimatické faktory, jako teplota vzduchu, teplota pudy, vihkost pudy. Vzhledem ke
zna¢nému rozsahu ziskanych dat byly publikaéné zpracovany cCtyfi lokality, které
obsahovaly nejucelen¢j$i data. PrestoZze byl nepfetrzity provoz takovéto sité
meteorologickych stanic slozitd, dochazelo k jednotlivym vypadkim méfeni
a zaznamenavani prubéhu sledovanych klimatickych faktord. Navzdory tomu se
podaftilo sestavit data zobrazujici pribéh teplot a vlhkosti ve zkoumaném regionu za
poslednich osm let. Podrobnym zkoumanim byl zjistén nardast teploty vzduchu o +2,9
°C asnizeni pidni vlhkosti primérné o 4,49 %. Z pohledu vlivu pocasi na populaci

sledovanych druhii nebyl potvrzen statisticky vyznamny vliv pribéhu pocasi na
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dynamiku populace, coz potvrzuji také Blackburn et al. (2002) a Jabin (2008). Pti
zjistovani vlivu sezonniho aspektu prubéhu pocasi na dynamiku populace byly zjistény
statisticky vyznamné rozdily v letnim obdobi (Summer). Samotny rozptyl vyskytu
druhd byl analyzovan pomoci jednofaktorové ANOVA-y, kde hypotéza o shodnosti
rozptylu stifednych hodnot zakladniho soubort byla zamitnuta S testovym kritériem F =
6,3675 a p = 0,00051. Pomoci Tukey HSD testu mnohondsobného porovnani byl
statisticky vyznamny rozdil u skupiny Summer. Vzhledem k potieb¢ zjisténi diverzity
byl vypocten Shanon — Weaver index pro populaci odchycenou v Spring SW = 1,853;
Summer SW = 2,213; Late summer SW = 2,113; Autumn SW = 2,156. Zvysujici se
teplota méla dopad na faunu, byl zjistén nardst synantropniho druhu Porcelio scaber.
Oproti tomu byl zaznamenan ubytek a migrace do vySe polozenych mist u horskych

druhti stonozek Lithobius tenebrosus, Lithobius borealis (Publikace VI.).

5.10. Zjisténi bioindikacni schopnosti stonoZek, mnohonozZek a stejnonoZcu

V lesnim prostiedi

K vysvétleni podobnosti environmentalnich proménnych prostiedi bylo uzito
nemetrické mnohorozmérné skalovani (nonmetric multudimensional scaling — NMDS).
Zakladem analyzy bylo nalézt smysluplné dimenze, pomoci kterych je mozné vysvétlit
podobnost mezi environmentalnimi proménnymi. Byly nalezeny gradienty umoziujici
diferencovat vétsi cast proménnych prostiedi. Dimenze 1 predstavuje gradient
fytocenologickyho slozeni lesniho porostu a bylinného podrostu. Dimenze 2 byla ur¢ena
jako gradient pudniho prostfedi, kde je dilezita vyska nadlozniho humusu, vlhkost
klesal u pud s vyssim obsahem skeletu, s horsim teplotnim a vlhkostnim rezimem.
Dimenze 3 vysvétluje gradient vyzivy pudy, kde hlavnim ukazatelem je obsah uhliku a
dusiku v ptudé. Nasledné byla pomoci kanonické korespondenéni analyzy (CCA) uréena
vyznamnost environmentalnich proménnych, proménné podilejici se vyznamné na
struktuie zivociSnych spoleCenstev byly stanovené vybérem ,forward selection®,
gradient souborti lesnich typd. Nasledné byl pomoci jednofaktorové ANOVA-y
stanoven celkovy rozptyl samotnych druhti v jednotlivych skupinach souborti lesnich
typu. NasSe vyzkumné plochy piedstavuji 12 soubort lesnich typd, pro kazdy soubor
lesnich typt byl analyzovan konkrétni rozptyl populace. Statisticky vyznamny rozptyl
byl prokazan u Lithobius erythrocephalus C. L. Koch (F = 1,83; p = 0,04), pro ktery byl
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podle testu mnohonasobného porovnani vyznamny soubor lesnich typa 4S (svézi
bucina). Dal$im vyznamnym druhem byl Lithodius forficatus Linnaeus, ktery prokazal
vyznamny rozptyl nejen pro skupinu 6S (svézi smrkova bucina), ale byl také podle
vysledkli mnohonasobného porovnani pfirazen k homogenni skupiné 4S a 5S. Také
druh Lithobius mutabilis L. Koch se vyskytoval ve zvySené mife v lokalitich se
souborem lesnich typt 6S. Ze zastupcii mnohonozek byl vyznamny Glomeris connexa
C. L. Koch na 5B (bohata jedlova bucina) a Polydesmus complanatus (Linnaeus) na 7S
(sv€zi bukova smrcina). Ze zastupcii stejnonozcii byl statisticky vyznamny druh
Protracheoniscus politus (C. Koch) na 5Y (skeletova jedlova buéina).

Tato metoda nezohlediiuje celkovou variabilitu populace a je zaméfena pouze na
velikost rozptylu, coz zvyraziuje vyznam stfedni hodnoty pouze v ptipadé, Ze se
vyskytuje dostatecny pocet jedincii stejného druhu ve stejné lokalité. Proto byla
indikaéni analyza roz$ifena o metodu indika¢ni hodnoty (Indicator value IndVal) dle
Dufrene a Legendre (1997), pro kterou je zakladnim kritériem vybér bioindika¢nich
druht postavény na dostatecné Castém vyskytu v daném biotopu, ale s dosti vzacnym
vyskytem v jinych biotopech. Nejvyznamnéjsim bioindikacnim druhem byl Lithobius
nodulipes Latzel na biotopu 5L (horska jasanova olSina). Tento druh byl rozsifen na

v

deseti biotopech v celkovém poctu 176 ex., ale s nejvyznamnéjsi indika¢ni hodnotou na
5L (Publikace VII.). Tento druh je fazen mezi reliktni druhy Zzijici v jihovychodni
Evropé (Dobroruka 1959, Folkmanova et al. 1955). V na$i praci dosédhl vyznamné
indika¢ni hodnoty v biotopu horskych potoktli @ pramenist, coz také potvrzuje Spitzer et
al. (2007). Taktéz byl nalezen ve vrcholovych partiich smrkovych porostii na Sumavé
(Tajovsky 2001c). Dalsim vyznamnym druhem byl Lithobius pelidnus Haase
s indika¢ni hodnotou na biotopu 5Y — skeletova jedlova bucina. Tento druh je vzacné
nalézana stonozka v podhorskych a horskych polohach stfedni Evropy (Laska 2004, Tuf
et Tufova 2008). S oblibou se zdrzuje na kmenech a vétvich stromt s Clenitou kiirou,
kde byl nalezen v zimé, ale také ve vegetaénim obdobi (Summers et Uetz 1979, Spitzer
et al. 2010, Kula et Lazorik 2014). Rovnéz zajimava je reakce Glomeris connexa, ktera
se priklani k vektorim 5A a 5B, coz jsou stiedni polohy s bohatou vyzivou pudy a
dostatkem vlhkosti v blizkosti horskych potoki a udoli. Dal§im zajimavym druhem je
Polyzonium germanicum, ktery prokazal naklonnost k vyskytu na souboru lesnich typt
5L - horskda jasanova olSina s vyskytem Alnus incana. Tyto lokality jsou
charakteristick¢ zaplavami zjarniho tdni a letnich pratrzi mracen. Ke stejnym

vysledkiim dospéli ve své praci Sterzynska et al. (2015), pomoci zemnich pasti odchytli
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35 jedinct ve stfedni poloze s Caltho-Alnetum azonal forest stand s piirodnim
hydrickym rezimem. Také zvySeny vyskyt byl zaznamenan na zamokiené olSin¢ v
Biatowieza Primeval Forest in Poland (Tajovsky et Witwer 2009). Ze zastupcii
stejnonozct potvrdili svoji pFitomnost Hyloniscus riparius C. L. Koch a Ligidium
hypnorum (Cuvier) na raSelinnych lokalitich 60/R. Zajimavy vysledek poskytl druh
Trachelipus ratzeburgii (Brandt), ktery svymi Zivotnimi naroky na vlhkost obsazoval
SLT 4Y, coz jsou kamenita vysychava stanovisté. Ze zastupci mnohonozek potvrdil
svoji vazanost na vys$i nadmotské polohy druh Polydesmus complanatus (Linnaeus),
piibuzny druh Polydesmus denticulatus C. L. Koch se vyskytoval pouze na 7S (svézi
bukova smrc¢ina), kde pirevladd vyssi vzdusna vlhkost. Tyto lokality jsou
charakteristické vyskytem mocné vrstvy nerozloZené organické hmoty, na niZ roste
Vaccinium myrthilus a dlouhodobé se vyskytuje snéhova pokryvka. Tajovsky (1997)
nalezl tento druh v subalpinském pasmu v Hrubém Jeseniku Mts. ve vysce 1230-1290
m n.m.. StaSiov et al. (2012) jej uvadi pod porostem Alnus incana (L.) Moench, coZ je

dfevina vlhkych horskych Zlabt.
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Abstract. In 2007-2009, altogether 7,094 individuals of centipedes and terrestrial isopods were caught using
the method of pitfall traps at 38 localities in the area of the mountain range of the Smrk and Knéhyné hills,
the Celadenka valley and Celadn4-Podolanky surroundings, the Moravskoslezské Beskydy Mts. Among 18 species
of centipedes there are two species newly recorded for the territory, Lithobius biunguiculatus Loksa, 1947
and Lithobius pelidnus Haase, 1880. Our data present the first investigation of terrestrial isopods in this territory.
Till this time, 32 species of centipedes and 7 species of terrestrial isopods were reported for the territory of the
Moravskoslezské Beskydy Mts. and 33 centipede and 13 terrestrial isopod species of the Beskydy PLA.

INTRODUCTION

The Beskydy Protected Landscape Area (PLA) is the largest PLA in the Czech
Republic (1,160 km?). It lies in the south-eastern part of the Moravian-Silesian and eastern
part of the Zlin regions, on the border with Slovakia. The whole area belongs to the flysch
Outer Western Carpathians and comprises most of the Moravskoslezské Beskydy Mts.
Range, large part of the Vsetinské vrchy Range and Moravian part of the Javorniky Range.
This area is covered by mainly cultural forests as well as species rich meadows and
pastures. Within the forests, covering 71 % of the whole area, spruce forests predominate.
Primeval fir-beech forests are conserved in the small fragments only.

Centipedes (Chilopoda) and terrestrial isopods (Oniscidea) are important part of soil
fauna in forest ecosystems. Terrestrial isopods participate in decomposition of dead organic
matter, while centipedes are important predators of soil mezofauna (potworms, springtails,
etc.), which abundances are related to food resource (ALBERT 1979; SCHEU & SCHAEFER
1998). In the Czech Republic up today, the occurrence of 67 species of centipedes and
43 species of terrestrial isopods is known (TUF & TUFOVA 2008; WYTWER & TAJOVSKY
2005; SASKA 2007). In the past, both groups were studied in the recent Beskydy PLA,
nevertheless only centipedes were collected from the Moravskoslezské Beskydy Mts. range
yet. The occurrence of 31 centipede species was confirmed from this (FOLKMANOVA 1954,
WYTWER & TAJOVSKY 2005).

Centipedes as well as terrestrial isopods are used as bioindicators for assessment
of environment quality (BILTON 1996; VAN STRAALEN 1998; PAOLETTI & HASSALL 1999,
SOUTY-GROSSET et al. 2005). Data used in this publication were obtained as a part of the
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project evaluating the possibility of centipedes and terrestrial isopods as bioindicators
of investigated forest types. The aim of this paper is to contribute to the knowledge
of the fauna of centipedes and terrestrial isopods of the Moravskoslezské Beskydy Mts.
as well as the Beskydy PLA.

MATERIAL AND METHODS

The centipedes and terrestrial isopods were collected using pitfall traps (standard glass jars, diameter
7 cm, 4% formaldehyde solution as killing and preserving agent). In total 190 pitfall traps were installed
at 38 localities (5 traps per stand in span of 10 m, the minimum distance from the edge of the stand corresponded
to the tree height). Traps were emptied each 6 weeks during May-October in the years 2007-2009. Material from
Straps was taken together as aggregate sample, separately for each locality. Identification was carried out
according to the keys of KOREN (1986, 1992), KACZMAREK (1979), FOLKMANOVA (1959), BROLEMANN (1930)
and FRANKENBERGER (1959). Used nomenclature follows centipede webdatabase CHILOBASE (MINELLI et al.
2006) and Schmalfuss’s woodlice catalogue (SCHMALFUSS 2003)

The network of the permanent research localities (38 spruce and beech stands) was established
on the mountain range of the Smrk and Knéhyn& Mt., the Celadenka valley and Celadna-Podolénky surroundings
(Natural forest area 40 Moravskoslezské Beskydy Mts.; Forest Districts Celadnd and Podolanky). Overall study
area belongs to the cool climatic zone. The microclimate of monitored area can be characterized by mean air
temperature 6.2 °C and mean annual rainfall 1,250 mm. The vegetation season takes 100-140 days. Heavy rains
are characteristic for the area (July and August) (ToLasz et al. 2007). Additional characteristics of localities
(geographic coordinates, altitude and percentage of dominant trees) are given in Tab. 1.

RESULTS

Altogether 6,366 centipedes and 728 terrestrial isopods were collected using pitfall
traps. Centipedes were represented by 18 species (Tab. 2, without 91 unidentifiable
specimens of centipede larvae) and terrestrial isopods by 7 species (Tab. 3). Number
of species at individual localities varied from 4 to 12 (mean 8.1) for centipedes and from
Oto 4 (mean 1.1) for terrestrial isopods. The localities inhabited by the highest number
of centipede species (pure spruce localities numbers 4 and 17 with 12 and 11 species,
respectively) differed from those localities with the highest number of terrestrial isopod
species (beech forest at locality number 12 with 4 species; sycamore-beech locality number
25 with 3 species including two unique species, and spruce localities numbers 29 and 30,
both with 3 species). The most frequent centipede species were Lithobius cyrtopus,
L. erythrocephalus, L. forficatus and L. mutabilis (present at all localities). The most
frequent terrestrial isopod was Protracheoniscus politus with occurrence at 24 localities.

The most remarkable localities with the highest number of rare species classified
according to TUF & TUFOVA (2008) are localities numbers 4 and 25 (4 relic species).
Whereas locality number 25 represents sycamore-beech wood type with 85 % dominance
of beech (with records of Lithobius burzenlandicus, Lepidoniscus minutus and Ligidium
germanicum), locality number 4 represents pure spruce wood (with relic species Lithobius
biunguiculatus, L. burzenlandicus and Geophilus insculptus). Other species, presented
rarely at studied localities, were Lithobius piceus and Oniscus asellus.

DISCUSSION

The first report about centipedes of the wider territory of the Beskydy was published
by VALIS (1904). He found 10 species of centipedes (Tab. 4), mainly in the surroundings
of the towns of Roznov pod Radhostém, Stramberk, Horni Becva (including the Sipka cave
and the RadhoSt’ Mt.), 1.e. in neighbouring area of the Vsetinské vrchy Hills. Fifty years
later FOLKMANOVA (1954) published results of her intensive research about myriapod fauna
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mainly from the Moravskoslezské Beskydy Mts. Folkmanova collected about 900
centipedes from spruce forests during the year 1941-1949 representing 27 species (Tab. 4),
19 of them were not found by Vali$ in the Vsetinské vrchy Hills before. Next study dealing
with centipedes of this territory was published by Wytwer and Tajovsky next half a century
later (WYTWER & TAJOVSKY 2005). They analyzed communities of centipedes sampled by
pitfall traps and extracted from soil samples in the years 1988-1993 and 1996-1997 at five
stands on the localities Bily kfiz and Knéhyné. WYTWER & TAJOVSKY (2005) confirmed
distribution of Schendyla nemorensis (as Schendyla furcidens Kaczmarek, 1962,
synonymized later by DANYT & WYTWER (2008)) in the Moravskoslezskeé Beskydy Mits.,
reported by VALIS (1904) from Vsetinské vrchy Hills, too. They added another two species
to the FOLKMANOVA’s (1954) list: Lithobius nodulipes and Stenotaenia sorrentina
(as Clinopodes linearis abbreviatus (Verhoeff, 1925) synonymized later by BONATO &
MINELLI (2008)).

Until our research, 30 species of centipedes were reported for the Moravskoslezské
Beskydy Mts. (plus Strigamia crassipes in the neighbouring Vsetinské vrchy Hills).
Although we did not confirmed distribution of some geophilomorphs in the studied area
(because they inhabit deeper soil layers and are sampled by pitfall traps rarely, the best
method for their collection is combination of hand collecting and extraction of soil
samples), we found two species of lithobiomophs newly. Lithobius biunguiculatus 1s rare
species known from some Moravian localities from unpublished records (TAJOVSKY 1n litt.)
and from the Bilé Karpaty PLA (PAVELKOVA 2008). Lithobius pelidnus is the mountain
species known e.g. from northern Moravia from the Jeseniky Mts. (FOLKMANOVA 1947)
or the Rychlebské Mts. (FOLKMANOVA & LANG 1960).

The occurrence of some species, recorded historically by FOLKMANOVA (1954)
and missing in the study of WYTWER & TAJOVSKY (2005), was actually reconfirmed:
Lithobius erythrocephalus, L. piceus, L. tenebrosus, L. austriacus and L. micropodus, last
two species are smaller centipedes living mainly in soil layers.

Terrestrial isopods were not reported of the territory from the Moravskoslezske
Beskydy Mts. yet. Nevertheless, they were studied in surroundings of the Vsetinské vrchy
Hills (FRANKENBERGER 1942, 1944; FLASAROVA 1958). In the first paper
(FRANKENBERGER 1942) five species of terrestrial isopods were reported only (Tab. 5). The
most interesting records were the Carpathian species Hyloniscus mariae and the mountain
Eastern European species Ligidium germanicum (FRANKENBERGER 1959). Two years later,
FRANKENBERGER (1944) reported in his review of Bohemian and Moravian woodlice two
another species collected in the Vsetinské vrchy Hills: Porcellium conspersum
and Protracheoniscus politus (probably plus widely distributed eurytopic Trachelipus
ratzeburgii and Trachelipus rathkii without concrete localities in Moravia). In following
paper of FLASAROVA (1958) concerning of knowledge Moravian-Silesian woodlice, three
small endogeic species were newly reported from the Vsetinské vrchy Hills: Hyloniscus
riparius, Trichoniscus pusillus and T. noricus. Two species, T. ratzeburgii and T. rathkii,
are mentioned without concrete localities as widespread species again. In our research,
we found 7 species of terrestrial isopods in the Moravskoslezske Beskydy Mits., beside
them reported from the surrounding Vsetinské vrchy Hills, Oniscus asellus was found
at one locality (pure spruce stand No. 29). O. asellus is north-western European species
inhabiting in Central and Eastern Europe mainly synanthropic habitats (FRANKENBERGER
1959); his presence in artificial spruce forest is probably caused by introduction
with seedlings. Presence of 7. ratzeburgii on nine localities is the first confirmation
of distribution of this adaptable species in studied area. Summarising, the distribution of
12 species of terrestrial isopods (of possible 16) in the Beskydy PLA was confirmed.
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SUMMARY

Using the method of pitfall traps 7,094 individuals of 18 species of centipedes
and 7 species of terrestrial isopods were recorded in 2007-2009 at 38 localities
in the Moravskoslezské Beskydy Mts. Complementing previous studies, 32 centipede
species and 7 species of terrestrial isopods are actually known from the Moravskoslezské
Beskydy Mts. Based on our study we listed for the whole Beskydy PLA in total 33 species
of centipedes and 13 species of terrestrial isopods, including 12 relic species of centipedes
and 4 relic species of terrestrial isopods respectively.
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Tab. 1. List of studied localities, with additional characteristics
Tab. 1. Seznam zkoumanych lokalit a jejich charakteristiky

No. of locality Position Dominant tree ( %) Altitude
1 49°30°47.5"'N, 18°20'37.1"'E S (95) 600
2 49°30°10.7°'N, 18°20'51.5"E B (55) 815
3 49°29°02.5"'N, 18°21°08.7"E B (80) 880
4 49°29°01.9'N, 18°21'23.0"'E S (100) 890
S 49°29°02.0°'N, 18°22°33.3"E B (50) 850
6 49°29°04.5"'N, 18°22°16.0"E B (60) 915
7 49°29°42.6"'N, 18°21°03.0"E B (50) 855
8 49°30°10.9'N, 18°23'04.4"'E S (100) 1010
9 49°30°15.5"'N, 18°23'02.0"'E S (100) 1045
10 49°30°13.5°'N, 18°24'14.2"'E S (80) 845
11 49°31°08.6''N, 18°23'19.9"E S (65) 840
12 49°30°57.1"'N, 18°22'54.4"E B (25) 835
13 49°30°55.0°'N, 18°22°22.1"'E S (80) 850
14 49°31°03.9"'N, 18°21'55.9"E S (60) 830
15 49°31°19.1"'N, 18°22°09.4"'E S (100) 780
16 49°30°31.7"'N, 181924 3"'E S (88) 785
17 49°29°55.2°'N, 18°20°26.1"'E S (100) 560
18 49°28'57.0°'N, 18°20"38.2"'E S (100) 610
19 49°28'07.0''N, 18°21'19.6"'E S (100) 680
20 49°27°56.5'N, 18°21'04.6"'E S (100) 660
21 49°28'44.6''N, 18°22°43.3"E B (95) 730
22 49°28'36.2°'N, 18°22'54.0"'E S (100) 695
23 49°28'24.6''N, 18°24'59.5"'E S (99) 530
24 49°28'284''N, 18°25'01.5"'E S (85) 540
25 49°2929.3°'N, 18°21'00.6"'E B (85) 870
26 49°29°27.8''N, 18°20'58.1"'E S (90) 825
27 49°30°32.6''N, 18°18'13.2"E B (80) 1015
28 49°30°40.6"'N, 18°18°10.7"E B (85) 1025
29 49°31°38.5"'N, 18°23'12.9"'E S (100) 620
30 49°31°17.1"'N, 18°18'574"E S (95) 630
31 49°29'45.2"°N, 18°21'34.2"E S (95) 1100
32 49°30°18.9'N, 18°22"14.8"'E S (100) 1190
33 49°30°174°'N, 18°22°08.1"'E S (90) 1220
34 49°30°08.5"'N, 18°22°20.6"'E S (85) 1100
35 49°31°09.6''N, 18°19°13.2"E B (100) 635
36 49°28'46.6"'N, 18°23'39.6"'E S (98) 620
37 49°28°19.5°'N, 18°23'34.9"E S (100) 645
38 49°31°13.5"'N, 18°18'06.6"'E S (60) 635

Abreviations/Zkratky: S — Norway spruce/smrk; B — beech (and their percentage of dominance)/buk (a jejich
dominance)
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Tab. 2. Numbers of trapped centipedes at individual localities. Last column summarizes number of
species at each locality, last row summarizes number of localities where species was recorded

Tab. 2. Poéty chycenych stonoZek na jednotlivych lokalitach. Posledni sloupec shrnuje pocet druhti na
kazde lokalite, posledni fadek pocet 1okalit, kde byl druh zaznamenan
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Tab. 3. Numbers of trapped terrestrial isopods at individual localities. Last column summarizes
number of species at each locality, last row summarizes number of localities where species
was recorded

Tab. 3. Pocty chycenych suchozemskych stejnonoZeti na jednotlivych lokalitach. Posledni sloupec
shrnuje pocet druhti na kazdé lokalite, posledni fadek pocet lokalit, kde byl druh zaznamenan

2| 8 £ % :
| §| 8| & 2§ 2
g § § § § ¥ k=
SRR IHE
Tl g| B| = &| §| §| 2|
IR ELE
3 § 3 ‘§. 3| g g 3l =
S| & S| 2 X8| &|&E)E
i = [ = [ = - laa ] -
5 = | = |[= | = |= | = | = | B
31 o [ 22| 2= | = 0
W L[ = | = | = |= | =] = |1
sl - T -1 -1T-1T-17-T7T-To
6| 1 | = | = - |10 = | 2
716 | -1 - - 179 2 |3
8l = | = | = | = |= | Z |5 |2
ol - [ - | - -l 2 | - k1
W] = | « | = =2 ]2 (2
il -1 -1-1T-T-T7T-T211
Bli| =128~ ]8F | 2%
B e | = | o | = || k| 002
W] = | < | = -1 | - |1
5 o0 | = | = - J132] 6 | 2
B s | g |w]lelz]i 1
i I w || = 0
Bl e | e | ]2z = 1
0] s | = | o> @ || = 0
0 -1 -1T-1T-71-1- 0
)| = | s [ == [~ |BF 1
2l -1 -1-1-1-1-1-7To
B = | = | = |46 | = | = | = N1
2@ - | - | - - s -1
A IERERE « |33 3
26| - | - | - - | & 1
| = [ = | = « | & | = [1
2wl -1 -1-1-1-1771-11
| = | = | = | = |1 | 262313
30 - - -11]-T2]1]3
Nl = | « | = - | 4 1
2 - [ - -[-1-1T-1-1o
B[ = | =« | = = | 2 1
B e | = || oo |le o Jlow | = N8
/| = | = | = = | 2 | = A1
6| s | » | o= = | B 1
7 = | 2 | ez | s 0
AR o | = || o» w || B 1
4 1 1 4 1 24 9

61

58



Tab. 4. Historical review of the knowledge of centipedes reported from the Beskydy PLA
Tab. 4. Historicky prehled poznani stonozek v CHKO Beskydy

Species/Area

Ecological
classification

VALIS
1904

FOLKMANOVA
1954

WYTWER &
TAJOVSKY
2005

Current
study

VH

MSB

MSB

MSB

Clinopodes flavidus C.L Koch, 1847

Cryptops parisi Brolemann, 1920

Geophilus flavus (DeGeer, 1778)

+ |+

Geophilus insculptus Attems, 1895

++ |+

+|+ |+

Geophilus proximus CL Koch, 1847

Lamyctes emarginatus Newport, 1844

Lithobius austriacus Verhoeff, 1937

]|+ + ]+ ]|+ |+

Lithobius biunguiculatus Loksa, 1947

Lithobius borealis Meinert, 1868

Lithobius burzenlandicus Verhoeff, 1934

Lithobius cyrtopus Latzel, 1880

Lithobius erythrocephalus C.L. Koch, 1847

Lithobius forficatus Linnaeus, 1758

|+ +]+

Lithobius lapidicola Meinert, 1872

Lithobius latro Meinert, 1872

Lithobius lucifugus L Koch, 1862

Lithobius lusitanus Verhoeff, 1925

Lithobius macilentus L Koch, 1862

Lithobius micropodus (Matic, 1980)

Lithobius mutabilis L. Koch, 1862

Lithobius muticus CL Koch, 1847

|+ + [+ ]+ ]

Lithobius nodulipes Latzel, 1880

Lithobius pelidnus Haase, 1880

Lithobius picens L. Koch, 1862

Lithobius salicis Verhoeff, 1925

Lithobius schuleri Verhoeff, 1925

Lithobius tenebrosus Meinert, 1872

|+ +]

Pachymerium ferruginenm (C.L.Koch, 1835)

Schendyla nemorensis (C.L.Koch, 1836)

+ |

Stenotaenia sorrentina (Attems, 1903)

Strigamia acuminata (Leach, 1814)

Strigamia crassipes (C.L.Koch, 1835)

|+

Strigamia transsilvanica (Verhoeff, 1928)

Paaizibslie e bl il il g ietiest ol Reol el el B2od 2o e el Real Real Beed Beed e sl el ol sl Regl Rea e e

Number of species

27

PLA

Cumulative number of species in Beskydy

10

29

Abreviations/Zkratky: VH — Vsetinské Hills/Vsetinské vrchy; MSB — Moravskoslezské Beskydy Mts./
Moravskoslezské Beskydy; (+) — presence/pfitomnost druhu; (-) — absence/nepfitomnost druhu; R - relic
species/reliktni druh; A — adaptable species/adaptabilni druh; E — eurytopic species/eurytopni druh. Ecological

classification sensu TUF & TUFOVA (2008)/Ekologicka klasifikace podle prace TUF & TUFOVA (2008)
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Tab. 5. Historical review of the knowledge of terrestrial isopods reported from the Beskydy PLA
Tab. 5. Historicky prehled poznani suchozemskych stejnonozet v CHKO Beskydy

Feolosical FRANKENBERGER | FRANKENBERGER | FLASAROVA | Current
Species/Area sl 1942 1944 1958 study
classification
VH VH YH MSB
Armadillidium vulgare (Latreille, E 5
1804) - - ! -
Cylisticus convexus (De Geer, 1778) A ? -
Hyloniscus mariae Verhoeff, 1908 R 5 + + -
Hyloniscus riparins (C.L. Koch,
1838) B . . i -
Lepidoniscus minutus (C.L. Koch,
1838) A + + + +
f;ggfmm germanicum Verhoeff, R + + + +
Ligidium hypnorum (Cuvier, 1792) E # + + B
Oniscus asellus Linnaeus, 1758 E - - - +
Porcellio scaber Latreille, 1804 E - - 2 -
Porcellium conspersum (C.L. Koch,
1841) o : i i -
Protracheoniscus politus (CL.
Koch, 1841) A ) N i i
Trachelipus difficilis (Radu, 1950) R + i -
Trachelipus rathkii (Brandt, 1833) E - ? 3 -
Trachelipus ratzeburgii (Brandt, % i 5 9 +
1833)
Trichoniscus noricis Verhoeff, R i i 5 i
1917
Trichoniscus pusillus Brandt, 1833 E - i
Number of species = 7 10 7
Cumulative number of species in
Beskydy PLA > v 1 12

Abreviations/Zkratky: VH — Vsetinské vrchy Hills/Vsetinské vrchy; MSB — Moravskoslezské Beskydy Mts./
Moravskoslezské Beskydy; (+) — presence/ptitomnost druhu; (-) — absence/nepfitomnost druhu; ? — probably
present (see text)/pravdépodobny vyskyt (viz text); R - relic speciesfreliktni druh; A - adaptable
species/adaptabilni druh; E — eurytopic species/eurytopni druh. Ecological classification sensu TUF & TUFOVA
(2008)/Ekologicka klasifikace podle prace TUF & TUFOVA (2008)
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7. Publikace

JOURNAL OF FOREST SCIENCE, 61, 2015 (7): 306-314

doi: 10.17221/72/2014-JFS

Comparison of Myriapoda in beech and spruce forests

E.KuLa, M. LAZORIK

Faculty of Forestry and Wood Technology, Mendel University in Bruno, Brno, Czech Republic

ABSTRACT: Pitfall traps were used to capture 3,550 individuals and 34 species of Myriapoda in five pairs of Norway
spruce and beech stands in the Moravskoslezské Beskydy Mts. (Czech Republic). Differences in the occurrence of
Chilopoda, Diplopoda and Isopoda on sites with spruce and beech were determined by F-test. Diplopoda and Isopoda
preferred beech stands and Chilopoda spruce stands. The species Protracheoniscus politus (Koch) (Isopoda) indicated a
positive relation to beech stands. Among Diplopoda, a strong linkage to beech was seen in Glomeris hexasticha (Brandt),
while Jidus scandinavius (Latzel), Hassea flavescens (Latzel) and Brachyiulus bagnalli (Curtis) tended to prefer the
spruce forest environment. The highest variability was found in Chilopoda, of which the species dominating in beech
stands are Cryptops parisi (Brolemann), Strigamia acuminata (Leach) and Strigamia transsilvanica (Verhoeff), while
Geophilus flavus (DeGeer) and Geophilus insculptus (Attems) prevail in spruce stands. A wide spectrum of captured
species of the order Lithobiomorpha differentiate in their relation to spruce [Lithobius forficatus (L.), L. cyrtopus
Latzel, L. erythrocephalus C.L. Koch, L. tenebrosus Meinert, L. austriacus (Verhoeff), L. biunguiculatus (Loksa)] and
beech [Lithobius microps (Meinert), L. mutabilis L. Koch, L. burzenlandicus Verhoeff, L. micropodus (Matic) and
L. nodulipes Latzel]. Based on the findings, we can confirm increased incidence in beech forests, although the result
is not unambiguous. Therefore, it is necessary to admit that the factor of the main tree species within a stand cannot
be used as the single criterion and needs to be supplemented with additional conditions of the natural environment.

Keywords: Chilopoda; Diplopoda; Isopoda; Norway spruce; Beskydy Mts.

Study of natural patterns is an ongoing process that
becomes even more significant due to globalization
and climate changes. Disturbance of tree layer or
species composition of a forest stand affects micro-
climate, soil conditions as well as fauna (Graic, Kos
2003; SCHEU et. al. 2003; BARDGETT, WARDLE 2010).
Forest management is linked to reactions of forest
ecosystems, when changing tree species composition
and spatial heterogeneity of stands elicit spatio-tem-
poral development of species diversity and abundance
of free-living animals (WIGLEY, ROBERTS 1994). In
connection with development of new zoocoenoses,
migration plays an important role (HANSKI 1998). In-
dividual species react differently to direct site chang-
es, depending mainly on the occurring abiotic and bi-
otic factors (WIGLEY, ROBERTS 1994). Some authors
presented the possibility to use Myriapoda as bioin-

dicators of forest environment and its changes over a
relatively short monitoring period (CRASTON, TRUE-
MAN 1997; Graic, Kos 2003; Tur, Turova 2008).
Graic and Kos (2003) found marked differences in
the abundance of Myriapoda in beech stands (Slove-
nia), with the highest abundance being observed in
young beech stands. At the same time, active migra-
tion between sites based on suitability of conditions
throughout the year was confirmed. SCHEU et al
(2003) reported the increased presence of Chilopoda
in a 120-year-old beech stand in northern Germany
and also determined a positive relation to thickness
and quality of organic matter from litter, which pro-
vides better feeding opportunities for decomposers as
well as their associated predators.

Representatives of the families Carabidae and
Cantharidae and family Chilopoda correlate with

Supported by Mendel University in Brno, and by the Netex Ltd., Dé¢in, Nadace CEZ Co. in Prague, Lafarge Cement Co.

in Cizkovice,
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the occurrence of Lumbricidae and larvae of Dip-
tera (Mycetophilidae and Cecidomyiidae).

Chilopoda are predatory organisms, indirectly
influenced by vegetation as it affects the struc-
ture, quality and other properties of litter, humus
and also undergrowth, where their potential food
sources develop (ALBERT 1982; FRUND 1983; POSER
1990; SCHAFER 1990; SCHAFER, SCHAUERMANN
1990; SCHATZMANN 1990). Their abundance is
reported in the range from 7 indd:m=? (beech
mull) to 273 indd-m~2 (beech humus) (AUERBACH
1951), but also between 1.8 and 648 indd-m~2 in
beech stands.

Diplopoda and Oniscoidea primarily feed on
dead plant material and decomposing organic
matter mixed with bacteria, moulds and fungal
hyphae (FRANKENBERGER 1959; HOPKIN, READ
1992). Their diversity is directly linked to quality
and quantity of litter, structure of top soil horizons,
parent rock, soil chemistry and moisture (FUNKE
1971; SCHEU, SPRENGEL 1989; SCHAEFER 1990;
SCHEU 1992; ScHEU, POSER 1996; BLACKBURN
2002). The aim of this contribution is to determine
the differences in the structure of Myriapoda popu-
lation living in litter and top humus layers in Nor-
way spruce and beech stands in the mountain area
of the Beskydy Mts. (Czech Republic).

MATERIALS AND METHODS

Methodology of research site selection. Locali-
ties of the monitoring grid (38 sites) were selected
within the altitudinal range of 540-1,220 m a.s.L
on the Smrk and Knéhyné Massif in the Moravs-
koslezské Beskydy Mts. The idea was to cover as
wide spectrum of mezzo-climatic conditions as
possible, with trophic conditions ranging from
oligobasic soils (Entic Podzols and Podzols) up to
eu-mesobasic soils (Cambisols, Leptosols), with
a hydric range from soils without hydromorphic
characteristics up to soils permanently affected by
water (Organosols), with two microecologically
markedly different stand types (beech — 11 stands
and spruce — 27 stands aged 49—160 years and 60 to
259 years, respectively).

From the monitoring grid of permanent research
plots, five pairs of spruce x beech stands located
very close to each other were chosen, every pair
with comparable altitude, similar exposition and
site conditions (Table 1). Selection of these locali-
ties was aimed at a comparison of the diversity of
Myriapoda coenoses in beech and spruce forest
ecosystems.

J. FOR. SCI,, 61, 2015 (7): 306—314

62

Natural characteristics. Soil characteristics and
soil type were determined from soil pits of 70-120 cm
depth excavated on each locality. Content of available
nutrients (P, Ca, Mg and K) was assessed by Mehlich
III method of soil biochemical analysis and pH/KCl in
an accredited laboratory (Laboratofe Morava s.r.o.).
The phosphatase activity was determined according,
to the adapted methodology of REJSEK (1991). The
p-nitrophenylphosphate (PNP) was used as a sub-
strate; resulting p-nitrophenol was determined after
incubation by the means of a spectrophotometer. The
phosphatase activity was expressed in following units:
g mol PNP-kg-! DM-h-L

Microclimatic data (T1 — air temperature at 2 m
above the soil surface in a forest stand, T2 — soil
temperature in A horizon, T3 — soil temperature in
B horizon, soil moisture of A and B horizons) were
obtained by direct field measurements with Meteo-
UNI meteorological stations with VIRRIB sensors
(data recording interval: 60 min) between 2008 and
2009 (Table 1).

A phytocoenological survey provided data on
stand canopy, degree of herb layer coverage and
dominant plant species (Table 1).

Animal sampling. To collect the epigeic fauna,
five four-litre pitfall traps filled with 4% formal-
dehyde were used in each of the stands. The traps
were set in lines with 10 m spacing, covered with
roofs and checked in six-week intervals in the pe-
riod from 1% April to 30% October in the years 2007
to 2012. During each collection, a mixed sample
was prepared from all five pitfall traps at the local-
ity and preserved in 75% ethanol. Species were de-
termined by Dr. I. H. Tuf and Dr. J. Tufova (Palacky
University, Olomouc) and Ing. M. Lazorik (Mendel
University in Brno).

Statistical processing. The significance level of
the equality of means in two independent samples
was tested by a two-sample 7-test for independent
samples, where two basic testing criteria exist for
equal and unequal variances. Results of the F-test
were either rejection or acceptance of the hypoth-
esis on the equality of variance. In the T-test, a hy-
pothesis H, was set out that if the mean values of
the analysed samples are equal, it can be presumed
that the mean numbers of the individuals occurring
in spruce stands are equal to the numbers of in-
dividuals occurring in beech stands. Subsequently,
the T-test was performed separately for Diplopoda,
Chilopoda and Isopoda.

To assess environmental variables that do not
differ between structures, but are related to the
myriapod turnover, we performed a Canonical
Correspondence Analysis (CCA) in CANOCO 4.5
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(TER BRAAK, SMILAUER 2002). Densities were
log,,,, transformed and rare species were down-
weighted. We entered all environmental descrip-
tors, used interspecies distances and Hill's scaling,
and extracted the best-fitting seven environmental
variables using the forward selection procedure
with 999 Monte-Carlo permutations for signifi-
cance testing.

The data that were shown by the great strength
test were subjected to redundancy analysis (RDA).
RDA method is a canonical form of the principal
component analysis that uses linear regression to
determine the maximum response of the dependent
data set (samples) to the set of independent data (en-
vironmental factors). It results in determination of
the maximum linear trends in the analysed data.

RESULTS
Natural environment

All of the localities within this study lie in the fly-
sch zone (sandstones or clay slates), of which the
cambic pedogenetic process and podzolization are
typical. Oligotrophic localities prevail. Soils are very
strongly to extremely acidic (in the surface soil, top-
soil horizon A 2.79-5.01 + 0.52, subsoil horizon B
2.48-3.37 + 0.27 and in the parent rock horizon C
2.52-4.19 +0.41). Sorption complex saturation rang-
es from very low to low in most of the localities, not
exceeding 30%. Phosphatase activity reached 23.5 to
200.6 pg:mol PNP-kg! dm-h-!, overall mean 96.95
+ 35.89 pg-mol PNP-kg! dm-h-1. Cation exchange
capacity is on the level of 4.38-28.03 cmol*kg™;
overall mean 14.73 + 6.21 cmol*kg™ and the con-
tent of exchangeable bases is 0.36-22.51 cmol*kg™;
overall mean 4.35 + 6.22 cmol*kg™!. Average con-
tent of base saturations is 3.6—88.7%.

A linear ordination method RDA was used for a
comparison of environmental factors and their mu-
tual relationship with spruce- and beech-dominat-
ed sites. The firstaxis of the RDA analysis explained
85.1% and the second axis accumulated 98.4% of
the total variance. Results of global permutation
tests for the estimation of significance of relation-
ships between species and their environment with
RDA, where the trace of all canonical axes is 0.078,
which leads to the F-ratio of 2.159, and the result-
ing P-value 0.01 indicate that the relationship be-
tween the species and their environment is very
significant. The factor of organic humus thickness
in the top soil layer (Fig. 1) positively proved a cor-
relation with spruce stands, of which the humus

J. FOR. SCI,, 61, 2015 (7): 306-314

64

0.6

Beech

Skeleton

Spruce

-0.6

-0.6 0.6

Fig. 1. Comparison of the main environmental variables in
the environment of RDA (F = 2.159; P = 0.015)

L.F — organic soil horizon, layer 0-8 cm; H — secondary
organic soil horizon, layer 4-15 cmy; P, Ca, Mg, K — major
nutrients in the top soil; pH/KCl — pH factor in the soil;
Skeleton — average content of soil skeleton in the soil layer

accumulation is typical. Besides, pH/KCl indicates
higher values (more alkaline) in beech stands. Es-
sential nutrients (P, Ca, Mg and K) in the top soil
layer also indicate their higher content in beech
stands, only K is slightly increased in spruce stands.
By this analysis, we have confirmed the generally
accepted processes in spruce and beech stands.

Species diversity

The pitfall trapsinstalled on the monitored localities
(2007-2012) captured 3,550 individuals (Diplopoda
405 indd./11 species, Chilopoda 2844/17, Isopoda
301/6). The eudominant Diplopoda were represented
by Glomeris connexa C.L. Koch (37%), Leptoiulus
trilobatus trilobatus (Verhoeft) (17.3%), Polydesmus
complanatus (L.) (15.1%) and Tachypodoiulus niger
(Leach) (11.6%). Glomeris verhoeffi fagivora (Ver-
hoeff) is considered rare. From the viewpoint of oc-
currence frequency, no significant difference was
proved in the presence of individual species between
spruce and beech stands (Table 2).

Chilopoda are the most abundant group of Myria-
poda with the eudominant representatives being
Lithobius forficatus (L.) (36.7%), Lithobius mutabi-
lis L. Koch) (33.4%) and Lithobius erythrocephalus
C.L. Koch (17.1%). Despite the species diversity,
the subrecedent species (9 species) occupied only
an insignificant position (Table 2). The species Geo-
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Table 2. Myriapoda in beech and spruce forests (pitfall traps, 2007—2012) in pair localities and structure diversity index

; - Locality* (tree species) Total

Species/Statistics Abbrev
3(B) 4(S) 12(B) 13(S) 21(B) 22(5) 25(B) 26(S) 35(B) 3(S) sum

Diplopoda
Brachyiulus bagnalli Br_bag 7.69 0.25
Cylindroiulus nitidus Cy_nit 2.38 0.49
Glomeris connexa Gl con 7.41 34,52 31.58 57.89 3846 84.62 23.81 22.22 16.67 37.04
Glomeris hexasticha Gl hex 34.52 3.70 7.65
Glomeris verhoeffi fagivora Gl_verfa 3.70 0.25
Haasea flavescens Ha_fla 2037 272
Julus scandinavius Ju_scan  3.70 1.19 15.79 4,76 3,70 2593 5.19
Leptoiulus trilobatus Le tri 2593 2273 1667 36.84 7.89 7.69 897 6190 1481 741 17.28
Ophyiulus pilosus Oph_pil 4.55 2.63 12.96 247
Polydesmus complanatus ~ P_com  29.63 59.09 119 526 21.05 30.77 2593 11.11 15.06
Tachypodoiudus niger Ta_nig 33.33 13.64 9.52 10.53 10.53 15.38 6.41 9.52 29.63 1.85 11.60
Total 27 44 84 19 38 13 78 21 27 54 405
Chilopoda
Cryptops parisi C_par 1.20 112 036 074 062 036 1.44  0.21 0.60
Geophilus flavus G_fla 0.36 031 036 047 0.14
Geophilus insculptus G_inst 0.24 0.04
Lithobius austriacus L_aus 0.24 7.69 0.91
Lithobius burzenlandicus L_bur 0.36 0.04
Lithobius biunguiculatus L_biu 0.24 0.04
Lithobius cyrtopus Lcyr 11.27 361 281 569 074 7.08 836 561 7.66 7.07 5:91
Lithobius erythrocephalus  L_eryt 931 21.15 2.25 2633 1845 23.69 1273 2477 4.78 16.27 17.09
Lithobius forficatus L for 48.53 46.15 3596 33.81 36.53 16.00 27.64 23.36 34.93 52.46 36.74
Lithobius micropodus L_mpod 0.48 0.04
Lithobius microps L-mic 1.96 048 225 142 148 1.54 1.87 239 171 1.41
Lithobius mutabilis L mut 2647 22.84 4831 28.83 39.48 41.54 44.00 32.24 47.85 21.84 33.40
Lithobius nodulipes L_nod 1.47 048 3.93 178 1.11 2,55 2.80 1.16
Lithobius pelidnus L_pel 1.40 043 018
Lithobius tenebrosus L ten 240 0.56 093 1.44 0.56
Strigamia acuminata S acu 098 072 225 142 148 154 3.64 654 048 0.21 1.69
Strigamia transsilvanica S trans 0.24 0.56
Total 204 416 178 281 271 325 275 214 209 467 2,844
Isopoda 0 1 66 1 79 0 60 26 10 62 301
Hyloniscus riparius H_rip 9.09 5.00 2.99
Ligidium germanicum Li_ger 1.67 0.33
Ligidium hypnorum L_hyp 1.61  0.33
Porcellio scaber Pe_scab 1:52 0.33
Protracheoniscus politus Pr_poli 100.00 83.33 100.00 91.67 100.00 80.00 96.77 94.35
Tracheoniscus ratzeburgi T_ratb 6,06 100.00 1.67 20.00 1.61 1.66
Statistics
H 1.74 1.84 222 185 1.88 1.87 204 220 1.82 1.93
D 026 0.24 015 022 019 022 017 014 026 023
Evenness 067 062 071 066 069 067 071 079 062 0.63
Total species 13 19 22 16 15 16 17 16 18 21
Total sum 231 461 328 301 388 338 413 261 246 583 3,550

Abbrev — abbreviation see Fig. 5, Locality* — see Table 1, B — beech, S — Norway spruce, H' — Shannon'sindex, D — Simpson's index

phylus flavus (De Geer), Lithobius austriacus (Ver- In the limited spectrum of species, Isopoda are rep-
hoeff) and Lithobius pelidnus Haase were trapped  resented by Protracheoniscus politus (Koch) (94.3%),
more often in spruce stands (Table 2). with a higher number of individuals being trapped in
310 J. FOR. SCI,, 61, 2015 (7): 306—314
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beech than in spruce stands (211:90) (Table 2). The
highest species diversity was found on the locality
with beech stand aged 124 years (Shannon-Weaver
index H' = 2.22 bit, 328 ex., 22 species) (Table 2).

Myriapoda and Isopoda fauna
in Norway spruce and beech stands

As the T-test failed to confirm the null hypoth-
esis on the equality of means of the variance H,
(F=1.682, P = 2.85205 E-06 < 0.05 &), a T-test for
unequal variances (F = -2.242, P = 0.01332 < 0.05 a)
was performed, revealing that the mean values of
numbers of individuals in the group of localities
with spruce occurrence show a statistically sig-
nificant difference compared to the mean values
of numbers of individuals in the group of localities
with beech occurrence. In view of the differences
in the groups of Myriapoda estimated by the CCA
method, differences were also tested in individual
groups of Diplopoda, Chilopoda and Isopoda. A
significant difference in the variance of mean val-
ues between the sites with beech and spruce stands
favouring occurrence in beech stands was found
only in Diplopoda (Fig. 2). Variances of mean val-
ues found in Chilopoda and Isopoda (Fig. 2) did not
confirm the hypothesis that the species trapped in
beech and spruce stands come from different initial
communities. These results are partially biased due
to the irregular distribution of individual species
as there were higher numbers of Protracheoniscus
politus (Koch) individuals found in beech stands.
In spruce stands, however, there was higher diver-
sity with the low abundance of individual species.

With the use of canonical correspondence anal-
ysis, the first and the second ordination axis ex-
plained 86.8% of the total variance (first axis 32.1%,
second axis 54.7%). The results of global permuta-
tion tests for the estimation of significance of re-
lationships between species and their environment
via CCA, where the trace of all canonical axes is
0.635, leading to F-ratio 3.485 and the resulting
P-value 0.001 indicate that the relationship be-
tween the species and their environment is very
significant (P < 0.01). The axes are evenly distrib-
uted due to the equal numbers of the monitored
stands. The analysis revealed that the Isopoda
group (black points), with the dominant species
Protracheoniscus politus (Koch), is found only in
the area closer to the axis of beech, which shows
a positive relationship to this tree species in the
Beskydy Mts. territory. Of the Diplopoda group
(white circles), the most marked is the order Glom-
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erida, where the closest link to beech was found in
Glomeris hexasticha Brandt. On the other hand,
Julus scandinavius Latzel, Hassea flavescens (Lat-
zel) and Brachyiulus bagnalli (Brolemann) incline
towards the spruce forest environment. The high-
est variability was found in the Chilopoda group
(triangles), which is also represented by a higher
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Fig. 2. Abundance of Diplopoda (F = 5.651; P = 0.000) (a),
Chilopoda (F = 1.068; P = 0.275) (b), Isopoda (F = 0.088;
P =0.928) and (¢) in beech and spruce stands
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Fig. 5. Results of the CCA and the Myriapoda assemblage
with the environmental variables (abbreviations see Table 2)

number of species with different environmental
requirements. The only representative of the order
Scolopendromorpha, Cryptops parisi (Brélemann),
is found slightly above the axis of beech. Of the or-
der Geophilomorpha, the species Geophilus flavus
(DeGeer) and Geophilus insculptus (Attems) are
linked to spruce stands, while Strigamia acuminata
(Leach) and Strigamia transsilvanica (Verhoeff) to
beech stands. In the wide spectrum of the trapped
species from the order Lithobiomorpha, prefer-
ence of spruce was observed in species Lithobius
forficatus (L.), L. cyrtopus Latzel, L. erythrocepha-
{us C.L. Koch, L. tenebrosus Meinert, L. austriacus
(Verhoeff) and L. biunguiculatus (Loksa) and pref-
erence of beech stands in species Lithobius microps
(Meinert), L. mutabilis L. Koch, L. burzenlandicus
Verhoeff, L. micropodus (Matic) and L. nodulipes
Latzel (Fig. 3).

DISCUSSION

A hypothesis that forest stands affect the epi-
geic fauna, including Myriapoda as its significant
component, via dominant tree species, was tested
in selected spruce and beech production stands in
the mountain part of the Moravskoslezské Beskydy
Mts. Quality and quantity of litter in spruce stands
is linked to organic matter accumulation that in-
creases with stand age (NIHLGARD 1971; ULRICH

312

67

1987, 1994; KazDA, PICHLER 1998). This accumu-
lation is due to the high phenol content in conifer-
ous litter, which strongly disadvantages detritivores
in habitat colonization (ULRICH, SUMNER 1991;
ULRICH 1994; GALLET, LEBRETON 1995; LORENZ
et al. 2000). Beech litter is characterized by a high-
er content of nutrients; it is especially carbon that
contributes to rapid decomposition and positively
affects utilization of this environment by fungi,
moulds, bacteria up to the predators such as Chi-
lopoda (MARAUN, SCHEU 1995; BLAGODATSKAYA,
ANDERSON 1998; SCHUE et al. 2003). Also the over-
all diversity H' of Myriapoda in beech stands was
higher than in spruce stands (beech = 3.542 bit,
spruce = 3.478 bit). Of the total number of 34 spe-
cles, six were captured only in spruce stands and
nine in beech stands. Significance of these species
is lessened by the fact that they were mostly sole
catches. On the other hand, some of the eudomi-
nant species inhabit both studied ecosystems. Of
the Diplopoda class it was Glomeris connexa C.L.
Koch, Leptoiulus trilobatus (Verhoeff), Polydesmus
complanatus (L.) and Tachypodoiulus niger (Leach),
representing 81% of the total number of captured
individuals. Particularly Glomeris connexa C.L.
Koch is associated with beech stands (83.3%). In
Leptoiulus trilobatus (Verhoeff) the numbers were
equal (50.0%) and in Polydesmus complanatus (L.)
it represented only 39.3%, in Tachypodoiulus niger
(Leach) 72.3% of the overall number of trapped in-
dividuals. These results support the previous find-
ings that Diplopoda prefer sites with a sufficient
amount of decomposing humus, bacteria, fungi
and moulds (LANG 1954; BLOWER 1985; HOPKIN,
READ 1992). The observed positive correlation be-
tween beech stands with mesotrophic litter and
representatives of the families Julidae, Glomeridae
and Craspedosomatidae is in agreement with the
findings of other authors (SCHAEFER, SCHAUER-
MANN 1990; DAvID et al. 1993). The prevailing spe-
cies of the class Chilopoda were Lithobius cyrtopus
Latzel, Lithobius erythrocephalus C.L. Koch, Litho-
bius forficatus (L.) and Lithobius mutabilis 1. Koch,
representing 93.1% of the total number of Chilop-
oda in the pitfall traps. In contrast to Diplopoda,
Chilopoda occurred more often in spruce stands
(Lithobius cyrtopus 58.9%, Lithobius erythro-
cephalus 75.7%, Lithobius forficatus 60.7% and
Lithobius mutabilis 50.7%). SCHUE et al. (2003)
reported the highest catch of Chilopoda from a
beech stand aged 120 years, contrary to our find-
ing in stands of spruce aged 51-94 years (Table 1).
This discrepancy may have been caused by a col-
lection method as SCHUE et al. (2003) applied
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the method of extraction from soil while we used
collection with pitfall traps during the whole veg-
etation season. Chilopoda are predators with very
good mobility and increased resistance to low and
high temperatures —7 to +30°C, reacting to a de-
crease of humidity less sensitively than Diplopoda
and Isopoda. BLOWER (1955) pointed out the im-
portance of integument permeability linked to the
limited colonization of waterlogged sites as a result
of the worse management of water uptake through
endodermis. Due to this, during wet periods of the
year, some Chilopoda hide under the bark of fallen
trees or in some other well-drained places (BARBER
2004). The class Isopoda was represented by the
species Protracheoniscus politus (Koch) (95.3%),
of which 69.4% were found in beech stands, which
corresponds to the results of SCHUE et al. (2003).
Isopoda prefer decomposing material with a low
content of the phenol component in their diet (NEU-
HAUSER, HARTENSTEIN 1978); this corresponds to
our results showing its low occurrence in spruce
stands. By confrontation of the Myriapoda fauna in
spruce and beech ecosystems we were able to con-
firm that Diplopoda and Isopoda are strongly linked
to an environment providing a sufficient amount of
decomposing organic matter and a good moisture
situation. On the other hand, we found out that
Lithobiomorpha do not depend so closely on the site
moisture and quality of decomposing organic mat-
ter, but are limited by food supply, reacting rapidly
to its changes and migrating to other sites.
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CHILOPODA IN CROWN AND STEM FAUNA OF FOREST TREES

EmanueL Kura B9 - MarTIN Lazorik

Mendelova univerzita v Brné, Lesnické a drevarska fakulta, Zemédélskd 3, CZ - 613 00 Brno

= e-mail: kula@mendelu.cz

ABSTRACT

Using a beating sheet method, Chilopoda individuals were collected from branches and stems of forest trees in the area of the Kru$né hory
Mts. (the Ore Mts.) and the Dé&nska vrchovina Highland (Czech Republic). The survey confirmed arboricolous character of the Chilopoda
representatives — Lithobius pelidnus (Haase, 1880), L. borealis (Meinert, 1868), L. cyrtopus (Latzel, 1880), facultative occurrence on stems of
forest trees L. forficatus (Linnaeus, 1758), L. mutabilis (Koch, 1862), L. microps (Meinert, 1868), L. lapidicola (Meinert, 1872). In individual
tree species, dominating Chilopoda species were identified: Fagus (L. borealis, L. cyrtopus), Picea (L. pelidnus), Pinus (L. cyrtopus), Larix
(L. pelidnus, L. borealis). Occurrence on stems and branches throughout the whole vegetation season was determined in species Lithobius
pelidnus, L. borealis, L. cyrtopus, L. forficatus, L. microps. For the analysis of variance at a significance level a = 0.05, non-parametric one-
way ANOVA - Kruskal-Wallis test was used. Representation of the Lithobius genus in all studied Scots pine stands was equable with no
statistically significant differences as a natural constituent of the fauna on Scots pine trunks with bark of medium thickness reaching up to
a half of the trunk. As the most favorable to the occurrence of the genus Lithobius seems larch trunks formed with rough bark (Kruskal-
Wallis test), a numerical representation decreases with altitude.

Kli¢ova slova: Chilopoda, Lithobius pelidnus, L. borealis, L. cyrtopus, Pinus sylvestris, Larix decidua, Picea pungens, Picea abies, Fagus sylvatica,

sklepavani, Kru$né hory

Key words:
beating sheet method, Ore Mts.

uvobD

Chilopoda jsou dravé s jedovymi kusadly, ale neni vylouena konzu-
mace mrtvych nebo rozkladajicich se rostlin a Zivoc¢ichi. Jako dravci
jsou stonozky neptimo ovlivnéné kvalitou vegetace, nebot na ni zavi-
si potencionalni struktura kotisti nachdzejici se v pfidé a na vegetaci
(ALBERT 1982; FRUND 1983; Poser T. 1990; SCHAEFER 1990; ScHA-
EFER, SCHAUERMANN 1990). Piiznivé podminky nachéz{ v blizkosti
paty kmene stromi nebo patezii (FRUND 1987; Poser T. 1989; SCHEU,
POSER 1996).

V oblastech mirného pasma zimuji dospélci. Migrace je omezend
a souvis{ pouze s vyhleddvanim potravy a pafenim. V mirném pés-
mu stonozky vykazuji maximélni aktivitu na jate (V/VI), kdy vrcholi
reprodukéni proces a poté na podzim diferencované ve vihéich le-
sich (IX) a na suchych stanovistich (X/XI). StonoZky se chrani pted
nizkymi zimnimi teplotami vstupem do hlub$ich padnich vrstev.
Arboricolni druhy mohou pfezimovat v piidé (SPELDA 1999). Sezén-
ni zmény stanovi$t vyvolané priibéhem pocasi zmiiinji AUERBACH
(1951) a RoBERTS (1957), ale nebyly potvrzeny v némeckych lesich
(FRUND 1987; Poser T. 1989). NEwPORT (1844) povazuje Lithobii-
dae za predatory Zerouci larvy Oniscidea. PLATEAU (1878) zjistil, Ze
Lithobius forficatus nevyhleddvd bézné se vyskytujici druhy na sta-
noviéti béhem dne, ale aktivné lovi mouchy v noci, podle Jackso-
Na (1914) i slimaky a BRITTEN (1920) upfesnil vazbu na pidalkovité
a miry. Pavouci jsou rovnéZ vyznamnou souddsti potravy (BRADE-
Birks 1929). SiMoN (1960) specifikoval potravni nabidku (Musca
domestica L., Sarcophaga spp., pavouci Lycosidae a Salticidae,

Chilopoda, Lithobius pelidnus, L. borealis, L. cyrtopus, Pinus sylvestris, Larix decidua, Picea pungens, Picea abies, Fagus sylvatica,

Lumbricus a Collembola vétsich velikosti). Collembola (Folsomia
quadrioculata (Tullberg), Isotoma viridis (Bourlet), Tomocerus minor
(Lubbock), Orchesella cincta (L.) a Lepidocyrtus cyaneus Tullberg)
vyhledava Lithobius variegatus Leach. Pavouci, pravdépodobné Li-
nyphiidae, jsou potravou pro L. variegatus, déle roztoli (Pergamasus
crassipes (L.)), sekddi, m&kkysi (Mollusca). Pancifnici a parasitické
formy rozto¢h vyhledava Lithobius lapidicola Meinert (BRITTEN
1920; CLOUDSLEY-THOMPSON 1945). ALBERT (1976) prokézal ne-
gativni korelaci mezi biomasou druhu Lithobius curtipes C.L. Koch
a pavoukil. Podle ROBERTSE (1956) zédstupci rodu Lithobius mohou
nahradit preda¢ni vliv drabéiki a pavouki.

Zonalni distribuce byla studovdna v evropskych listnatych lesich
(FRUND 1987, 1991; Poser T. 1989; PosSErR G. 1990; SCHEU, POSER
1996; SPELDA 1999; JABIN et al. 2007). Morfologicky velmi podobné
druhy stonoZek mohou byt oddéleny charakterem mikrostanovisté
jako je kmen stromu (Lithobius pelidnus Haase, L. valesiacus Verhoeff,
L. piceus L. Koch), pidni prostiedi (L. mutabilis L. Koch) nebo trouch-
nivéjici patezy (L. macilentus L. Koch, L. crassipes L. Koch, ktery je
i na kmenech stromf).

L. mutabilis vyhledédva kofist v opadu bukovém (ALBERT 1976).
L. forficatus osidluje bukovy, dubovy, bfezovo-ol§ovy opad a pronikd
ido plidy (ROBERTS 1956; WIGNARAJAH 1968).

O arborikolnich zéstupcich Chilopoda existuji pouze dil¢f informace
(LLoyD 1963; SPELDA 2005; ROBERTS 1956; BRITTEN 1920; CLOUD-
SLEY-THOMPSON 1945; SPITZER et al. 2010). L. melanops Newport byl
zji§tén pod kirou stromd (VERHOEFF 1937) a L. crassipes L. Koch se
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nachédz{ v trouchnivéjicim dfevé v hrabance a na kmenech (FRUND
1987) a pod kiirou (ANDERSSON 1983).

Cilem ptispévku je vymezit faunu Chilopoda na kmenech a vétvich
nékterych dfevin v minulosti imisemi naru$eném tzemi Kru$nych
hor a Dé&tinské vrchoviny a stanovit jejich sezénni dynamiku.

MATERIAL A METODIKA

V letech 2007-2013 se uskute¢nilo §etfeni zaméfené na korunovou
faunu bezobratlych vybranych dfevin (Picea pungens Engelm. 2007,
Picea abies (L.) Karsten 2007, Sorbus aucuparia 2008, Alnus gluti-
nosa (L.) Gaertn. 2009, Larix decidua (Mill.) 2010, Pinus sylvestris
(L.) a Fagus sylvatica L. 2011-2013), které tvoi{ pfedev§im porosty
néhradnich dfevin v imisnim dzem{ Kru$nych hor a Déinské vr-
choviny.

Zvolena byla metoda sklepavani u P. pungens (20-25 let, tii lokality)
a P, abies (10 let, jedna lokalita) z jed notlivych vétvi. Pod vétev k zemi
zavétvenych smrki byla vloZena plachta napnutd na kovovém rédmu
0,5 x 1m a udery do vétve bylo dosaZzeno opadu Zivo¢i§né slozky
(larvy a imaga). Jeden vzorek tvotil sbér z 20 vétvi. Na kazdé loka-
lit& bylo v daném terminu vytvofeno 10 vzorkd (= 200 vétvi) v $esti
kontrolnich terminech (X 1200 vétvi) v pribéhu vegetaéniho obdobi
(17.5., 15.6., 14.7., 15.8., 15.9., 15.10.2007). Vybér vétvi byl ndhodny
z profilu stromu 0,7 aZ 2,5m nad zemi. K usmrceni a konzervaci za-
chycené fauny byl uZit 75% etanol. Ze ziskanych vzorki byly vytii-
déni zéstupci Chilopoda a minoritné se vyskytujici druhy Diplopoda
a [sopoda.

U ostatnich dievin (Larix, Pinus, Fagus), protoZe se jednalo o poros-
ty ve véku 15-30 let, se uskute¢nilo sklepavani celych stromi. Cty-
ti plachty, kazdé o rozméru 2 x 2m (2 16 m?), byly rozloZeny pod
primét koruny stromu a tdery palici (hmotnost 4kg) na kmen bylo
dosazeno opadu piitomnych zastupct.

Sklepévani modifinu opadavého probihalo na 30 lokalitich v priibé-
hu dvou a7 t¥{ dnd jedenkrat mésiné (4.-6.5., 28.-30.5., 25.-27.6.,
23.-25.7.,20.-22.8,,21.-23.9. 2 15.-17.10.2010). Na kazdé lokalité byl
v daném terminu odbéru vytvofen jediny smésny vzorek sklepanim
néhodné vybranych péti jedincit modiinu opadavého, a pokud nebylo
zachyceno v tthrnu 100 jedinch korunové a kmenové fauny, byl pocet
sklepanych stromil navy$en.

Pii sklepévani borovice lesni a buku lesnitho v letech 2011-2013
byl zvolen stejny postup jako u modiinu, ale pouze na $esti loka-
litdch od kazdé dreviny v terminech 18.5,, 16.6., 15.7., 15.8., 20.9.,
16.10.20115 2.5, 1:6.,.2.2.,.5.8., 72.9.,. 5.10.2012: 17.5.. 15:6.,.12.7., 15.8.,
19.9,, 18.10.2013.

Vzhledem k nestejné velikosti stromu jsou porovnivany dominance
jednotlivych druht charakterizujici faunu Chilopoda dle druhu sledo-
vané dfeviny. K vymezeni dynamiky vyskytu v priibéhu vegetatniho
obdobi nebyla dfevina zohlednéna.

K analyze sez6nni a meziro¢ni dynamiky nejpocetnéji zastoupenych
druhti rodu Lithobius (Chilopoda) v kmenové a korunové fauné vy-
branych lesnich dfevin byl pouZit program STATISTICA 10 (StatSoft
CR, s. 1. 0.). Shapiro-Wilksiiv test stanovil, Ze se vét§ina analyzova-
nych datovych soubori odchylila od normélniho rozdéleni Proto
byla k analyze rozptylu na hladiné vyznamnosti a = 0,05 pouZita ne-
parametricka jednofaktorovd ANOVA - Kruskal-Wallisiv test. Pfi
zamitnuti nulové hypotézy (H: viechny analyzované vybéry pochdzi
ze stejného rozloZeni) jsme uplatnili Dunniv test mnohonasobného
porovnani, ktery vymezil dvojice vybéra se signifikantni odchylkou.
V ptipadech, kdy nebyly zivazné poru$eny podminky pro metodu
ANOVA, jsme touto metodou Kruskal-Wallisitv test doplnili. P¥i po-
uziti metody ANOVA a zamitnut{ H, jsme dale postupovali mnoho-
nésobnym porovndnim (Fishertiv LSD test).
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Fauna smrku pichlavého a smrku ztepilého byla sledovéna ve tiech lo-
kalitéch: Bolebof a Dlouh4 louka (typické stanovi$té nahornich poloh
Kru$nych hor) a SnéZnik na dzemi D&inské vrchoviny (KuLa et al.
2013; Kura 2014). Porosty modtinu ke studiu fauny byly situovany
na tizemi D&1nské vrchoviny (7), Kru$nych hor (22) a do podkrusno-
horské panve (1). Porosty borovice lesnia buku lesniho (6 + 6 porostit)
se nachédzely na Dé¢inské vrchoving (tab. 1).

VYSLEDKY A DISKUSE

Korunové a kmenova fauna

V korunéch na vétvich a na kmenech stromd bylo zachyceno osm
druhii rodu Lithobius, pficemz? z hlediska faunistického lze povaZovat
nékteré druhy za obecné rozsitené ve studovaném tzemi (Lithobius
pelidnus Haase, L. borealis Meinert, L. cyrtopus Latzel). Zcela v mi-
noritnim postaveni byli zéstupci Diplopoda a Isopoda (tab. 2).

Buk, ktery hladkou borkou nevytvéii atraktivni prostiedi, se profiloval
pouze dvémi zastupci (L. borealis, L. cyrtopus) ve shodném rozsahu.
Jednoduchou faunu vykazuje smrk pichlavy, jehoZ vétve osidloval vy-
hradné L. pelidnus se sporadickym zastoupenim L. lapidicola. Stejné
lze charakterizovat faunu smrku ztepilého, i kdyZ s vyrazné niZ$f abun-
danci Na borovici lesni byl eudominantnim L. cyrtopus doprovéize-
ny druhem L. borealis. Dal§i druhy byly recedentni aZ subrecedentni.
Nejbohat$i fauna stonozek byla vazina na modfin a mezi profilujici
zastupce se fadil L. pelidnus, L. borealis (tab. 3).

Z vy$e uvedeného se potvrzuje arborikolni charakter druhu L. pelid-
nus, L. borealis a L. cyrtopus pii subrecedentnim postaveni druhi do-
provodnych. Do zemnich past{ situovanych v porostech bfizy, smrku
ztepilého, borovice lesnia modiinu opadavého (KuLa nepubl.) na tze-
mi D&{nské vrchoviny v r. 2010 nebyl zachycen L. pelidnus. Jestlize
v borovych a modfinovych porostech byl v zemnich pastech ojedinély
vyskyt (3 ex.) obou arboricolnich zastupct (L. borealis a L. cyrtopus),
ve smrkovém porostu méli zvy$ené zastoupeni L. cyrtopus (19,49 %),
L. borealis (7,63 %), ze kterého miize vyplyvat vy$si aktivita k sestupu
zkmene na plidu, ptipadné migrace pfizméné kmenové niky. Stonoz-
ky rodu Lithobium byly zastoupené na kmenech a korundch po celé
vegetaln{ obdobi, pfi¢em? se neprojevila zasadni zména v pocetnim
zastoupeni, pouze u druhu L. borealis byla stanovena vy$$i dominance
v za¢atku a konci vegetatni doby (tab. 4).

Zastoupeni rodu Lithobius bylo ve viech sledovanych porostech boro-
vice vyvazené bez statisticky vyznamnych rozdili (Kruskal- Wallis test:
H (2, N = 53) = 0,0913, p = 0,9554) jako ptirozend slozka kmenové
fauny borovice se stfedné silnou borkou do poloviny kmene. Vy$e uve-
dené potvrzuje obecné postaveni eudominantniho druhu L. cyrfopus
na borovici (Kruskal-Wallis test: H (2, N = 54) = 0,6387, p = 0,7266).
V borovych porostech se zastupci rodu Lithobius nachazeli ve vyva-
Zeném zastoupeni v priibéhu celé vegetacni doby, statistickd odchyl-
ka nebyla stanovena (Kruskal-Wallis test: H (2, N = 53) = 6,1260, p
= 0,2942) (obr. 1), i kdyZ test vicendsobného porovnani, provedeny
pii doplitkové ANOVE (F (5,47) = 1,3071, p = 0,27720), plipoust{ pii-
tomnost statisticky vyznamné odchylky mezi stavem (¢etnosti druhu)
vkvétnu a ijnu (LSD test: p < 0,037).

Ttileté sledovani fauny Lithobius spp. borovych porostii naznacilo
statisticky vyznamnou pocetni zménu (kontinualni pokles) (Kruskal-
Wallis test: H (2, N = 53) =9,7227, p = 0,0077; Dunniv test: p < 0,007))
mezi roky 2011-2013 (obr. 2) a ve shodé je i reakce druhu L. cyrtopus
(obr. 3) (Kruskal-Wallis test: H (2, N = 54) = 10,8486, p = 0,0044; Dun-
niiv test: p < 0,004).

V uzemi Kru$nych hor a Déinské vrchoviny bylo sledovano 30 po-

rostd modfinu a pres $ifi druhového spektra stonozek se odchylily
se statistickou vyznamnosti pouze dvé lokality (16 a 18) situované
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Tab. 1.

Charakteristika lokalit s vyskytem stonozek (Kru$né hory - D&t
Characteristics of localities with centipede (Chilopoda) (Ore Mts. - Dé&inskd vrchovina Highland)

eC1ns

k4 vrchovina)

Cislo -
lokality/  Lokality/ Katastralni Gzemi/  Nadm. vySka/  Soufadnice/ Souradnice/ ?rr:;";‘g/e e
hc())callty Localities Cadastral area Altitude [m] Location Location Ss SFM
GPS GPS
1 Orasin 1 Orasin 590 N50 31.324 E1323.822 MD 5446
2 Orasin2 Orasin 610 N50 31.387 E1323.583 MD 5446
3 Mezihofi 1 Mezihofi 690 N50 32.061 E1321.774 MD 5446
4 Mezihofi 2 Blatno 815 N50 32.264 E13 19.607 MD 5446
5 Blatno 1 Blatno 790 N50 31.611 E13 19.854 MD 5446
6 Blatno 2 Blatno 770 N50 31.778 E13 19.721 MD 5446
7 Blatno 3 Blatno 785 N50 31.952 E13 19.485 MD 5446
8 Blatno 4 Blatno 700 N50 31.359 E1319.017 MD 5446
9 Blatno 5 Blatno 795 N50 31.995 E1319.644 MD 5446
10 Kalek vodarenska cesta Kalek 770 N50 34.960 E1322.492 MD 5446
1 Kalek u byvalé skolky  Kalek 800 N50 34.207 E1321.243 MD 5446
12 Na vysypkach Jirkov 260 N50 30.881 E1331.421 MD 5447
13 Telnice Telnice 385 N50 43.469 E1358.765 MD 5249
14 Hrebikovka-Snéznik  Snéznik (u D&gina) 490 N50 48.797 E1406.353 MD 5150
15 U Celnice Snéznik (u D&&ina) 530 N50 48.343 E1404.012 MD 5150
16 U Letadla - Snéznik  Snéznik (u D&gina) 490 N50 47.701 E1407.786 MD 5250
17 Vysoky Snéznik Snéznik (u Décina) 710 N50 47.713 E1406.110 MD 5250
18 Snéznik-Tisa-plato Snéznik (u Dégina) 590 N50 47.309 E1403.928 MD 5250
19 Rajec u kfizku Tisa 540 N50 47.672 E1401.478 MD 5250
20  Tisa vojensky prostor  Tisa 570 N50 45.989 E1401.059 MD 5250
21 U pozarni stanice Krasny les 720 N50 45.227 E1356.743 MD 5249
22 Krasny les Krasny les 525 N50 47.437 E13 56.606 MD 5249
23 Komafi vyzka Cinovec 870 N50 43.266 E1347.372 MD 5249
24 Cinovec Cinovec 840 N50 43.653 E1348.121 MD 5248
25 Lom Litvinov Lougna 450 N50 37.269 E1338.911 MD 5347
26 Dlouhé louka Litvinov Lougna 600 N50 37.434 E1330.746 MD 5347
27 osada Viastovka Cesky Jifetin 765 N50 42.268 E1334.016 MD 5247
28 Flaje Flaje 765 N50 41.530 E1333.751 MD 5347
29 Flaje-zamedek Flaje 840 N50 40.832 E13 33.806 MD 5347
30 Flaje za hajenkou Flaje 795 N50 41.903 E13 35.157 MD 5347
31 Snéznik-Tisa-plato Snéznik (u D&gina) 580 N50 47.260 E1404.338 SMP 5250
32 Dlouha louka Dlouha louka 368 N50 38,596 E13 38.081 SMP 5347
33 Bolebof Bolebof 862 N50 33.331 E1322.310 SMP 5446
34 Snéznik-Tisa-plato Snéznik (u D&&ina) 576 N50 47.304 E1404.423 SMZ 5250
35  Snéznik 1 Snéznik (u Décina) 590 N50 47.193 E1403.573 BK 5250
36 Snéznik2 Snéznik (u Décina) 547 N50 47.000 E1406.126 BK 5250
37 Snéznik3 Snéznik (u D&&ina) 538 N50 48.070 E14 05.407 BK 5150
38 Snéznik 4 Snéznik (u D&gina) 592 N50 47.171 E1404.014 BK 5250
39 Maxicky 5 Maxicky 460 N50 49.465 E1410.259 BK 5151
40  Snéznik 1 Snéznik (u D&&ina) 581 N50 47.260 E1404.294 BO 5250
41 VIEak 2 Snéznik (u Décina) 475 N50 48.337 E14 08.190 BO 5150
42 Snéznik3 Snéznik (u Décina) 536 N50 48.222 E14 05.095 BO 5150
43 Ostrov 4 Ostrov 572 N50 47.384 E14 03.300 BO 5250
44 Maxicky 5 Maxicky 443 N50 50.057 E14 10.366 BO 5151
45 Maxicky 6 Maxicky 463 N50 49.402 E1410.314 BO 5151

CFM/SFM — Ctverec faunistického mapovani/Square for faunistic mapping
MD — Larix; SMP — Picea pungens; SMZ — Picea abies; BK — Fagus sylvatica; BO — Pinus sylvestris
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do Dé&¢inské vrchoviny (F (29, 180) = 6,4240, p = 0,000; LSD test: p <
0,047). Z hlediska vegeta¢ni doby nevykazalo zastoupeni druht rodu
Lithobius statistickou odchylku (Kruskal-Wallis test: H (6, N = 196) =
11,9289, p = 0,0636).

Struktura borky mtze ovlivnit podminky pro vyskyt stonozek na kme-
nu, pifpadné sni%it i¢innost metody sklepavani. Z tohoto pohledu po-
rosty mlad$i s hladkou borkou vykézaly niZ$i zastoupeni stonoZek nez
v jingch pifpadech (Kruskal-Wallis test: H (3, N = 210) = 16,7957, p

Tab. 2.

= 0,0008; Dunniiv test: p = 0,003). Jako nejpiiznivéj$i se jevi kmeny
s vytvofenou hrub$i borkou ve spodni &sti kmene (Kruskal-Wallis
test: H (3, N = 210) = 16,7957, p = 0,0008).

Porosty modiinu (30) byly zafazeny podle nadmotské vysky (A < 550,
B 550-750, C > 750 m n. m.) a byla stanovena statistickd odchylka
ve vyskytu stonoZek mezi stfednf a vysokou polohou, kde byl zazna-
menan niz$i pocet jedinct rodu Lithobius (Kruskal-Wallis test: H (2,
N =210) = 10,3347, p = 0,0057).

Podil Chilopoda na utvafeni korunové fauny vybrangch skupin bezobratlych (Krusné hory - Dé&inskd vrchovina, metoda sklepdvéni)
Proportion of Chilopoda in shaping the crown fauna of selected groups of invertebrates in the Ore Mts. - Dé&{inska vrchovina Highland

(a beating sheet method)

Décinska vrchovina/Highland

Krugné hory/Ore Mts.

CFM/SFM
Druh/Species 5150 5151 5250 5248 5249 5347 5446 5447
Julus scandinavius (Latzel, 1884) Diplopoda X
Megaphyllum projectum (Verhoeff, 1894) Diplopoda X
Lithobius borealis (Meinert, 1868) Chilopoda X X X X X X
Lithobius cyrtopus (Latzel, 1880) Chilopoda X X X X
Lithobius forficatus (Linnaeus, 1758) Chilopoda X X X
Lithobius lapidicola (Meinert, 1872) Chilopoda X X
Lithobius microps (Meinert, 1868) Chilopoda % X
Lithobius mutabilis (Koch, 1862) Chilopoda X
Lithobius pelidnus (Haase, 1880) Chilopoda X X X X X X X
Lithobius tenebrosus (Meinert, 1872) Chilopoda X
Armadiflidium vulgare (Letreille, 1804) Isopoda X
Tracheoniscus rathkei (Brandt, 1833) Isopoda X
Tracheoniscus ratzeburgii (Brandt, 1833) Isopoda X X X X X
Pocet jedinct/Number of individuals 341 92 401 3 30 190 69 1
Pocet druhd/Number of collected species 5 3 8 2 5 6 i 1
Po&et druhti CFM/Number of SFM species 23 13 29 2 5 40 8 1

CFM/SFM - Ctverec faunistického mapovani/Square for faunistic mapping

Tab. 3.

Podil Chilopoda z vybranych skupin bezobratlych na vétvich a kmenech lesnich dfevin (Kru$né hory a Déinska vrchovina) [%]
Proportion of Chilopoda from selected groups of invertebrates on the branches and trunks of forest trees (Ore Mts. and Dé¢inskd vrchovina

Highland) [%]

Druhy/Species Trida/Class  Celed/Family EC Fagus P abies P pungens Pinus Larix Celkem/In total
Julidae sp. Diplopoda Julidae 0,4 0,1
Julus scandinavius Diplopoda Julidae E 0,4 0,1
Lithobius borealis Chilopoda Lithobiidae A 412 17,2 20,9 14,3
Lithobius cyrtopus Chilopoda Lithobiidae R 441 78,2 43 423
Lithobius forficatus Chilopoda Lithobiidae E 0,9 2,2 0,9
Lithobius lapidicola Chilopoda Lithobiidae A 3,2 0,8 0,3
Lithobius microps Chilopoda Lithobiidae E 0,2 43 1,0
Lithobius mutabilis Chilopoda Lithobiidae E 0,4 0,1
Lithobius pelidnus Chilopoda Lithobiidae R 96,8 99,2 1,2 491 35,6
Lithobius sp. Chilopoda Lithobiidae 2,4 8,7 3,0
Lithobius tenebrosus Chilopoda Lithobiidae A 1,7 0,4
Armadiflidium vulgare Isopoda Armadillididae E 0,4 0,1
Tracheoniscus rathkei Isopoda Trachelipodidae E 0,4 0,1
Tracheoniscus ratzeburgi Isopoda Trachelipodidae A 14,7 6.5 1,8
Celkem/In total 34 31 252 577 230 1124

EK/EC - Ekologicka kategorie/Ecological category (Tur, Turova 2008): R - reliktnifrelic; A - adaptabilni/adaptable; E - eurytopni/eurytopic
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Fauna stonozek smrku pichlavého, zahrnujici prakticky jeding druh
(L. pelidus) ve ttech od sebe izolovanych lokalitich (Janov - Dlouha
louka - SnéZnik) se statisticky vyznamné 1i${ (Kruskal-Wallis test: H
(2,N=120) = 29,4937, p = 0,0000; Dunniiv test: p < 0,032). Zasadni byl
rozdil mezi stanovi$tém Dlouhd louka a Janov, porosty leZi ve stejné
nadmoiské vysce a pficina rozdilu miiZe byt diferencovana potravni
nabidka, nebot se jednd o predatory. Sttedni zastoupeni charakterizuje
lokalitu Snéznik v nizké poloze (obr. 4).

Tab. 4.

Frekvence vyskytu L. pelidus pfi kontrolnim odbéru v pribéhu vege-
ta¢ni doby dosahovala na Dlouhé louce 70-100%, na Snézniku 20-
100 % a Janové 30-70 %. Nejvy$$i mira pravdépodobnosti odchytu byla
v zafi. Béhem vegetacni doby se potty odchycenych jedincti ménily.
QOd jara do pozdniho léta se projevil pokles a v zai{ vzestup. Statistic-
ky vyznamné rozdily (Kruskal-Wallis test: H (3, N = 120) = 17,7019,
p=0,0005) byly mezi sbérem v ervnua zati (Dunniivtest: p=0,02575),
srpnu a zaff, (Dunnbv test: p = 0,0005) (obr. 5); kulminace mohou

Podil Chilopoda z vybranych skupin bezobratlych na dynamice vyskytu kmenové fauny ve vegetaénim obdobi [%]
Proportion of Chilopoda from selected groups of invertebrates on the dynamics of stem fauna occurrence in the vegetation period [%]

Mésic/Month
Druhy/Species \4 VI VI VIl IX X
Julidae sp. 0,67 0,00 0,00 0,00 0,00 0,00
Julus scandinavius 0,00 0,00 0,00 0,00 0,00 0,52
Lithobius borealis 23,49 7,65 8,19 12,21 10,89 2552
Lithobius cyrtopus 4295 3224 2924 5465 3424 63,02
Lithobius forficatus 0,00 1,09 0,58 1,74 0,78 1,04
Lithobius lapidicola 0,00 0,00 0,58 0,00 0,78 0,00
Lithobius microps 1,34 2,73 1,17 1,16 0,00 0,00
Lithobius mutabilis 0,00 0,00 0,58 0,00 0,00 0,00
Lithobius pelidnus 2752 51,37 5205 19,19 52,14 4,69
Lithobius sp. 2,68 4,37 1,75 5,23 0,39 4,69
Lithobius tenebrosus 0,00 0,00 0,00 2.33 0,00 0,00
Megaphyllum projectum 0,00 0,00 0,00 0,00 0,39 0,00
Tracheoniscus rathkei 0,00 0,00 0,00 0,00 0,00 0,52
Tracheoniscus ratzeburgi 1,34 0,55 5,85 3,49 0,39 0,00
Celkem/In total 149 183 171 172 257 192
40 40
a Median = R a Median
35+ [125%-75% 35 0 25%-75%
1 Min-Max 1 Min-Max
30 30
25 25
20 20 I
= =
15 - 15
10 1 i
8 o
o
5 o =] 5
T i
o 0 T
-5 -5
May June July August September  November 2011 2012 2013
Obr. 1. Obr. 2.

Sezénni dynamika stonoZek rodu Lithobius na borovici (D&inska vr-
chovina, 2011-2013)

Fig. 1.

Seasonal dynamics of Pinus stems centipedes Lithobius spp. (D&(inska
vrchovina Highland, 2011-2013)

Popula¢ni dynamika stonoZek rodu Lithobius na borovici v letech
2011-2013 (Dé¢inska vrchovina)

Fig. 2.

Population dynamics of Pinus stems centipedes Lithobius spp.
(Détinskd vrchovina Highland, 2011-2013)
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souviset s procesem rozmnozovani v jarnim obdobi (SPELDA 1999)
a podzimn{ aktivitou p#i vyhledavéni potravy pfed zimovanim. Tato
aktivita souvisi s teplotou 12-22 °C (Graic, Kos 2002) pro stiedoev-
ropské zastupce Lithobiidae a vysokou vlhkosti (FRUND 1987).

Arborikolni chovani stonozek Lithobius spp

V zimujici fauné bezobratlych kmene jedle bélokoré byly z t¥idy sto-
nozky (Chilopoda) zastoupeny v relativné vyrovnané abundanci pou-

35
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25

20
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Obr. 3.

Popula¢ni dynamika druhu Lithobius cyrfopus na borovici v letech
2011-2013 (Dé&¢inska vrchovina)

Fig. 3.

Population dynamics of Pinus stems centipede Lithobius cyrtopus (Dé-
¢inskd vrchovina Highland, 2011-2013)

ze dva druhy Celedi Lithobiidae, a to L. pelidnus (23 ex., 1,11 %) a L. bo-
realis (27 ex., 1,30 %) (SPITZER et al. 2010). Z nasich pozorovani vyply-
vé piftomnost téchto druhii na kmenech mod#inu béhem vegetatniho
obdobi a lze piedpokladat, Ze ve §térbindch borky mohou zimovat.
Populace nachdzejici se na vétvich smrku pichlavého a na kmenech
buku pravdépodobné zimuji v pidnim prostiedi. Naproti tomu miZze
rozpraskanou borku kmene borovic vyuZit dominantni druh L. cyrto-
pusk zimovani.

Nékteré druhy z ¢eledi Geophilidae jsou dobfe adaptovany k pieZiti
v obdobi periodickych zaplav lesnich porostd tim, Ze vylézaji na kme-
ny stromi (ADIS et al. 1996; MoRaIs et al. 1997; FoppaI et al. 2002).
Arborikoln{ charakter druhd L. lusitanus Verhoeff, L. pelidnus, L. bo-
realis, L. valesiacus potvrdil odchyt do stromovych eklektorii (SPELDA
1999). Vystupuji za potravou na kmeny stromi v noci (SPELDA 2005)
a v 1été a na podzim setrvaji na kmenech po celou noc s kulminaci
pocetnosti pied plilnoci (ROBERTS 1956; BRITTEN 1920; CLOUDSLEY
-TaomPsoN 1945). LLoyD (1963) uvadyi, Ze L. variegatus opousti vétve
bukii a vstupuje do detritu v obdobi nepfiznivého pocasi Z uvedenych
druhii potvrzujeme arborikoln{ vazbu druhu L. pelidnus (Larix, Picea
pungens, P. abies), L. borealis (Fagus, Pinus, Larix).

Naproti tomu L. forficatus je $iroce rozifeny a Casto se nachazi
v mé&stském prosttedi a v diisledku toho opousti misto vyskytu (ikry-
tu) v noci, vstupuje do domi (Eason 1964). V sadech je L. forficatus
uvadén pod nebo v blizkosti kmene stromi bezprosttedné po roztati
snéhu. P#i opoudténi kmenti byl loven do zemnich pasti mezi stromy
pokud oschl pidni povrch, mimo obdobi od poloviny ¢ervna do srp-
na. Pt dedti a niZ${ teploté se nachazi na stromech, kde je aktivni az
do zimnich mrazi. Silny dést, pf{my slune¢ni svit nebo horké a su-
ché dny u néj inicijuji opusténi kmene a vstup do piidy (MoNTEITH
1976). Nevyznamné zastoupeni jsme zachytili pouze na Larix a Pinus,
ale bézné se nachédzel ve sledovaném tzemi v zemnich pastech. Nelze
vyloutit pouze fakultativni arborikolni charakter této stonozky.

Lithobius borealis je vzicné nalézana stonoZzka, v CR napi. v Poodi,

Polabi, Beskydech a severozdpadnich Cechach a na btezich Labe v Dé-
¢iné (LaSka 2004). Podle FOLKMANOVE (1954) je glacidlnim reliktem.
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Obr. 4. Obr. 5.

Vyskyt druhu Lithobius pelidnus v izem{ Kru$né hory a Dé&inska vr-
chovina (smrk pichlavy, 2007)

Fig. 4.

Occurrence of Lithobius pelidnus on the territory of the Ore Mts. and
the Dé¢inskd vrchovina Highland (Picea pungens, 2007)
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Sezénni dynamika druhu Lithobius pelidnus na smrku pichlavém
(2007)

Fig. 5.

Seasonal dynamics of Lithobius pelidnus on Picea pungens (2007)
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V ramci CR je povazovany za reliktni druh podhorskych a horskych
lesti (Tur, TurovA 2008). Historické nélezy jsou problematické vzhle-
dem k taxonomické blizkosti s druhem L. lapidicola (BARBER 2009).
Jedna se o druh stiedoevropsky, ale zasahuje do Stfedozemi i Skan-
dindvie. Zji$tén byl jako zimujici na jedli bélokoré vyvizené uvnitf
a na okraji porostu (SPITZER et al. 2010). SuMMERS, UETZ (1979) zmi-
fuji jeho vazbu na kiru a horské louky. Je druhem osidlujici kmeny
strom (SPELDA 1999).

Z Dé&4inské vrchoviny a Kru$nych hor nebyl uvadén. Hojné je jeho
zastoupeni na kmenech modiinu opadavého a borovice lesni, méné
na buku (tab. 3) po celé vegeta¢ni obdobi s dil¢im nariistem zastou-
peni v fjnu (tab. 4) a sniZeny odchyt do zemnich pasti miiZze podpotit
spise arborikoln{ postaveni této stonozky.

Lithobius cyrtopus se vyskytuje ve stiedni Evropé (Tug, Laska 2005)
a je vazan na podhorské a horské oblasti (Brdy, Krkonose, Rychleb-
ské hory etc.) (TajovskY 2001a; Ladka 2004). Rovnéz DANyI, Kor-
80s (2002) a MATIC (1966) jej uvadi z hoské oblasti Madarska a Ru-
munska. Podle TajovskEHO (2000) je druhem charakteristickym
pro vrcholkové horské partie s arkto-alpinskou tundrou a je obecné
rozéifeny v Krkono$ich, soucasné jej Tarovsk¥ (2001b) vymezil i pro
oblast Sumavy. Mezi obecné zastoupené jej v Beskydech fadi Kura et
al. (2011).

Doposud nebyl zaznamenan jeho vyskyt v tizemi Dé¢inské vrchovi-
ny, kde se oviem bé&zné vyskytoval na nékterych drevinich. Obecné
vyuZival kmen borovice lesni, zatimco na modfinu byl méné zastou-
penym druhem. Na buku byl detekovan ve shodé s druhem L. borea-
lis. V pribéhu celého vegetatniho obdobi byl piftomen na kmenech
stromi s tim, Ze v srpnu se jeho vyskyt zvysil a poté kulminoval v #jnu
(tab. 4). Ze zjiéténi jeho pfitomnosti na fadé druht dfevin Ize odvodit
jeho zafazeni mezi arborikolni zastupce a vysoky podil v zavéru vege-
ta¢niho obdobi naznacuje, Ze na kmenech miiZe i zimovat.

Lithobius pelidnus je vzdcnéji nalézana stonozka, u nds dosud prevdzné
v pohrani¢nich pohotich, jako jsou LuZické hory, Jizerské hory, Krus-
né hory (TUF nepubl.), Labské piskovce, Rychlebské hory, Zofinsky
prales, ale i na jinych extrémné&j$ich stanovistich (Mohelensk4 hadco-
vastep, Podyjf; Laska 2004). Druh s t&Zi$tém aredlu ve sttedni Evropé,
v ramci Ceské republiky je povazovany za reliktn{ druh podhorskych
a horskych poloh (Tur, TurovA 2008). Zjistén byl jako zimujici pre-
vazné na kmenech jedle bélokoré uvnitt porostu, méné casto na okraji
porostu (SPITZER et al. 2010). SuMMERS, UETZ (1979) zmifiuji jeho
vazbu na kiiru a horské louky.

Jedna se o vyznamné arborikolni druh osidlujici kmeny mod#inu,
méné &asto borovice lesni. Je vyhradni zéstupce na vétvich smrku
pichlavého, s diléim vyskytem na vétvich smrku ztepilého (tab. 3).
V korunové fauné byl po celé vegetatni obdobi s kulminaci VI-VII
aIX (tab. 4).

Lithobius microps je evropskym druhem (TUr, Laska 2005) osidluji-
cim uvoln&nd stanovi$té (VOIGTLANDER, DUNGER 1992), vyskytuje se
na pfirozenych, ale i v antropogenné naru$enych lokalitaich (WyTwEeR
1995; ZycH 1989). SuMMERS, UETZ (1979) zmifiuji jeho vazbu na lu¢-
ni porosty a opad. Jeho vyskyt, kterylze povaZovat za ptileZitostny, byl
vazan na Pinus a Larix. V zemnich pastech nebyl podchycen.
Lithobius mutabilis je obecné rozéifend hojna stonozka v lesnich eko-
systémech vychodni Evropy (Tur, TurovA 2004). Preferuje stanovi§té
se zvy$enou (100%) vlhkosti (JABIN et al. 2007). Lze souhlasit s jejim
zatazenim do skupiny druhf obyvajici humus v lesnich porostech
(SummERs, UgTz 1979). Piitomnost na stromech (Larix) byla piile-
Zitostnd.

Lithobius tenebrosus Meinert je povaZovan za viznamny druh Sumavy
(TajovskY 2001b), kde byl zachycen na kmenech Zivych jehli¢nani.
Nase sporadické odchyty na Larix a absence na Fagus, Pinus, Picea
nekoresponduje se zivéry SCHATZMANNA (1990), ktery povaZuje jeho
stromovou vazbu za obecnéjii.
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Mimo jiné byl zaznamenan vyskyt t¥{ zastupcii Isopoda (Armadillid-
ium vulgare (Latr) 1 ex., Tracheoniscus rathkei (Brandt) 1 ex. a Tra-
cheoniscus ratzeburgi 20 ex.) a dvou zastupc Diplopoda (Megaphyi-
lum projectum (Verhoeff) 1 ex., Julus scandinavius Latzel 1 ex.).

ZAVER

Settent potvrdila arborikolni charakter zistupct Chilopoda — Litho-
bius pelidnus, L. borealis, L. cyrtopus, fakultativni vyskyt na kmenech
lesnich dievin Lithobius forficatus, L. mutabilis, L. microps, L. lapidi-
cola. Nepotvrdila se vyraznéj$i arborikolni vazba druhu L. fenebrosus,
L. mutabilis. Nebyla stanovena piftomnost arborikolnich stonozek
L. lusitanus, L. valesiacus, L. piceus, L. variegatus.

Fauna Chilopoda jednotlivych dfevin se profilovala dominantnim
druhem: Fagus (Lithobius borealis, L. cyrtopus), Picea (Lithobius pelid-
nus), Pinus (Lithobius cyrtopus), Larix (Lithobius pelidnus, L. borealis).

Vyskyt na kmenech a vétvich po celé vegetaini obdobi byl stano-
ven u druhi Lithobius pelidnus, L. borealis, L. cyrtopus, L. forficatus,
L. microps.

Podékovani:

Vyzkum byl podporovin vyzkumnym zdmérem MSM6215648902
a regionalnimi akciovymi spole¢nostmi a firmami - Netex, s. r. 0., Dé-
¢n, Skupina CEZ, a. 5., Praha, Lafarge cement, a. s., v Cfzkovicich. De-
terminace sbéru ze smrku pichlavého proved! dr. I. H. Tuf, zbyvajici
jedince determinoval Ing. M. Lazorik s revizi dr. Tufa, kterému za po-
moc dékujeme.
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CHILOPODA IN CROWN AND STEM FAUNA OF FOREST TREES
SUMMARY

Centipedes (Chilopoda) are predacious, they chase spiders, slugs, insects, and live under the bark of trees, under stones or wood, in the soil or
in the forest litter, being active at night. They prefer moist sites. Their reproduction potential is low, maximum activity in spring and then in
autumn in moist forests. There are only partial data on the arboricolous representatives of Chilopoda in the literature (LLOYD 1963; SPELDA
2005; ROBERTS 1956; BRITTEN 1920; CLOUDSLEY-THOMPSON 1945; SPITZER et al. 2010).

The paper aims at a determination of the fauna of Chilopodes on trunks and branches of some woody plants growing in the territory of the
Ore Mts. (Kru$né hory Mts.) and the Dé&¢inskd vrchovina Highland (Czech Republic), which was affected by air pollution in the past, and their
seasonal dynamics.

In 2007-2013, a survey took place focused on the crown fauna of the invertebrates on selected tree species (Picea pungens Engelm. 2007, Picea
abies (L.) Karsten 2007, Larix decidua (Mill.) 2010, Pinus sylvestris (L.), and Fagus sylvatica L. 2011-2013).

In blue spruce and Norway spruce, branches were shaken off onto a canvas stretched on a metal frame (0.5m x 1 m). As for other species, whole
trees were shaken off by club strokes on the trunk and the insects were caught onto four canvasses (total size 16 m?) stretched on the ground
under the tree crown projection.

Programmes employed for data analysis were STATISTICA 10 (StatSoft CR, Ltd.), and distribution-free single-factor ANOVA - Kruskal- Wallis test.
On branches in the crowns and on tree trunks we caught eight species of the Lithobius genus, of which some can be considered in faunal terms
as commonly occurring in the studied territory (Lithobius pelidnus Haase, L. borealis Meinert, L. cyrtopus Latzel (Tab. 2). As a smooth-bark tree
species, beech profiled itself with only two representatives of L. borealis and L. cyrtopus at equal amounts. Blue spruce exhibited a simple fauna,
with its branches being colonized exclusively by L. pelidnus. The fauna of Norway spruce can be characterized in a similar way although with
a much lower abundance. On Scots pine, the endominant species of L. cyrtopus was accompanied by L. borealis. The most abundant fauna of
centipedes was bound to larch and the profiling representatives were L. pelidnus and L. borealis (Tab. 3).

The above facts demonstrate the arboricolous character of L. pelidnus, L. borealis and L. cyrtopus species. Chilopoda of the Lithobium family
were represented on the trunks and in the crowns during the entire growing season with no essential change in their abundance with an
exception of L. borealis, which exhibited a higher dominance at the beginning and towards the end of the vegetation period (Tab. 4).

The representation of the Lithobius genus in all studied Scots pine stands was equable with no statistically significant differences (Kruskal-Wallis
test: H (2, N = 53) = 0.0913, p = 0.9554) as a natural constituent of the fauna on Scots pine trunks with bark of medium thickness reaching up
to a half of the trunk.

As forlarch, the structure of bark influenced conditions for the occurrence of centipedes on the trunk. Larch stands of higher altitudes showed
a lower representation of centipedes.

Our research corroborated the arboricolous character of Chilopoda representatives — Lithobius pelidnus, L. borealis, L. cyrtopus, facultative
occurrence of Lithobius forficatus, L. mutabilis, L. microps and L. lapidicola on the trunks of forest trees. More distinctive arboricolous bond of
Lithobius tenebrosus and L. mutabilis was not demonstrated. The presence of arboricolous chilopoda Lithobius lusitanus, L. valesiacus, L. piceus
and L. variegatus was not ascertained.

The fauna of Chilopoda on the respective woody plants profiled itself by the dominant species of Lithobius borealis and L. cyrtopus on Fagus,
Lithobius pelidnus on Picea, Lithobius cyrtopus on Pinus, and by Lithobius pelidnus and L. borealis on Larix.

The occurrence on tree trunks and branches throughout the entire vegetation season was demonstrated for Lithobius pelidnus, L. borealis,

L. cyrtopus, L. forficatus and L. microps.
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Abstract:

The effect of soil type, form of humus and altitude on the species composition and density of soil inverte-
brate communities was studied. Pitfall traps was used to examine diversity of selected epigeic invertebrate
groups, i.e. Diplopoda, Chilopoda and Isopoda. A total of 40 species of these groups were captured in
traps in a set of 38 sites in forests of Beskydy Mountains, Czech Republic, and monitored for 2007-2012.
Overall findings showed the presence of species with wide tolerance to the soil type. High numbers of
species were found on Cambisols and Leptosols; Histosols and Stagnosols exhibited smaller number of
species and lower abundance. Regarding the form of humus, most abundant populations occurred in soils
with Moder humus. Sites with Mor humus were dominated by representatives of the Chilopoda (Litho-
biomorpha). Soils with Mull humus were characterised with the presence of species resistant to drying.
Sites with Tangl humus were characterised by the presence of Hyloniscus ryparius (Isopoda). The altitu-
dinal analysis revealed the preference of Isopoda to lower altitudes, Chilopoda to middle and Diplopoda

to middle and high altitudes.

Key words Diplopoda, Chilopoda, Isopoda, type of soil, form of soil humus, altitude

Introduction

Forest communities are strongly dependent on soil
types and the peculiarities of their humus (Kauz,
Topp 1998, ScHuk et al. 2003), elevation and slope
position (Muprick et al. 1994, PoNGEr et al. 1997)
and chemical characteristics of soil (SCHAEFER,
ScHauERMANN 1990). The structure of the soil and
the composition of the epigeic invertebrate commu-
nities reflect qualitative changes of the soil and are
sensitive to local endogenous and exogenous factors
(BLackBURN ef al. 2002, JaBv 2008). Several groups
of invertebrates have great importance as bioindica-
tors for the soil quality, i.e. Aranea (Buchar 1983),
Oribatoidea (Curry 1978), Carabidac (Htrka et
al. 1996) and Staphylinidae (BonA¢ 1990). Recent
studies have demonstrated the bioindicative value
of Myriapoda and Isopoda (Tur, Turova 2008). The
knowledge of ecological preferences of various in-
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vertebrates contributes to their assessment as bioin-
dicators. The strong connection of invertebrates to
the soil characters requires further examinations of
site conditions in relation to the usefulness of vari-
ous groups as bioindicators (Scuru, Poser 1996,
BrackBurN et al. 2002, JaBin 2008, Tur, Turova
2008, DuNGER, VOIGTLANDER 2009).

The subphylum Myriapoda includes inver-
tebrates predominantly dwelling in soil (Kaurz,
Topp 1998, HorkN, REaD 1992, ScHEU et al. 2003,
Gorovatch, Kive 2009, Muprick ef al. 1994, Ponge
etal. 1997).Its class Chilopoda is the prevailing group
in relation to the biomass; although known as carni-
vores, intake of detritus is notuncommon in centipedes
(LEwis 1965, Gunn, CHERRETT 1993). Organic matter
containing bacteria, fungi and moulds is the main
food resource for diplopods and isopods (STEPHEN

269



Kula E., M. Lazorik

1992, LanG 1954, FRANKENBERGER 1959). FERLIAN ef
al. (2012) reported some species of Lithobiomorpha
[Lithobius crassipes L. Koch 1862, L. mutabilis L.
Koch 1862] as consumers of fungi, along with hunt-
ing collembolans and oribatids (MaravN ef af. 2003,
2011, CHAHARTAGHI et al. 2005).

In forest ecosystems, the relationship be-
tween soil conditions and the epigeic fauna was re-
cently analysed (BLACKBRURN et al. 2002, SCHAEFER,
SCHAUERMANN 1990, Jarmy 2008, ScuEU, PosEr 1996,
ScrEU, SETALA 2002). Experimental evidence sug-
gested that, in natural ecosystems, where several
species co-occurred in close temporal and spatial
proximity, there were interactions between the dif-
ferent types of litter decomposition (BLar et al
1990, McTIERNAN ef al. 1997, WARDLE ef al. 1997,
HooRENS et al. 2003, SmrtH, BRADFORD 2003).

Important factors of soil environment affecting
myriapods include the height of accumulated humus,
the nutrient component of soil-forming processes,
soil moisture, pH, and contents of skeleton and air
(ScuEU, PosEr 1996, BLACKRURN et al. 2002, Jamy
2008). ScHREINER ef af. (2012) have shown a signifi-
cant influence of successional change defined by the
stand age on the communities of diplopods and chi-
lopods. Julus scandinavius Latzel, 1884 was a spe-
cies that indicated successional changes in deciduous
forests (Torr 1998), while Scuey, ScruLz (1996) re-
vealed the different responses of soil invertebrates to
successional changes as per trophic group. Torp ef af.
(1992) observed links between synanthropic and eury-
topic members of diplopods in woodlands. Decrease
in the number of species and the number of subjects
was studied in urban, rural and suburban areas. It has
been shown a decrease of the impact of urbanization
on the diversity and the expansion of synanthropic
species (Bogvo et af. 2015). Changes in the water
regime influenced communities of isopods and mil-
lipedes in forested montane wetlands (STERZVISKA
et al. 2015). Altitude was also recorded as a factor
limiting the distribution of isopods and millipedes
(Tasovsky 1997, STERZVISKA et af. 2015). Impact of
tree species has been studied in the Arboretum Borova
Hora (Slovakia), where there were significant differ-
ences in the composition of millipedes under various
tree species (STasiov ef al. 2012).

In the context of above-described knowledge of
soil invertebrate communities and their dependence
on various factors in forest ecosystems, the aims of
the present study are (1) to characterise the structure
of communities of Diplopoda, Chilopoda and Isopoda
under the conditions of different soil types in a select-
ed mountain areas; (2) to examine whether the form
of humus can influence these communities; and (3) to
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test whether myriapods can be used as bioindicators
for undisturbed forest soils in mountain zones.

Material and Methods

The study area

We used 38 plots being sites of a monitoring grid
(Fig. 1) and representing a broad range of mesocli-
matic conditions of the massifs of Smrk and Knéhyné
in the Moravskoslezské Beskydy Mountains, Czech
Republic. The altitudinal gradient of plots was 540-
1220 m. The diversity of soils included from oligo-
basic soils (Cryptopodzols and Podzols) to eumeso-
basic soils (Cambisols, Leptosols); their hydric range
varied from soils without hydromorph influence
to such permanently affected by water (Histosols),
with microecologically significantly differing stand
types of beech (11 stands) and spruce (27 stands).
The stand age was between 49 to 160 years and 60
to 259 years, respectively. The climate of the area
is characterised by av. annual precipitation 690-934
mm, av. annual temperature 2.6°C, with the mini-

bE PL

Czech Republic

50 km SK

AT

Fig. 1. Location of sites in the mountains Moravskoslez-
ské Beskydy in the massifs Smrk and Knéhyné and along
the Celadenka river. A ring of the number represents the
location of the site. The coordinates for the corners of the
viewport indicate the position of the upper left and lower
right corner of the viewport. Length is a real length field
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Table 1. Habitat characteristics of permanent research plots (Beskydy, 2007-2012)

Localities GPS localities Type of soil Treef e Al Forny
cies (m) of humus
1 N 49°30°47.5" E18°20°37.1"" Leptosols (LP) S 600 Mor
2 N 49°30°10.7"° E18°20°51.5"" Leptosols (LP) B 815 Mor
3 N 49°29°02.5"" E18°21°08.7"" entic Podzols (eP) B 880 Moder
4 N 49°29°01.9"" E18°21'23.0"" haplic Podzols (haZ) S 890 Mor
5 N 49°29°02.0"" E18°22°33.3" haplic Podzols (haZ) B 850 Moder
6 N 49°29°04.5"" E18°22°16.0"" Cambisols (CM) B 915 Moder
7 N 49°29°42.6" E18°21°03.0" Leptosols (LP) B 855 Mor
8 N 49°30°10.9"" E18°23'04.4"" haplic Podzols (haZ) S 1010 Mor
9 N 49°30°15.5" E18°23'02.0"" Cambisols (CM) S 1045 Moder
10 N 49°30°13.5" E18°24°'14.2"" Leptosols (LP) S 845 Mor
1 N 49°31°08.6"" E18°23'19.9"" Leptosols (LP) S 840 Mor
12 N 49°30°57.1"" E18°22'54.4"" entic Podzols (eP) B 835 Moder
13 N 49°30°55.0"" E18°2222.1"" Leptosols (LP) S 850 Moder
14 N 49°31°03.9" E18°21'55.9" Cambisols (CM) S 830 Moder
15 N 49°31°19.1"" E18°22°09.4"" Leptosols (LP) S 780 Mor
16 N 49°30°31.7"" E18'1924.3"" Leptosols (LP) S 785 Moder
17 N 49°29°55.2"" E18°2026.1" Fluvisols (FL) S 560 Moder
18 N 49°28°57.0"" E18°20°38.2" Fluvisols (FL) S 610 Moder
19 N 49°28°07.0" E18°21°19.6"" Gleysols (GL) S 680 Tangel
20 N 49°27°56.5" E18°21'04.6" Histosols (HS) S 660 Tangel
21 N 49°28°44.6" E18°22°43.3"" Cambisols (CM) B 730 Moder
22 N 49°28°36.2"" E18°22°54.0" Cambisols (CM) S 695 Moder
23 N 49°2824.6"" E18°24'59.5"" Histosols (HS) S 530 Tangel
24 N 49°2828.4"" E18°25'01.5" Stagnosols (ST) S 540 Mor
25 N 49°29729.3"" E18°21°00.6" entic Podzols (eP) B 870 Moder
26 N 49°29°27.8"" E18°20°58.1"" Leptosols (LP) S 825 Mor
27 N 49°30°32.6"" E18°18'13.2" Cambisols (CM) B 1015 Moder
28 N 49°30°40.6" E18°18'10.7"" Cambisols (CM) B 1025 Moder
29 N 49°31°38.5" E18°23'12.9" Leptosols (LP) S 620 Mor
30 N 49°31°17.1"" E18°18'57.4"" Cambisols (CM) S 630 Moder
31 N 49°29°45.2° E18°21°34.2"" Cambisols (CM) S 1100 Mor
32 N 49°30718.9"" E18°22°14.8"" Leptosols (LP) S 1190 Mor
33 N 49°30°17.4" E18°22°08.1"" haplic Podzols (haZ) S 1220 Mor
34 N 49°30°08.5"" E18°2220.6"" haplic Podzols (haZ) S 1100 Moder
35 N 49°31°09.6"" E18°19713.2"" Cambisols (CM) B 635 Mull
36 N 49°28°46.6" E18°23'39.6"" Cambisols (CM) S 620 Moder
37 N 49°28719.5"" E18°23'34.9"" Cambisols (CM) S 645 Moder
38 N 49°31713.5" E18°18°06.6"" haplic Podzols (haZ) S (Fir) 635 Moder
Note: Tree species: S-spruce, Norway spruce, B-beech

mum in January (-6.1°C) and the maximum in July
(11.7°C), the absolute minimum -30.9°C and the
absolute maximum (29.5°C) (weather station: Lysa
hora, 1323 m a.s.1.).

Sampling methods

To capture epigeic fauna, five pitfall traps filled with
formalin (4% formaldehyde) were placed in each of
the 38 stands studied (Table 1). Pitfall traps were set
in working condition every year at the end of April.
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The volume of each trap was 4 litres, and the diam-
eter of the trap mouth was 93 mm. The traps were
sheltered with metal roofs and installed linearly with-
in each stand, with a space of 10 m between the traps.
The traps were collected every six weeks (15 June, 31
July, 15 September and 30 October) in 2007-2012.

Soil types and forms of humus

A soil probe was used at each site to allow describ-
ing the soil profile, determining the depths of the in-
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dividual horizons and taking a sample (September
2009) to carry out the chemical analyses of the over-
lying humus layer (horizon H) and the soil (horizon
Ah). The soil analysis followed the methodology
of the Taxonomic Soil Classification System of the
Czech Republic (Nemecek et al. 2001). For deter-
mining the type of soil and humus forms, an analysis
was performed on one sample. Changes in the soil
environment were not studied.

The soil type was determined at the research
sites based on the soil horizon structure using the
methodology according to WRB 2006 (The World
Reference Base for Soil Resources), which involves
a two-stage system of soil classification with 32
major soil groups (“Reference Base™) and over 120
clearly defined traits to describe the specific proper-
ties of the soil. Eight main soil types were defined on
the monitored sites (Table 1): Leptosols (LP), Haplic
Podzols (haZ), Entic Podzols (eP), Stagnosols (ST),
Histosols (HS), Cambisols (CM), Gleysols (GL) and
Fluvisols (FL).

Simultaneously, the form of soil humus was de-
termined, i.e. Mor, Moder, Mull and Tangle (Table
1). While characteristic of the Mor form is the ac-
cumulation of non-humified dead organic matter on
the soil surface, low pH and combined cold and wet
mesoclimate, the Mull form features a rapid humifi-
cation process, decaying organic matter, a rich herb
layer and activity of actinomycetes and bacteria; the
Moder form represents a transition between Mor and
Mull. Finally, Tangle as a separate form of humus is
characterised by intense accumulation of undecom-
posed organic matter on wet sites (peat bogs).

Altitudinal vegetation zones (AVZ)

Four altitudinal vegetation zones were recognised:
530-700 m, 701-875 m a.s.1., 876-1050 m and 1050-
1220 m. The comparison was performed by using
canonical correspondence analysis (CCA) after log-
transformation and with downweighted race data.
CCA results are presented as an ordination diagram
of vectors axis shows the distribution of the environ-
mental variables (AVZ) and illustrating the position
of species.

Statistical processing

The module of basic characteristics was applied to
determine the position of data relative to normal dis-
tribution (STATISTICA 10). Subsequently, the data
were tested in the environment of the CANOCO
4.5 program using Detrended Canonical Analysis
(DCA), where suitability of subsequent analyses was
determined on the basis of the resulting eigenvalues.
To assess environmental variables that do not differ
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between structures, but are related to myriapod turn-
over, we performed a Canonical Correspondence
Analysis (CCA) or Redundance Analysis (RDA)
in CANOCO 4.5 (ter Braak, SMILAUER 2002, Leps,
SmrLauer 2003). Densities were log transformed
(x+1) and rare species were downweighted. We en-
tered all environmental factors, used interspecies
distances, Hill’s scaling, and extracted seven best-
fitting environmental variables using the forward
selection procedure with 999 Monte-Carlo permu-
tations for significance testing. In cases where the
input data were evaluated as linear combination, we
used redundancy analysis (RDA); this method was
used for defining the relationship of each myriapod
and isopod species to the form of humus.

Results

Impact of soil type

Eight soil types were characterised in the set of 38
stands monitored on the basis of morphological traits
found in the soil probes. Cambisols (CM; 12 sites)
and Leptosols (LP; 10 sites) were the predominant
types. The soil environments were diverse, ranging
from dystric to mesotrophic scree subtypes. A group
of soils showing processes of podzolisation (11
sites), including the soil types of Entic Podzols (eP),
Haplic Podzols (haZ) and Stagnosols (ST), were also
recorded; these soils indicate acidification and nutri-
tional deterioration of soil humus with a deceleration
process.

Isopods were clearly connected to sites with a
high content of undecomposed organic matter with
Histosols (HS) (Fig. 2A). Diplopods were more
frequent on Cambisols (CM), and chilopods were
rather common on Fluvisols (FL) and Gleysols (GL)
(Fig. 2A).

From the Chilopoda, several species such as
Lithobius forficatus L., 1758, L. mutabilis L. Koch,
1862, L. cyrtopus Latzel, 1880 and L. erythrocephalus
C.L. Koch, 1847 colonised Cambisols and Leptosols,
1.e. soils that provide good moisture conditions (Fig.
2B). In contrast, Lithobius pelidnus Haase, 1880, L.
austriacus Verhoeff, 1937, L. tenebrosus Meinert,
1872 and L. micropodus (Matic, 1980) favoured
Leptosols (LP), i.e. the soil type with a high content
of skeleton and reduced moisture. Cambisols (CM)
suited to Lithobius burzenlandicus Verhoeff, 1934.
Geophilus insculptus (Attems, 1895) and Lithobius
biunguiculatus Loksa, 1947 exhibited clear prefer-
ence to Haplic Podzols and Entic Podzols, respec-
tively. Lithobius forficatus 1., 1758 a very common
species, was recorded to a wide range between Haplic
Podzols and Cambisols (Fig. 2B).
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A wide range of diplopod species, Leptoiulus
trilobatus (Verhoeff, 1894), Ophyiulus pilosus
(Newport, 1842), Tachypodoiulus niger (Leach,
1815), Cylindrondus nitidus (Verhoeff, 1891),
Brachyiulus bagnalli (Curtis, 1845) and Julus ter-
restris L., 1758, showed a positive relationship
with Leptosols (LP) (Fig. 2C). Glomeris hexasticha
Brandt, 1833 was mostly found on Entic Podzols,
where the process of podzolisation only occurs in
the deeper soil layers. Glomeris connexa C. L. Koch,
1847 and Haasea flavescens (Latzel, 1884) have col-
onised Cambisols (CM), a soil which ranks among
types rich in nutrients. The species prevailing in wa-
ter-influenced soils was Julus scandinavius Latzel,
1884; its presence, however, was not as significant
as that of Glomeris pustulata Latreille, 1804. Out of
isopods, Hyloniscus riparius (C. Koch, 1838) was
strongly bound to Histosols (HS). Trachelipus ratze-
burgii (Brandt, 1833), Porcellio scaber Latreille,
1804 and Oniscus asellus L., 1758 were species
that preferred Haplic Podzols (haZ) (Fig. 2D).
Protracheoniscus politus (Koch, 1841) was found
most frequently on Cambisols (CM) and Ligidium
germanicum Verhoeff, 1901 mostly occurred on
Entic Podzols (eP).

Impact of humus form

The Moder was the most frequently found form of
overlying humus in the stands monitored (20 stands).
At these stands, not all the horizons were fully de-
veloped, some of them being greatly reduced or ab-
sent. The Mor form was predominant at 14 sites, as a
result of low pH and slow soil-forming processes; at
these sites, all the horizons were present and the to-
tal overlying humus was accumulating to a depth of
15-18 cm. Only a single site (No. 35) was recorded
to contain the Mull humus. By contrast, three sites
contained the Tangle form (No. 19, 20 and 23) where
overlying humus was extending to a depth of 60 cm
(Table 1).

The form of the overlying humus considerably
influenced various myriapod groups (Fig. 3A). For
the Diplopoda, a positive correlation with the Moder
form was registered for Glomeris verhoeffi fagivora
(Verhoeft, 1906), Glomeris hexasticha Brandt, 1833,
Polyzonium germanicum Brandt, 1837 and Haasea
favescens (Latzel, 1884). Julus scandinavius Latzel,
1884, Brachyiulus bagnalli(Curtis, 1845), Leptoiulus
trilobatus (Verhoeff, 1894) and Ophyiulus pilosus
(Newport, 1842) were the species found to a vari-
able extent on the sites with Mor and Moder humus
forms (Fig. 3B). Species with a positive response
to Mor and Tangle included Brachydesmus superus
Latzel, 1884, Cylindroiulus nitidus (Verhoeff, 1891),
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Tachypodoiulus niger (Leach, 1815), Polydesmus
denticulatus C.L. Koch, 1847, Glomeris pustulata
Latreille, 1804 and Polydesmus complanatus (L.,
1761).

The Chilopoda was the group found mainly on
sites with Mor and Moder humus. Lithobius austria-
cus Verhoeft, 1937, L. erythrocephalus C. L. Koch,
1847, L. cyrtopus Latzel, 1880, L. nodulipes Latzel,
1880, L. pelidnus Haase, 1880, Geophilus insculp-
tus Attems, 1895 and Strigamia acuminata (Leach,
1814) occurred at sites with a predominance of the
Mor form (Fig. 3C). A positive relationship with
Moder was revealed for Geophilus flavus (DeGeer,
1778) and Lithobius biunguiculatus Loksa, 1947.
Lithobius borealis Meinert, 1868 was the only spe-
cies that exhibited a slightly increased occurrence on
sites with the Tangle humus form.

Isopods were abundant on sites with Mor and
Tangle humus forms. While Ligidium hypnorum
(Cuvier, 1792) and Hyloniscus riparius (C. L. Koch,
1844) showed a positive connection to the Tangle
form (Fig. 3D), Protracheoniscus politus (C. Koch,
1841), Trachelipus ratzeburgii (Brandt, 1833) and
Oniscus asellus L., 1758 occurred at sites with a pre-
dominance of the Mor form. Ligidium germanicum
Verhoeff, 1901 was confirmed to have a positive re-
lationship to the Moder form, when the vector axis
is nearly identical to that of the gradient. In Moder,
52% of individuals were caught using pitfall traps
(33 species), while Tangle uncovered 4% of cap-
tured individuals (21 species), which could have
been caused, to some extent, by the location of sites
in valleys or migration. For most of the species, only
several individuals were trapped.

Impact of altitude

We used canonical correspondence analysis to exam-
ine the impact of altitude on abundance of millipedes,
centipedes and isopods. To simplify the analysis, the
altitude was presented as four altitudinal vegetation
zones (AVZ). Axis 1 explained 24.5% of the vari-
ance (p = 0.001) and Axis 2 explained 12.6% (p =
0.001). According to the ordination diagram (Fig.
4), diplopods occurred in all four AVZ. Significant
abundance was revealed for Polydesmus denticula-
tus and P. complanatus (Fig. 4); these two species
represented 19.8% of the total number of captured
millipede individuals. Another important species is
Glomeris connexa, which is more common in AVZ 5.
Representatives of the Chilopoda occurred in AVZ 4
and AVZ 5 representing altitudes of 530-875 m.
Several frequent species such Lithobius forficatus, L.
erythrocephalus, L. mutabilis and L. cyrtopus did not
show pronounced differentiation along the altitude
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Diplopoda, D — Isopoda) by species using the CCA analysis, where the arrows represent the dominant ecological
relationships together. The values listed on the species itself are marked with a cross. Generic points and key together
reflect the distribution of species on each environmental variable

range. However, species such as Lithobius austria-
cus, L. borealis and L. micropodus occurred mainly
in lower zones (Fig. 4). Isopods occurred mostly
in zones lower than the altitude of 850 m; the most
abundant representative Protracheoniscus politus oc-
curred at the transition between AVZ 4 and AVZ 5.

Discussion

Impact of soil type

We studied the effect of different soil conditions on
the distribution ofthe soil macrofauna ofthree groups,
i.e. millipedes, centipedes and isopods. The overall
distribution of the individual species substantially
varied. The most abundant group was the Chilopoda,
especially in Cambisols and Leptosols. This corre-
sponds to the results of Jabin (2008) on areas with
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Dystric Cambisols in Germany as well as to the ob-
servations on soils with good aerobic regimes and
with sufficient free living space (KLEBER, Jarn 2007,
Jasm et al 2006). When comparing the occurrence of
individual species in the studied area, we found an in-
creased proportion of the Lithobiomorpha (Lithobius
pelidnus, L. austriacus, L. tenebrosus, L. micropodiis,
L. erythrocephalus) and Geophilomorpha (Strigamia
acuminata) on ranker soils. Leptosols are charac-
terised by the presence of stones, aeration and good
permeability, which favours the occurrence of the
Chilopoda. The ground traps in localities with high
skeleton and lower humidity have captured mostly
species (Lithobius pelidnus, L. tenebrosus) character-
ised by astrong link to trunks of trees (StnavERs, UETZ
1979, ScHATZMANN 1990, SPITZER ef al 2010, KuLa,
Lazorik 2014). Members of the genus Lithobius (L.
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lationships to soil humus forms

borealis, L. nodulipes and L. microps) and Strigamia
acuminata are represented in soils with suitable
moisture regime, which is consistent with the data
of Bareer, Keay (1988). While Lithobius borealis,
L. microps and Strigamia acuminata are connected
to habitats affected by high levels of water, the peat
species Lithobius nodulipes may occur mostly near
springs (Sprrzer et al. 2007).

Diplopods occur mostly at locations with
Cambosols and Leptosols. However, the most nu-
merous records were on Entic Podzols and Haplic
Podzols. These soils are characterized by a reduc-
tion in pH, slowing the process of humification
and accumulation of forest litter. On the prevalent
soil type, Cambisols, the dominating species are
Glomeris connexa and Hassea flavescens. In partic-

1.0

Axis 2 (variance 12.6 %)

5AVZ

-1.0

1.0

-1.0 Axis 1 (variance 24.5 %)

Fig. 4. Ordination diagram showing the distribution of the
Diplopoda, Chilopoda and Isopoda in relation to the alti-
tude (CCA). Two predetermined axes explaining 24.5%
and 12.6%, respectively. The vector shows the altitude
vegetation zone. Circle, Diplopoda; triangle, Chilopoda;
square, Isopoda

ular, G. connexa 1s defined in relation to the habitat
as eurythermic to thermophilic, indifferent to bed-
rock (Stasov et al. 2007) or as eurytopic woodland
species, with preference to xeric shrub communities
(VorgTLAnDER 2011). Soils affected by water were
dominated by Julus scandinavius, which is consid-
ered among the representatives adapted to multi-
level habitats with vegetation and different humidity
(VorgTLANDER 2011). As diplopods occurring in soils
with lower levels of moisture are Ophyiulus pilosus
and Brachyiulus bagnaili (Frind, Ruszkowski 1989)
while Julus tervestris is characteristic for inundated
habitats (Bocyo et al. 2012, JeprYCZKOWSKY 1992).
The occurrence of Tachypodoiulus niger, being a
species resistant to drought, in skeletal soils is in ac-
cordance with previous data (HAACKERT 1968).

Isopods are recorded in Histosols representing
environment with the necessary levels of moisture.
However, Protracheoniscus politus and Trachelipus
ratzeburgii are captured on stony Leptosols. In ad-
dition, Cambisols also provide suitable habitats for
the occurrence of these species. Notably, Hyloniscus
riparius and Lygidium hypnorum occur to some ex-
tent at all locations but the most significant numbers
of them are on Histosols.

We can confirm that representatives of diplo-
pods, chilopods and isopods are suitable for bioin-
dication of soil habitats. However, it is necessary to
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extend the knowledge of their ecological require-
ments and responses to a wider range of soil char-
acteristics.

Impact of humus form

The humus layer involves a border area, in which
there is contact between plants, animals and micro-
bial organisms. Significant biological processes are
underway as part of the woodland ecosystem (PoNGE
2003), resulting in humus forms (Rusex 1975,
Kupiena 1955) that in turn influence terrestrial plant
and animal communities (PoNGE et al. 1997, PoNGE,
1999, Hooper et al. 2000). The Mull form is charac-
terised by (i) rapid decomposition of tree litter as a
result of operating animal decomposers and white-rot
fungi, and (i1) soil fertility (Ponge 2003). The pres-
ence of macrofauna, particularly Lumbricidae, may
transform the form of humus, e.g. Mull to Moder,
thus creating variations in the Myriapoda coenose
(Scueu, Poser 1996). PeTERsEN, LuxTon (1982) re-
port that acidification of the soil results in the differ-
ent soil fauna of the Moder form (mesofauna — Acari,
Collembola) compared with the Mull form (macro-
fauna — Lumbricidae, millipedes, isopods). Increased
acidity reduces fragmentation of beech litter mass
and its decomposition and results in the formation of
Mull due to the limited representation of macrofauna
decomposers (ScHEU, WoLTERs 1991).

The effect of humus forms on the myriapod
fauna was studied in a broader area with relatively
similar habitat characteristics (O’NeiLL, REICHLE
1979, PeterseN, Luxton 1982, BorneBuscH 1930,
SCHAEFER, SCHAUERMANN 1990, Davip ef al. 1993).

The area of the mountains of Moravskoslezské
Beskydy was affected by acid rain in the past.
Predominant in the middle zones with occurrence of
spruce stands is Moder (overlying humus with mod-
erate accumulation of undecomposed organic matter
and the onset of mineralisation processes, increased
carbon content and a higher C to N ratio along with
low pH). The decrease in the rate of mineralisation
and decomposition arrives with the stand’s age (45-
95 years), while the metabolic activity and microbial
activity recede (CHAUVE et al. 2005) and the fungal
biomass increases. The monitored stands of spruce
and beech in the mountains of Moravskoslezské
Beskydy were older than 60 years and correspond
to this stage of the soil process. The Mull form is
reported from a spruce forest (Bernier, PoNge 1994)
only at the stage of senescence.

Moder (33 myriapod species) primarily profiled
through eurytopic species (Lithobius forficatus, L. mu-
tabilis, L. erythrocephalus), through adaptive species
(Glomeris connexa, Leptoiulus trilobatus) and the rel-
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ict Lithobius cyrtopus. Mor (34 species of Myriapoda)
can be described with the range of adaptable species
such as Protracheoniscus politus. Mull created unfa-
vourable conditions for the Myriapoda (11 species),
with the shares of the eurytopic members Lithobius
mutabilis, L. forficatus and L. cyrtopus being the most
distinct. Tangle (21 species) can be characterised by
Hyloniscus riparius, a species that was in fact absent
in other forms of humus. The density and species di-
versity of Chilopoda, especially Geophilomorpha,
and saprophagous macrofauna (Diplopoda, Isopoda)
is reported to be higher in the Mull form of a restored
stand compared with the Moder form of an adult
spruce stand (Sarmon ef al. 2008), which is in accord-
ance with the data of Arrias-BinchE (1982), SCHAEFER
(1991B), Davm et al. (1993), LAVELLE, SPAIN (2001),
SCHAEFER, SCHAUERMANN (1990) and Ponce (2003).
Generally, the species diversity is higher in dys-moder
and amphi-mull of young woodland than in the dys-
moder and amphi-mull forms of old stands (SaLmon
et al. 2008).

An elevated layer of undecomposed litter mass
creates space for movement and provides a source
of prey for predatory species of lithobiid centipedes
(Scueu, Poser 1996). Similar findings are presented
by Davip et al. (1993) from beech stands with in-
creased carbon content. The increase inthe Diplopoda
abundance in the Moder form may be caused by the
onset of fungal decomposers in the organic matter
serving as food (ScHAEFER, SCHAUERMANN 1990).

The Mor form is recorded to have an increased
presence of Lithobius austriacus, L. erythrocephalus,
L. cyrtopus, L. nodulipes, L. pelidnus, Geophilus in-
sculptus and Strigamia acuminata. The common fac-
tor for most of the listed species is their preference to
soils with a thick layer of undecomposed organic mat-
ter with low pH, located in cold mountain and foot-
hill areas (Jarmv 2008, Tur, Turova 2008, Tajovsky,
Wytwer 2009, Poser 1990, BLACKBURN ET 4z 2002,
Tatovsky 2001, Groic, Kos 2005, VOIGTLANDER
2005). Higher abundance of the Chilopoda in the
Mor form with a thicker layer of overlying humus
has been demonstrated by SCHAEFER, SCHAUERMANN
(1990) due to ease movement in corridors formed by
the Lumbricidae and food supply. For the Isopoda,
Davip et al. (1993) have reported a higher representa-
tion in the Moder form, which is not confirmed in the
present study. Our results show higher proportions of
Isopoda in the Mor and Tangle humus forms, where
soil moisture is the limiting factor as demonstrated by
moisture measurements. The Chilopoda are reported
by JaBmv (2008) as occurring in soils with wood de-
caying on the soil surface, suitable microclimate con-
ditions and the occurrence of natural prey.
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Impact of altitude

Comparing the abundance of diplopods, chilopods
and isopods from various altitudes, it is possible
to find some significant differences. Previous stud-
ies (Tasovsky 1997, SteErzvNsKA ef al. 2015) have
demonstrated this for mountain wetlands in relation
to populations of diplopods and isopods. As promi-
nent representatives of the Diplopoda occurring at
high altitudes, we can mention Brachyiulus bag-
nalli, Polydesmus complanatus and P. denticulatus,
which have been recorded in high mountains (Read,
GorovaTcH 1994, SpELDA 1996, Kime, GOLOVATCH
2000, Miknaariova 2000). The total trend can be de-
tected that isopods occur at lower altitudes, chilopods
are frequent in middle altitudes, while diplopods are
adapted to medium and higher altitudes.

Conclusions

According to our results, the soil type, the form of
humus and the altitude are important factors for the
distribution and abundance of epigeic species of
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Centipedes, millipedes, terrestrial isopods
and their relationships to physical and chemical properties
of forest soils

Emanuel Kula & Martin Lazorik

1. Introduction

Kula, E. & Lazorik, M. 2016: Centipedes, millipedes, terrestrial isopods and their
relationships to physical and chemical properties of forest soils. — Entomol.
Fennica 27: 33-51.

The quality of soil environment in forest ecosystems of mountain zones was char-
acterised by skeleton content and particle size as well as soil moisture and chem-
istry and used for deepening the knowledge of ecological requirements of centi-
pedes, millipedes and terrestrial isopods. Soil skeleton and size of the particles
were significant environmental factors, with Lithobius austriacus, Lithobius
erythrocephalus and Lithobius nodulipes preferring stony soils. The isopods
Ligidium hypnorum and Hyloniscus riparius were closely bound to heavy soils
with a high clay content, which was related to increased soil moisture and indica-
tion of waterlogged soils. Soil reaction (pH/KCl) was less associated with the oc-
currence ofthe studied invertebrates. The soils with higher skeleton content and a
favourable moisture regime containing more Ca”" and Mg”" were more attractive
to some centipedes (Strigamia acuminata, Lithobius microps) and isopods
(Trachelipus ratzeburgii, Oniscus asellus, Porcellio scaber).
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vertebrates based on different characteristics of
soil environment (Scheu & Schulz 1996).
To understand the differences in behavior of

Knowledge of interactions between the soil envi-
ronment and soil fauna forms an important back-
ground for objective assessment of other factors
affecting the complex of relationships such as im-
pacts of climate change (Briones et al 1997,
Dollery et al. 2006, David & Handa 2010),
changes in species composition of woody plants
in native stands (Schreiner et al. 2012), differ-
ences in the setting ofravines (Schlaghamersky et
al. 2014) or reforestation of grasslands (Carpen-
ter et al 2012). Earlier observations also suggest
the possibility of occurrence of different soil in-
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invertebrates, it is necessary to know the basic
characteristics of soils in forest ecosystems. Soil
is based on the soil-forming substrate (Bedrna
1977, Némecek et al 1990), which affects
through its quality of the edaphon (Mafan & Kas
1948) that consequently influences the ongoing
soil-forming processes. Soil chemistry affects
weathering of the parent rock, and thus also parti-
cle size and skeleton content. Soil texture is the
most stable characteristic ofthe soil environment,
influencing to a critical extent the porosity, air
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and water regimes, infiltration and humus forma-
tion processes and fertility of soil (Brady & Weil
2008). Knowledge of soil chemistry is a precon-
dition of the possibility to study the manifesta-
tions of soil invertebrates.

Diplopoda and Lumbricidae play an impor-
tant role in transformations of the soil environ-
ment of the ecosystem (Schaefer 1991) and fulfil
the criterion as suitable individual invertebrates
for the bioindication of the soil quality and in this
context of global climate change (Blackburn ez al.
2002, Tuf & Tufova 2008, Dunger & Voigtlinder
2009). Soil properties and their influence on the
distribution and presence of the species of the or-
ders Lithobiomorpha and Geophilomorpha were
studied by Scheu & Poser (1996), Blackburn et
al. (2002) and Jabin (2008). Blackburn et al.
(2002) and Jabin (2008) suggested that assessing
the soil environment using solely the chemical
composition of the soil may not estimate some of
the soil properties correctly. The results so far
show only a minor importance of soil reaction for
Lithobiomorpha, in contrast to soil moisture.
Some partial results defining the relationship of
soil environment and individual centipede, milli-
pede and terrestrial isopod species have been
published but no conclusive data exists so far.

Faunistic data on centipedes, millipedes and
terrestrial isopods of the Moravian-Silesian Be-
skyds were published by Kula ez ai. (2011). This
study aimed at assessing the preferences of soil-
epigeic centipedes, millipedes and terrestrial iso-
pods along the gradients of chemical and physical
properties of soil. The presence of centipedes,
millipedes and terrestrial isopods was monitored
using pitfall traps in 2007-2012 over each year’s
growing season.

2. Materials and methods
2.1. Study area

The sites forming the monitoring grid (38 plots,
Fig. 1) encompass a broad spectrum of meso-
climatic conditions of the massifs of Smrk and
Knéhyné mountains of the Moravian-Silesian
Beskyds (the Czech Republic). They are situated
within the altitudinal range of 540-1,220 m
above the sea level. The climate is characterised
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by average annual precipitation of 690-934 mm
and average annual temperature of 2.6 °C with
the minimum in January (6.1 °C) and maximum
inJuly (11.7 °C), the absolute minimum and max-
imum temperatures being —30.9 °C and 29.5 °C,
respectively (weather station: Lysad hora, 1,323 m
a. s. L.). For other details, see Kula et o/ (2011).

The network of research plots covers an area
of 58 km’, where the distances between the most
remote locations are 8.45 km in east-west direc-
tion and 6.85 km in north-south direction (Fig.
1). The average distance between the plots is 1.2
km. All study sites are located on soils covered
with forests that have been used for forestry for a
long time. Close-to-natural forest management is
realised in the studied territory.

2.2. Collecting the invertebrates

To capture epigeic fauna, five pitfall traps (glass
round-neck-shaped jars with the diameter of 93
mm and overall height of 263 mm), each with
4,000 ml of formaline (4% formaldehyde) as a
fixative solution were set on each study site. The
traps were sheltered with roofs and situated along
a transect with 10 m spacing. The traps were in-
spected every six weeks from 1 April to 30 Octo-
ber in 2007-2012. Mixed samples were formed
by pooling the material from all the five traps at
each site on each of the inspection dates and were
kept in 75% ethanol. In the years 2007-2009, the
invertebrates were determined under the direct
supervision of RNDr. & Mgr. Ivan Hadrian Tuf,
Ph.D. and Mgr. Jana Tufova, Ph.D. (Faculty of
Science, Palacky University Olomouc) while the
material from the years 2010-2013 was deter-
mined by one of the authors (M. L.).

2.3. Soil sampling

A rectangular soil pit was excavated at each site
(August 2009) allowing us to describe the soil
profile, determine the depth of the individual ho-
rizons and carry out the chemical analysis in line
with the Taxonomic Soil Classification System of
the Czech Republic (Némecek ez af. 2001). The
pitmust be deep enough (70 — 120 cm) to uncover
all the soil horizons. The width x length was 70 x
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Fig. 1. Locations of
study sites in the moun-
tains Beskids massifs
in the Spruce and
Knéhyné and along the
river Celadenka. A ring
beside the number rep-
resents the location of
the site. Shown is an
area of 58 km”.
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100 cm, The excavation of the soil pits was per-
formed manually with spades, shovels and pick-
axes. In flat terrains, the back side of the soil pit
was oriented to the north. On the slopes, the back-
side of the pit must be oriented against the slope,
which means that the longitudinal axis of the pit
was perpendicular to the contour. The face, back
side and the two side edges were vertical (perpen-
dicular to the ground of the pit).

To determine the physical properties and
characteristics of water and air regime of the soil,
we collected undisturbed soil samples in the so-
called Kopecky cylinders. The cylinders are
made of stainless steel, capacity of 100 cm’ and
the height of 5 cm (Curlik & Surina 1998, Jandak
2003).

92

2.4. Skeleton content and particle size

Skeleton content was defined as the weight per-
centage of solid particles larger than 2 mm. Soil
samples were taken from each horizon of the soil
pit, the sample specific weight being 500 g. Each
sample was washed through sieves with mesh
sizes gradually decreasing to 2 mm. The skeleton
sample was then dried at 105 °C and weighed.
The weight percentage of the skeleton was deter-
mined as the proportion of dry weight of the skel-
eton and weight of a 500 g sample converted to
dry matter under CSN ISO 11464 (1998).
Particle size was determined by the standard
sedimentation method where each of the fine-
earth fractions was converted to the percentage of
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Table 1. Characterization of study sites. Site numbers refer to those in Fig. 1.

A. Type of top soil layers {horizons A and B) with ionic concentrations (cmol'/kg) and pH.

Site  Soil type Al H ca” Mg”™ K" Na®™ pH/KCI
1 Leptosols 12.40 7.26 248 0.81 14T 0.23 2.80
2 Leptosols 2.61 3.82 11.66 227 1.42 0.10 3.50
3  entic Podzols 263 3.90 1145 1.94 1.72 0.20 347
4 haplic Podzols 7.25 4.85 3.82 0.84 1.04 015 3.02
5  haplic Podzols 2.09 5.02 8.1 1:53 1.87 0.09 3:32
6  Cambisols 111 1.04 24.03 3.08 1.50 0.22 4.29
7  Leptosols 1.64 224 18.16 246 1.46 0.10 3.75
8  haplic Podzols 7.99 8.59 464 0.75 0.86 0.18 2.99
9  Cambisols 10.80 218 1.35 043 0.52 0.09 2.74

10  Leptosols 11.12 2.97 4.62 0.78 0.72 0.12 315

11 Leptosols 9.44 5.20 4.28 0.95 0.87 0.21 2.95

12 entic Podzols 7.40 0.96 5.04 0.71 0.65 0.08 3.31

13 Leptosols 6.98 2.22 1.23 0.49 0.49 0.08 2.78

14 Cambisols 10.08 1.30 447 0.91 0.93 0.10 3.41

15  Leptosols 1.09 047 38.88 14.71 1.04 014 443

16  Leptosols 6.22 6.10 7.89 1.02 145 0.09 3.1

17 Fluvisols 9.24 4.1 445 0.91 1.08 0.10 3.07

18  Fluvisols 13.33 3.98 2T 115 1.16 0.09 313

19  Gleysols 11.89 8.22 3.67 2.05 1.88 0.55 3.08

20 Histosols 0.73 0.1 50.66 4.03 0.19 0.35 5.01

21 Cambisols 247 4.44 17.01 2.34 2.29 012 3.95

22 Cambisols 7.53 11.19 448 0.95 141 012 297

23  Histosols 7.60 1.36 13.27 410 017 0.18 3.77

24 Stagnosols 23.49 347 3.05 1.44 1.70 0.22 3.34

25  entic Podzols 1.76 1.10 18.63 2.59 1.14 015 4.1

26 Leptosols 10.70 4.41 9.50 2.26 0.99 0.18 3.00

27  Cambisols 7.86 1.43 4.88 1.02 0.81 0.07 3.18

28  Cambisols 9.56 1.74 6.28 2.02 0.96 0.09 3.29

29  Leptosols 8.00 4.59 9.01 1.08 0.99 0.09 3.05

30  Cambisols 9.73 5.19 6.93 1.14 1.01 0.09 2.98

31  Cambisols 12.86 2.98 255 0.82 0.75 0.1 2.74

32  Leptosols 7.72 9.03 5.16 1.67 275 0.18 3.14

33  haplic Podzols 12.61 713 307 1.09 1.01 017 2.79

34 haplic Podzols 7.36 5.52 5.26 1.04 145 017 3.00

35  Cambisols 137 1.72 16.67 2.36 1.16 0.08 4.04

36  Cambisols 10.41 4.69 341 1.21 1.39 0.14 3.09

37  Cambisols 9.66 5.27 527 1.20 1.14 0.10 2.87

38  haplic Podzols 8.01 7.92 5.62 115 1.20 0.07 3.12

B. Soil moisture (in soil horizons A and B) (%) and composition (%) as well as altitude {m) and main tree
species {S — Norway spruce; B — beech).

Site Moisture Composition* Alt. Trees
HA HB Clay f.dust g.dust f.sand

1 - - 6.5 74 261 60.0 600 S
2 28.45 2877 1.0 114 26.4 61.2 815 B
3 29.43 31.26 1.9 75 337 56.9 880 B
4 29.09 27.48 36 6.9 391 50.4 890 S
5 25.96 31.08 16.7 15.5 26.8 41.0 850 B
6 29.57 3915 0.0 92 417 491 915 B
7 - - 1.5 101 21.3 67.1 855 B
8 - - 22 58 337 58.3 1,010 S
9 40.87 37.91 24 11.3 223 64.0 1,045 S

10 19.87 23.36 131 171 26.1 43.8 845 S
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Table 1, continued

1 - - 6.0 11.9
12 32.98 32.02 0.8 94
13 29.86 35.47 0.0 9:1
14 24.36 30.14 11.0 253
15 - - 1.9 47
16 20.86 15.30 20.0 222
17 - - 12.2 8.2
18 29.87 2434 7.9 8.0
19 42.53 49.41 220 216
20 48.05 49.34 - -

24 30.77 30.57 18.6 155
22 - - 15:2 17.4
23 49.85 48.69 271 17.0
24 38.17 39.54 1.0 13.9
25 24.75 25.78 04 84
26 29.52 24.59 - -

27 33.52 31.93 8.9 18.4
28 - - 1.2 13.2
29 17.40 21.9 35 12:8
30 - - 49 9.9
31 27.10 29.32 1.5 10.0
32 - - 1.3 8.3
33 33.72 34.32 04 101
34 33.06 34.06 11.6 1.5
35 29.03 2549 12.7 30.6
36 26.61 23.1 16.6 191
37 22.67 21.74 26 114
38 29.76 26.98 20.2 172

37

22.8 59.3 840 S
293 60.6 835 B
16.6 743 850 S
39.8 23.9 830 S
153 78.1 780 S
36.4 213 785 S
16.6 62.9 560 S
153 68.8 610 S
35.1 214 680 S

- - 660 S
245 411 730 B
314 36.0 695 S
201 35.8 530 S
46.4 39.7 540 S
321 591 870 B

- - 825 S
284 443 1,015 B
374 38.2 1,025 B
255 58.3 620 S
231 62.0 630 S
30.1 58.3 1,100 S
12.9 115 1,190 S
16.8 720 1,220 S
16.6 60.3 1,100 S
37.8 18.9 635 B
33.1 314 620 S
15.9 70.4 645 S
231 39.5 635 S

# f.dust: fine dust, g.dust: gross dust, f.sand: fine sand.

the total weight of each sample collected. The
classification scale by Casagrande (1948) was
used for the fractions:

— Clay < 0.002 mm,

— Fine dust (f.dust) 0.002-0.01 mm,
Gross dust (g.dust) 0.01-0.05 mm,
Fine sand (f.sand) 0.05-2 mm.

2.5. Soil moisture

Soil moisture was determined by measuring soil
resistivity athourly intervals using the Virrib sen-
sor that was attached to the Virrib data logger
(Amet Velké Bilovice). The Virrib Sensor has
two concentric rings of stainless steel, connected
to the sensor body. The sensor body is a mechani-
cally fixed mass, which prevents water from pen-
etrating to the electronic part. The diameter of the
outerring is 280 mm and its measuring capacity is
from 15 to 201 of soil. The function of the sensor
is based on the principle of electromagnetic wave
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propagation in the environment. The power sup-
ply of the sensor is 12-20 V from an external
source. The sensor operates on the principle ofthe
current loop, where an electric pulse is sent be-
tween the circles of the sensor at set intervals.
Consequently, the size of the output current is
proportional to the percentage of moisture. Volu-
metric soil moisture is the water content of total
soil volume. At each study site, two Virrib sen-
sors were installed in the middle of the transect
from where the invertebrate samples were col-
lected (by the third pitfall trap); one sensor was
placed in the centre of the top layer of the A hori-
zon and another one in the centre of the organo-
mineral layer of the B horizon. The measuring
range was 5-50% of volumetric soil moisture.
The data were recorded from April 2008 to Octo-
ber 2009.

To classify the levels of soil moisture, the scale by
Kutilek (1971) was used:

— Dry (DryHA, DryHB) < 25%,
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—  Moist MoistHA, MoistHB) 25.1-35%,

— Wet (WetHA, WetHB) 35.1-45%,

— Slush (SlushHA, SlushHB) 45.1-50%,
wherein the target soil layer is identified in the

humus horizon (HA) and in the organo-mine-
ral horizon (HB).

2.6. Exchangeable soil reaction

Exchangeable soil reaction depends on the activ-
ity of aqueous hydrogen ions bound to soil colloi-
dal complex (solid part of the soil). The activity of
hydrogen ions causes alkaline reaction of soil.
Soil reaction strongly influences the process of
formation and development of soil. Exchange-
able soil reaction was measured for each soil pit
and its horizons under laboratory conditions by
potentiometer in a suspension formed of a 1 M of
KCI solution (2.5 parts) and soil (1 part) within
one hour (Zbiral 2002).

2.7. Chemical properties of soil

A subsample of each soil sample was taken from
each soil horizon. After removal of undecom-
posed parts of plant and coarse skeleton, the
sample was turned into a fine fraction by crush-
ing. The sample was sifted using a screen of the
mesh size of 2 mm and analysed as described be-
low.

2.7.1. Exchangeable elements (e)

The chemical analysis determined the concentra-
tion of exchangeable protons H' and Al (by titra-
tion potentiometer) and exchangeable elements
Ca™,Mg”" K" and Na'" in the humus horizon (HA
and HB combined) after extraction by the method
according to Goéhler (Soukup ez al. 1987) and in
the organo-mineral horizon (HA) after extraction
by the method according to Mehlich IIT (Mehlich
1984, Zbiral 1997) under CSN ISO 11260
(1998).

The exchangeable elements present in the soil
environment bound in colloids are easily accessi-
ble to plants and were included as a part of the
analyses in this study: exchangeable hydrogen
proton (eH), exchangeable calcium (eCA), mag-
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nesium (eMg), potassium (eK) and sodium (eNa)
(cmol’ x kg ).

2.7.2. Accessible elements (pa)

Accessible elements form a group of elements
soluble in soil solution, immediately surrounding
the roots of plants and bodies of animals. They
were determined using the Mehlich Il method by
extracting the leachate from the soil solution
(Mehlich 1984). The group includes of accessible
phosphorus oxide (paP), accessible potassium
oxide (paK), accessible calcium oxide (paCa) and
accessible magnesium oxide (paMg) (mg x kg ).

2.7.3. Bound elements (1)

Bound elements are engaged in chemical bonds
and they are hard to be accessed by plants and ani-
mals. Their release often depends on the weather-
ing process. The content of these elements was
determined by the technique of decomposition in
20% HCI. The group consists of bound iron oxide
(tFe), bound aluminium oxide (tAl), bound man-
ganese oxide (tMn), and the content of oxidised
forms of calcium (tCa), bound magnesium oxide
(tMg), bound potassium oxide (tK) and bound
phosphorus oxide (tP) (mg x kg ).

2.8. Data analysis

The correlations of environmental variables were
analysed along with the occurrence of inverte-
brates using redundancy analysis (RDA) or ca-
nonical correspondence analysis (CCA). A suit-
able analysis was selected by Detrended Canoni-
cal Analysis (DCA). The DCA results of eigen-
values formed the basis for determining the use of
RDA or CCA. If all canonical eigenvalues in
DCA are less than 3.0, it is more appropriate to
use RDA, while if they are over 3.0, CCA is more
appropriate. RDA is closely linked to Multi-
variate linear regression, and is used in cases
where a linear relationship is expected whereas
CCA allows nonlinearity. Distances split-plot
and permutation of the Monte Carlo test (999 per-
mutations) for CANOCO were applied in the
CCA or RDA analyses. Data were log(y+1)
transformed and rare species were down
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Table 2. Mean and total number of specimens of different species of Diplopoda, Chilopoda and terrestrial
Isopoda in 38 study sites, and number of sites with specimens.

Species Abbrev. Mean no. Total no. No. of sites
Chilopoda

Cryptops parisi Brolemann, 1920 C_par. 2.1 44 21
Goephilus flavus (DeGeer, 1778) G_fla. 15 32 21
Geophilus insculptus Attems, 1895 G_inst. 1.0 1 1
Lithobius austriacus Verhoeff, 1937 L_aus. 137 123 9
Lithobius biunguiculatus Loksa, 1947 L_biu. 1.0 1 1
Lithobius borealis Meinert, 1868 L_bor. 1.7 7 4
Lithobius burzenlandicus Verhoeff, 1934 L_bur. 1.0 2 2
Lithobius cyrfopus Latzel, 1880 L_cyr. 19.6 747 38
Lithobius erythrocephalus C.L.Koch, 1847 L_eryt. 50.8 1,931 38
Lithobius forficatus Linnaeus, 1758 L_for. 111.0 4,219 38
Lithobius micropodus {Matic, 1868) L_mpod. 20 6 3
Lithobius microps Meinert, 1868 L_mic. 56 186 33
Lithobius mutabilis L.Koch, 1862 L_mut. 99.0 3,761 38
Lithobius nodulipes Latzel, 1880 L_nod. 6.1 158 26
Lithobius pelidnus Haase, 1880 L_pel. 2.0 28 14
Lithobius piceus L.Koch, 1862 L. pie: 1.0 1 1
Lithobius tenebrosus Meinert, 1872 L_ten. 2.8 54 19
Strigamia acuminata {Leach, 1814) S_acu. 59 170 29
Strigamia transsilvanica (Verhoeff, 1928) S_tran. 1.2 5 4
Diplopoda

Brachydesmus superus Latzel, 1884 Br_sup. 1.3 8 6
Brachyiulus bagnalli (Curtis, 1845) Br_bag. 14 7 5
Cylindroiulus nitidus (Verhoeff, 1891) Cy_nit. 15 6 4
Glomeris connexa C.L.Koch, 1847 Gl_con. 253 785 31
Glomeris hexasticha Brandt, 1833 Gl_hex. T3 51 7
Glomeris pustulata Latreille, 1804 Gl_pus. 1.0 1 1
Haasea flavescens (Latzel, 1884) Ha_fla. 6.0 12 2
Julus scandinavius Latzel, 1884 Ju_scan. 2.8 67 24
Julus terrestris Linnaeus, 1761 Ju_terr. 1.7 5 3
Leptoilus trilobatus (Verhoeff, 1894) Le_tri. 8.6 318 37
Ophyiulus pilosus (Newport, 1842) Oph_pil. 28 42 15
Polydesmus complanatus (Linnaeus, 1761) Po_com. 105 379 36
Polydesmus denticulatus C.L.Koch, 1847 Po_den. 3.0 3 1
Polyzonium germanicum Brandt, 1831 Py_germ. 16 8 5
Tachypodoiulus niger {Leach, 1815) Ta_nig. 5.3 179 34
Isopoda

Protracheoniscus politus (C.Koch, 1841) Pr_poli. 383 1,110 29
Hyloniscus riparius (C.Koch, 1838) H_rip. 21.2 170 8
Lepidoniscus minutus (C.Koch, 1838) L_min. 1.0 1 1
Ligidium germanicum Verhoeff, 1901 Li_ger. 1.0 1 1
Ligidium hypnorum (Cuvier, 1792) Li_hyp. 12.7 51 4
Oniscus asellus Linnaeus, 1758 O_asell. 1.0 1 i
Trachelipus ratzeburgii (Brandt, 1833) T_rath. 9.6 163 17
Porcellio scaber Latreille, 1804 Pe_scab. 2.0 6 3

weighted (Ter Braak & Smilauer 2002, Lep§ &
Smilauer 2003).

To assess the significance of the association
of different invertebrates with soil skeleton, the
study localities were divided into two groups.
The first group consisted of locations with high
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skeleton contetnt (>40%, Ske. H.) and the second
group of sites with low skeleton content (<40%,
Ske. L.). Based on the results of DCA and RDA
the relationships between the two groups of the
skeleton content and the occurrence of individual
species were compared.
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Fig. 2. Results of redundancy analysis ordination of invertebrate assemblages with the environmental skeleton
content and particle size of soil. — a. Millipedes. — b. Centipedes. — c. Terrestrial isopods. — d. All species of each
group combined. Abbreviations: Ske. H — skeleton high, Ske. L — skeleton low, f.dust — fine dust, g.dust — gross
dust, f.sand — fine sand. For abbreviations of species, see Table 2.

CCA was used to find the links between the  ables: soil moisture, soil reaction and chemical
occurrence of individual soil arthropod species  properties. For soil reaction, the input data were
and each of the following environmental vari-  split into two categories: pH-katA (soil reaction
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with a value of <3.5 pH/KCI — a very strongly
acidic soil reaction) and pH-katB (soil reaction
with a value of >3.5 pH/KCI — a strongly acidic
soil reaction), while the highest measured pH
reached 5.1 (acidic). The input data of chemical
properties were divided into three groups (ex-
changeable, accessible, bound elements).

The level of significance was set at p < 0.05
for all testing procedures. Statistical analyses
were performed by the STATISTICA Cz soft-
ware, version 9.2 (StatSoft, Inc.).

3. Results

Overall information on the soil properties and
numbers of specimens of different species
trapped in the 38 study sites is provided in Tablel
and 2, respectively.

3.1. Skeleton content and particle size

At 16 sites, soil skeleton content and particle size
were classified to be the major site-specific fac-
tors, meaning that large stones (boulders) were
represented throughout the soil profile, the range
being 44.0% to 64.9% (for the 16 sites, mean +
S.D.: 52.3% + 5.8%). In these sites, individual
boulders protruding above the soil surface
formed barriers for growth of herbaceous vegeta-
tion. The sites were also generally lacking under-
growth, at best, moss and lichen communities
were found on the boulders.

In these sites, mainly terrestrial isopods oc-
curred, representing 97.9% of the dominant spe-
cies; Trachelipus ratzeburgii and Protracheo-
niscus politus demonstrate this finding (Fig. 2¢).
In contrast, the isopods Ligidium hypnorum and
H. riparius showed a positive relationship to the
soils with low skeleton content, colonising partic-
ularly soils with high content of clay particles.
Porcellio scaber and Oniscus asellus were indif-
ferent in relation to these environmental factors
(Fig. 2¢).

Millipedes had a positive correlation with the
factor of lower presence of skeleton and particle
size in the 0.01-0.05 mm fraction (gross dust),
where axis 1 represents 90.4% and axis 2 repre-
sents 97.9% of all cases of occurrence of milli-
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pedes (Fig. 2a). The species Glomeris connexa,
Glomeris pustulata and Cylindroiulus nitidus
were positively correlated to the particle size
fraction 0.01-0.05 mm (gross dust) (Fig. 2a). In
contrast, a portion of the species, dominated by
Leptoiulus trilobatus and Polydesmus complana-
tus, showed a positive relationship to the sites
with a higher share of skeleton and the particle
size fraction of 0.05-2 mm (fine sand).

Chilopods showed a significant correlation
with the factors of coarse dust and fine sand, and
accordingly, their vector forms an acute angle
with the skeleton low vector (Fig. 2b, d). From
this we can conclude that centipedes were more
abundant in the locations with lower content of
the skeleton. The individual species are dispersed
between the Skeleton Low and Skeleton High
vector, of which Lithobius mutabilis has a posi-
tive relationship to the sites with low skeleton
content, while L. erythrocephalus has a positive
relationship to the sites with a higher content of
skeleton (Fig. 2b).

3.2. Moisture

The sites were divided into two groups of which
the one comprising sites with lower volumetric
moisture was found to be predominant, while the
other one consisted of three heavily waterlogged
sites (No. 19, 20 and 23, Table 1B).

Situated in flat terrain and being the richest in
terms of moisture, the site No. 23 showed an aver-
age volumetric moisture (Table 1B) and low inci-
dence of soil arthropod fauna (415 individuals).
At this site, millipedes featured sporadic repre-
sentation in terms of both species and numbers
(27 ind.), with P. complanatus accounting for a
half of them (13 ind.). The highest species diver-
sity occurred in centipedes (16 species), which
was represented by nine species. Of these, L.
mutabilis (42%) and Lithobius forficatus (19%)
prevailed. The relict species, Lithobius biungui-
culatus, was represented by one individual. The
largest numbers were those of Isopoda (279 ind.)
that were represented by only three species, H.
riparius (54%), P. politus (30%) and L. hypno-
rum (16%).

Another site (No. 20), a peat bog, had also a
notable and permanent groundwater level. It was
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Fig. 3. Results of canonical correspondence analysis ordination of invertebrate assemblages with soil moisture. —
a. Millipedes. — b. Centipedes. — c. Terrestrial isopods. — d. All species of each group combined. Abbreviations:
DryHA —dry soil in horizon A, DryHB — dry soil in horizon B, WetHA — wet soil in horizon A, WetHB — wet soil in
horizon B, MoistHA — moisture soil in horizon A, MoistHB — moisture soil in horizon B, SlushHA — slush soil in ho-
rizon A, SlushHB — slush soil in horizon B. For abbreviations of species, see Table 2.

characterised by consistency of the average value
of volumetric soil moisture in both upper (48.05 £
1.01%) and lower (49.34 +0.56%) soil layer and,
just like the site No. 23 above, a low occurrence
of soil arthropods (45 ind.). Millipedes were rep-
resented only by P. complanatus (5 ind.) and cen-
tipedes by six species: L. mutabilis (25 ind.), L.
erythrocephalus (6 ind.), Lithobius cyrtopus (3
ind.), Lithobius tenebrosus (3 ind.), L. forficatus
(3 ind.) and L. microps (1 ind.). Terrestrial
isopods absented here.

In the third site (No. 19) influenced by water,
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the average volumetric moisture reached 42.53 +
2.45% in the upper and 49.41 + 0.21% in the
lower layer of the soil, with occasional drop of the
groundwater level during the summer. The latter
fact was not reflected in rising abundance of indi-
vidual species compared with the above-men-
tioned sites more strongly influenced by water.
The population of millipedes was very low (13
ind.): L. trilobatus (15%), P. complanatus (62%)
and Tachypodoiulus niger (23%). Centipedes
were more numerous (74 ind.): L. mutabilis
(49%), L. erythrocephalus (39%), L. forficatus
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(3%, L. cyrtopus (3%), L. tenebrosus (1%) and
S. acuminata (1%).

For Chilopoda, CCA analysis was applied.
The chilopod vector passes between those of of
moist soil (MoistHA, MoistHB) and wet soil
(WetHA, WetHB) with a slight tendency to the
wet soil (Fig. 3d). This means that centipedes
were associated with sites of moist soil. Between
the WetHA and WetHB vectors, there is a notice-
able difference in moisture, which is related to the
difference in the skeleton content in the soil.

Lithobius erythrocephalus and L. austriacus
(Fig. 3b) are different from the rest of the centi-
pede species due to their association with in-
creased soil moisture in the lower layers and
lower moisture content in the top part of the soil.
Strigamia acuminata is a species that almost fol-
lows the gradient vector of moist soil (MoistHB)
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with higher content of soil moisture in the lower
layers, confirming its ecological niche. Lithobius
biunguiculatus suggests to some extent a bond to
the sites with strong waterlogging and groundwa-
ter level projecting as far as the upper layers of
soil throughout the year. The vector of dry soil
(DryHA, DryHB) lacked any species, which con-
firms the necessity of soil moisture for the success
of centipede representatives in forest soil.

The individual millipede species are so adapt-
able that they clustered into the centre of all the
gradient vectors of CCA, making determination
of any precise correlations impossible. However,
some tendencies are worth of mentioning.
Cylindroiulus nitidus and Ophyiulus pilosus (Fig.
3a) are species tending towards the vector of dry
soil (DryHA), while L. trilobatus, Julus terrestris
and Tachypodoiulus niger rather showed associa-
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tions with the vector of moist soil in the lower lay-
ers (MoistHB). Glomeris hexasticha and Bra-
chyiulus bagnalli had a positive relationship with
moisture in the upper soil layers (Moist HA).
Species recorded at wet sites (WetHB), where
primarily the lower layer of soil was moist, in-
volved Julus scandinavius, G. connexa, G. pustu-
lata, Haasea flavescens and Polydesmus denti-
culatus. Slush sites (WetHA) with water often
rising up to the ground level, were colonised by
Brachydesmus superus and Polyzonium germa-
nicum (Fig. 3a).

For the community ofterrestrial isopods, only
aweak correlation in CCA with the gradient axis
of slush soil (SlushHA, SlushHB) was detected
when taking into account all the species. Ligi-
dium hyprnorum and H. riparius showed positive
correlation with slush soils. In contrast, P. scaber
and O. asellus occurred in dry areas (DryHB),
where drying was extending as far as the lower
soil layer (Fig. 3c). Porcellio scaber (6 ind.) and
O. asellus (1 ind.) were captured at the site no. 29,
which is a dry habitat. Trachelipus ratzeburgii
occurred most frequently at the sites where soil
moisture in the upper layers was low (DryHA).
Protracheoniscus politus and Ligidium germani-
cum were recorded on the wet sites (WetHA,
WetHB) with values of soil moisture very similar
to those measured at the moist sites (MoistHA,
MoistHB).

3.3. Soil reaction

Soil reaction was determined in all thehorizons of
the soil profile down to the parent rock level. The
study sites had very low pH, fully equalling that
of sites in mountainous/sub-mountainous spruce
stands (Table 1A). The average pH/KCI value
reached 3.29 £ 0.46 (min. 2.48 at site No. 1, max.
5.01 at site No. 20). As regards soil reaction and
the presence of individual species, CCA con-
firmed that there were no statistically significant
relationships of the studied invertebrate species
with the range of the observed soil pH values (re-
sults not shown). With generally no relationship
of chilopods to soil pH in this study, we even
found a tendency to a positive one with Lithobius
burzenlandicus and Ligidium germanicum, while
other studies have found, if any, negative rela-
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tionship of chilopods with soil pH (Blackburn ez
al. 2002, Jabin 2008).

3.4. Macroelements in soil

Soil analysis determined the contents of individ-
ual elements and their oxides that are usually im-
portant with respect to flora, while their relation-
ships with fauna are not generally defined. Since
mostly a negative relationship with the content of
individual elements in the soil was determined for
centipedes, millipedes and terrestrial isopods,
which was manifested in a regular distribution of
the individual species with respect to all the ele-
ments monitored, each species was evaluated
separately forits relationship to macroelements in
soil.

Lithobius pelidnus indicated a strong bond to
calcium and magnesium, both the exchangeable
(eCa, eMg, Fig. 4b) and accessible (paCa, paMg,
Fig. 5b) form. The relationship with Mg was even
more distinct in L. microps, which followed the
gradient vector of soil magnesium (Mg) in both
its accessible and exchangeable form (Figs. 4b,
5b). A positive correlation appeared also for Ca
and Mg in five other species of Chilopoda (S.
acuminata, Geophilus flavus, L. biunguiculatus,
L. nodulipes and L. tenebrosus), in four species of
Diplopoda (G. hexasticha, G. pustulata, J. ter-
restris and P. germanicum), and in three species
of Isopoda (O. asellus, P. scaber and T. ratze-
burgii). Interestingly, along with the change in
the forms (exchangeable, accessible, bound) of
oxides of Ca and Mg, there was no change of the
species relationships with those elements. The
chilopods Cryptops parisi and G. flavus, colonis-
ing deeper soil layers, exhibited a correlation with
the content of bound iron (tFe) (Fig. 6b), which,
due to strongly acidic pH, occurred in substantial
quantities (site No. 14; 39,000 mg x kg ' of Fe ox-
ide). Lithobius cyrtopus, L. erythrocephalus, L.
austriacus and Lithobius borealis correlated with
the increased content of accessible, oxidised
phosphorus (paP) in the soil (Fig. 5b).

Although most of the millipede species
showed a negative association to all the elements
monitored, P. denticulatus had a strong positive
association to accessible potassium (paK, Fig. 5a)
and exchangeable sodium (eNa, Fig. 4a). Julus
terrestris and H. flavescens occurred in the soils
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with increased content of exchangeable alu-
minium (eAl) (Fig. 4a), indicating soils with high
contents of clay particles and acidic soil reaction.
The species such as G. connexa, G. hexasticha
and P. germanicum were found in soils with in-
creased content of exchangeable calcium and
magnesium (eCa, eMg) (Fig. 4a), with the maxi-
mum contents of exchangeable calcium and mag-
nesium being recorded at the sites No. 20 (50.66
cmol” x kg ') and No. 1 (14.71 cmol” x kg "), re-
spectively.

Terrestrial isopods were slightly negative in
their relation to the content of potassium, magne-
sium and calcium in all forms, but they showed
more frequent associations with heavy soils of
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acidic reaction and increased content of alu-
minium (eAl). Ligidium hypnorum and H.
riparius were significantly associated with the
content of both exchangeable (eAl, Fig. 4c) and
bound aluminium (tAl, Fig. 6¢). The most fre-
quently occurring isopod species, P. politus, had
a positive relationship with the soils rich in potas-
sium in all forms (eK, paK, tK), indicated by the
fact that the vector spacing distance to the vector
(K) was balanced in all forms of the element
(Figs. 4c, 5c, 6¢). The sites with a high content of
calcium and magnesium supported 7. ratze-
burgii, P. scaber and O. asellus. They occurred
mostly in the presence of exchangeable calcium
and magnesium (eCa, eMg, Fig. 4c) which are
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part of the soil solution on the surface of colloids
and immediately affect the habitat of organisms.
In contrast, L. hypnorum had a negative associa-
tion to the presence of both accessible and ex-
changeable calcium and magnesium (eCa, paCa,
eMg, paMg, Figs. 4c, 5¢) and was indistinctively
positive in its relation to bound potassium (tK,
Fig. 6¢).

4. Discussion

Soil environment as the basis for an ecosystem
has not been comprehensively analysed in terms
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of the relationships between pedological charac-
teristics and epigeic fauna (Schaefer & Schauer-
mann 1990, Scheu & Poser 1996, Blackburn et al.
2002, Scheu & Setild 2002, Jabin 2008). The re-
lationship between the amount of organic matter
and the pH of soil is variable (Salamon et al.
2008, Fierer et al. 2009) and influences the bio-
mass of fungi and bacteria, and thus the food sup-
ply for the consumer level. It has been shown that
Lithobiomorpha (Lithobius crassipes L. Koch
1862, L. mutabilis), according to the content of
fatty acids, are consumers of fungi and also hunt-
ers of springtails and oribatid mites feeding on
fungi (Maraun et al. 2003, Chahartaghi et al.
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2005, Maraun et al. 2011, Ferlian et af. 2012).
The members of Geophilomorpha (S. acuminata,
Geophilus ribauti Brolemann, 1908) prefer bac-
teria eaters (Ferlian et al. 2012).

In order to shed light on relationships between
the soil environment and representatives of
Chilopoda, Diplopoda and [sopoda, a detailed ac-
count of soil variables and abundance of the
above mentioned invertebrates was undertaken in
this study in the area of the mountains of Mora-
vian-Silesian Beskyds. Among the major factors
of soil environment for centipedes, millipedes
and terrestrial isopods are the nutritional compo-
nents of soil-forming processes, soil moisture,
pH, the level of skeleton content as well as the
height of accumulated humus, and soil air con-
tent, of which the two latter ones were not in-
cluded in this study.

4.1. Skeleton content and particle size

Centipedes have been recorded in corridors
formed by members of Lumbricidae or those left
by rotted roots of trees (Albert 1982). Jabin
(2008) mentioned the direct influence of airspace
in soil on the presence of epigeic Lithobiomorpha
and Geophilomorpha. However, soil skeleton
content and particle size have not been studied to
the extent that would allow us to link gained
knowledge to the occurrences of the individual
soil arthropod species. These factors, however,
are significant for changes in soil moisture, air ca-
pacity, soil fertility and associated soil chemistry,
which is related to the content of colloidal solu-
tions. In this study, centipedes, millipedes and
terrestrial isopods were associated with the sites
with increased skeleton content and they were
less abundant on soils with high content of clay
(Fig. 2d). Centipedes do not colonise clayey soils
with reduced interstitial air volume (Attems
1926, Albert 1982). Therefore, it is assumed that
soil aeration is an important factor influencing the
presence of centipedes, millipedes and terrestrial
isopods in the soil profile. Porcellio scaber and
O. asellus were indifferent in their relation to
skeleton content and particle size (Fig. 2¢), which
could be due to the low representation of these
species. Therefore, it was not possible to establish
any indisputable relationships with the individual
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environmental factors. The finest soil particles,
clay, had no connection with the occurrence of
species, which means that centipedes, millipedes
and isopods prefer places with aerated soil pro-
file. However, information on underground spe-
cies would be required.

4.2. Moisture

Moisture is an important soil property for the
distribution of epigeic fauna. For example,
Schlaghamersky et al. (2014) found the greatest
species diversity of centipedes, millipedes and
isopods, in wet sites on the bottom of ravines, i.e.
in the places offering favourable conditions in
winter in addition to other seasons. In accor-
dance, since the mountains of Moravian-Silesian
Beskyds are characterised by high precipitation
(average annual total of >1,200 mm), there were
no sites with a dry soil profile, which contributed
to the wide range of the species caught. Myria-
poda are among the organisms particularly sensi-
tive to drying (Curry 1974, Lewis 1981) due to
the weak epicuticular wax layer on the epidermis
(Blower 1951, Mead-Briggs 1956). Albert
(1983) mentions preference of moist habitats by
myriapods with close to 100% relative humidity,
with Lithobiomorpha preferring relative humid-
ity above 96% (Friind 1987). They are able to find
even a very small soil niche with increased mois-
ture (Weil 1958). Centipedes occur abundantly
on wet soil surface and increase activity in the
rain (Zapparoli 1997). However, they are not al-
ways able to survive periods of flooding (Zerm
1997). According to Cloudsley-Thompson and
Crawford (1970), there is no evidence of centi-
pedes taking up moisture from saturated air.
Overall, centipedes preferred freshly moist
sites (Moist HA, Fig. 3d) with the volumetric
moisture of the soil never decreasing below 25%.
The increased presence of Lithobiomorpha and
Geophilomorpha in moist habitats is related to the
availability of food, because in moist habitats,
molds are more abundant than bacteria due their
better moist resistance (Bardgett et al. 2005,
Gordon et al. 2008). According to Jabin (2008),
S. acuminata, L. mutabilis and L. forficatus show
a greater drought resistance compared to smaller
centipedes, such as L. microps or L. austriacus.
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Brachydesmus superus, P. germanicum and
G. connexa were the diplopod species colonising
sites with waterlogged soil (Fig. 3a). Cylindroi-
ulus nitidus and O. pilosus appeared to be quite
resistant to drying (Fig. 3a). These species were
found on drying soils as well as on the others, be-
cause some species are more drought resistant
than other ones. However, it is not clear how
some species can survive periods of short-term
drought in the course of the growing season.

Terrestrial isopods require moist soil, too
(Vasconcellos et al. 2013). Accordingly, in-
creased numbers of members of this group on
agricultural, all-year-round irrigated soils, were
confirmed by Morén-Rios et al. (2010). In this
study, association to wet soils was found in two
other species, L. Ayprorum and H. riparius that
were closely bound to waterlogged soils (Fig.
3c).

4.3. Soil reaction (pH)

As regards soil reaction, there was no significant
differentiation in respect to the study sites in the
studied species spectrum of Diplopoda, Chilo-
poda and terrestrial Isopoda in this study. Similar
conclusion for chilopods was reached by Jabin
(2008). In general, information on soil arthropods
in relation to soil reaction is not sufficient. How-
ever, Blackburn et af. (2002) found a strong link
of the chilopod Brachygeophilus truncorum
(Bergsoé & Meinert, 1886) to acidic soils. This is
due to the availability of food, i.e. fungi are more
abundant in an acid medium than bacteria (Fran-
cis 1986).

In the study by Scheu and Poser (1996), soil
pH affected the macrofauna near tree trunks, with
the importance of pH decreasing with increasing
distance from the trunks. Increased acidity was
preferred by the centipede S. acuminata, while
the abundance of G. insculptus was reduced in the
same setting (Scheu & Poser 1996). In another
study, the millipede Mycogona germanica
(Verhoeff, 1892) colonised an acidic environ-
ment (Ellenberg et al. 1986). In our study, the
habitat conditions were mainly acidic (pH/KCI
2.74 to 5.01), providing suitable environment for
awide range of centipedes, millipedes and terres-
trial isopods.
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4.4. Soil chemistry

Soil chemistry affects soil-forming processes
and, indirectly, the quality of soil as a source of
food for soil fauna through the development of
microbial activity (Wardle 1992, Blackburn ez af.
2002).

Scheu and Schaefer (1998) found high con-
tents of phosphorus, nitrogen and carbon to be the
limiting factors for soil microorganisms. In-
creased acidification reduces the diversity and
generally increases the abundance of mesofauna
in forest soils through high representation of
some of the dominant species (Hagvar & Kjendal
1981, Hagvar 1984, Baas & Kuiper 1989).

The results of the present study indicate pref-
erence of sites with increased levels of calcium
and magnesium in centipedes, particularly L.
pelidnus and L. biunguiculatus and in the terres-
trial isopods 7. ratzeburgii and O. asellus, in con-
trast to millipedes. This may be related to the
finding that increased calcium and magnesium
contents have a favourable influence on the oc-
currence of arthropods with calcium-based
exoskeletons (Hopkin & Read 1992, Jabin 2008).

The availability of nutrients can be a limiting
factor. Millipedes were found to respond nega-
tively to accessible Ca and Mg (Fig. 5d) in the
proton forms, which are better accessible for
plants than their exchangeable, oxidized forms.
Centipedes showed no associations to the level of
individual elements, except for S. acuminata and
L. microps, the species with a positive link to the
presence of Ca and Mg (Figs. 4b, 5b, 6b). In ter-
restrial isopods, the response was clear with 7.
ratzeburgii, O. asellus and P. scaber having posi-
tive responses to increased content of Ca and Mg
inall forms (Figs. 4c, 5c, 6¢). Ligidium hyprnorum
and H. riparius confirmed the relationship to
heavy soils through their bond to Al and Na (Figs.
4c, 6¢). Protracheoniscus politus preferred the
sites with increased levels of K in all forms (Figs.
4c, Sc, 6¢).

5. Conclusion
The study indicated how millipedes, centipedes

and terrestrial isopods are affected by selected
soil characteristics. Soil skeleton content and par-
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ticle size were indicated as important factors. The
sites with the most boulders on the soil surface
have a favourable hydric regime of soil associ-
ated with high representation of centipedes and
terrestrial isopods. Species like L. austriacus, L.
erythrocephalus and L. nodulipes occurred spe-
cifically in areas with increased content of boul-
ders. Ofthese, L. nodulipes reached increased in-
cidence especially in valleys where mountain
streams expose boulders on the soil surface and
where soil moisture regimes are good. Influence
of soil reaction (pH / KCI) did not show a signifi-
cant trend. The most marked response to nutrient
levels was shown in isopods 7. ratzeburgii, O.
asellus and P. scaber, i.e. in species with a ten-
dency to seek increased content of Ca and Mg.
The isopods L. Aypnorum and H. riparius were
associated to heavy soils with high levels of Al. In
contrast, the chemical composition of soil did not
show a significant link to the occurrence of centi-
pedes and millipedes in the soil environment.

General understanding of the ecological de-
mands of individual centipede, millipede and ter-
restrial isopod species is insufficient, although
with their living habits, they form an important
part of nutrient cycling in the ecosystem. Such
lack of general knowledge disallows any deeper
confrontation of the results of this study with
those of other studies.
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Abstract
Lazorik, M., KuLa, E., 2015. Impact of weather and habitat on the occurrence of centipedes, millipedes and
terrestrial isopods in mountain spruce forests. Folia Oecologica, 42: 103-112.

Microclimatic factors (air temperature, soil temperature and moisture in the Ah and B horizons) were de-
termined using AMET weather stations and VIRRIB sensors on four sites in the Moravian-Silesian Beskids
{Czech Republic) in 2007-2014. Simultaneously, pitfall traps were installed to monitor epigeic activity of
myriapoda (Diplopoda and Chilopoda) and terrestrial isopods (Oniscidea). No statistically significant rela-
tionship was found between the occurrence of epigeic macrofauna and the microclimate of the studied forest
stands. A linear curve was fitted to the data, demonstrating an increase in air temperature by 2.9 °C and a de-
crease in moisture by 4.49% over the eight years of monitoring. In this period, the catch of the studied groups
of macrofauna decreased while the diversity of the monitored communities increased. Increasing temperature
led to the occurrence of synanthropic species Porcellio scaber and the decline of montane centipede species

such as Lithobius tenebrosus and Lithobius borealis.

Keywords

Chilopoda, Diplopoda, forest soil, moisture, Moravian-Silesian Beskids Mts, Oniscidea, temperature

Introduction

In the past few decades, the course of weather has been
regarded as a factor of the environment which is under-
going global change affecting the ecosystems. These
changes are quantified on the basis of direct measure-
ment of climatic factors and indirectly through the
response of fauna and flora. The influence of climate
on soil fauna was monitored through myriapods and
terrestrial isopods, which are known to react sensi-
tively to developing site conditions — both to changes
in temperature and decreasing moisture (AUERBACH,
1949; Frowp, 1987, BLrower, 1951; Lewis, 1981).
The abundance and diversity of edaphic zoocenosis
depends on soil moisture content as affected by thick-

*Corresponding author:
e-mail: kula@mendelu.cz

ness of the surface humus (JaBn, 2008) or by snow
cover depth (TEmPLER et al., 2012). Tt is presumed that
the rising temperature may not only increase the abun-
dance of invertebrates but also extend their distribution
area and the ability to reproduce (RoDENHOUSE et al.,
2009; Lapanyt and Horvara, 2010). The influence of
snow cover on the centipede community in the perma-
frost conditions of the northern parts of the USA was
described by TEmpLER et al. (2012). Myriapods are con-
firmed to have a wide temperature tolerance (0-32 °C)
(PFLEIDERER-GRUBER, 1986), allowing the representa-
tives of centipedeto remain at the temperature —3 °C for
the period of 7 days (Lavy and VerHOEF, 1996). Some
species require low temperature limits to develop larval
stages (between —6 and +3 °C) (Topp, 1994). Low snow
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depth or late arrival of snow cause freezing of the upper
soil layers, which can induce changes in the quantity
of edaphic macrofauna (BaLe and Haywarp, 2010).
Changes in the quantity of edaphic macrofauna may be
related to deviations in the amount of carbon and its
cycle or the nutrient content in forest soils, since the
majority of its representatives significantly contribute
to the decomposition of organic matter (TEMPLER et al.,
2012). Invertebrates increase the degree of decomposi-
tion (SEASTEDT and CROSSLEY, 1983; HATTENSCHWILER
and Gasser, 2005; WaLL et al., 2008; Rourrep et al.,
2010) and mineralisation (VERHOEF and BRUSSAARD,
1990) and stimulate microbial respiration (HanLon and
ANDERSON, 1979; KaNeDA and Kaneko, 2008).

Using long-term measurements of microclimatic
data and simultaneous monitoring of the epigeic part
of soil macrofauna in four sites located in forest stands
with different site conditions, we tested some hypoth-
eses of the effect of weather on soil fauna via statistical
methods.

Questions to be solved: (*) Is it possible to use
the basic linear trend evident from the climatic data for
2007-2014 for simple determination of increase or de-
crease in temperature and moisture in the studied soil
environment?

(*) Is there any correlation between the catch rate
of epigeic macrofauna and the climatic factors?

(*) What impact do climatic factors have on the
course of temperature and moisture in the soil environ-
ment in complex with other factors of the environment?

Material and methods
Study area and sites

In the northeastern part of the Czech Republic in the
Moravian-Silesian Beskids (1,160 km?), permanent
research areas were set up in the Smrk and Knéhyné
massifs and along the Celadenka mountain river. A spe-
cific feature of the area is the homogenous, moderately
rich bedrock consisting of sandstones and slates of the
external flysch and the Magura flysch. On the abnor-
mally thick layer of weathered parent material, there
are soils with a trophic range from oligo-basic (Crypto-
podsols and Podsols) to eu-mesobasic soils (Cambisols,
Ranker) and with a hydric range from soils without
hydromorphic influence to soils permanently affected
by water (Histosol). Steep slopes (14-15° on average)
predominate and the whole area is under the influence
of high precipitation (>1,000 mm). The climate and
the soil types present strongly affect the hydrological
situation of the area (the average outflow rate 20-30
m? s™). The climate is characterised by average annual
precipitation of 690-934 mm, mean annual temperature
of 2.6 °C, temperature minimum in January (-6.1 °C)
and maximum in July (11.7 °C), with absolute tem-
perature minimum —30.9 °C and absolute temperature
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maximum 29.5 °C (Lysa hora weather station of CHMI,
1,323 m asl).

The Pekna forest site  (49°29'01.9''N;
18°21'23.0"'E) is characterised by a two-storey forest
stand, with the upper layer consisting of Norway spruce
of 98 yrs and with 95% canopy closure. The understo-
rey consists of six-year-old beech (80%) and of four-
year-old fir (20%). The studied area is located below a
forest road on a gentle mountain ridge in the central part
of the Smrk massif that reaches the maximum altitude
of 1,276 m asl. The soil environment is characterised
by Haplic Podsols with mor humus form, the height of
the soil profile is 70 cm. The parent rock is flysch fine-
grained muscovite sandstone (Table 1).

The Stolova ridge site (49°30'31.7''N;
18°19'24.3"'E) is located on a steep mountain ridge
above the Korabsky stream, which continues across the
territory of the Mala Stolova mountain (1,009 m asl).
The forest stand consists of 88% spruce with admixed
beech, larch and birch aged 89 with full canopy closure.
The soil environment is characterised by Leptosols with
moder humus form, with the soil profile reaching 80
cm in depth. The parent rock is flysch sandstone with
10-30% of the area covered by boulders forming a talus
field (Table 1).

The Celadenka valley site (49°29'55.2"'N;
18°20'26.1"'E) represents the alluvium of the main
stream “Celadenka”, where the vegetation consists of
single-storey forest stand with spruce aged 70 yrs. The
site gets flooded sporadically, after prolonged rainfall
(2011). The soil is characterised by Fluvisols with
moder humus form, with the soil profile reaching 80 cm
in depth. The parent rock consists of alluvial sediment
currently reaching up to 4 m above the water level in
the stream (Table 1).

The Skalka mound site (49°31'38.5''N;
18°23'12.9"'E) is located on an isolated conical eleva-
tion reaching 613 m asl and situated in the main valley
of the mountain massif. The forest stand is formed of
spruce monoculture aged 95 yrs. The soil environment
is characterised by Leptosols with mor humus form,
with the soil profile reaching 60 cm in depth. The par-
ent rock 1s flysch quartziferous sandstone with 50-70%
of the area covered by boulders forming a talus field
(Table 1).

Sampling of epigeic macrofauna

Epigeic macrofauna was captured using five pitfall
traps per site (4,000 ml glasses, 263 mm height, 93 mm
hole diameter, covered by a tin roof, 4% solution of
formaldehyde) situated in a line within each stand with
10 m spacing. After installation of the traps (1 May),
the catch was monitored at six-week intervals for seven
successive seasons (15 June, 31 July, 15 September and
28 October, from 2007 to 2013). On each of the dates,
a mixed sample was obtained by combining specimen
from all five traps on the site. The sample was preserved
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Table 1. Environmental factors characterising the model sites in 2007-2014

Environmental factor Pékna forest Stolova ridge Celadenka valley Skala mound
Temperature air °e 72 7.9 82 8.6
Temp. max ¢ 30.6 30.4 34.1 32.1
Temp. min °C -21.0 -31.5 -15.9 -17.8
Temp. soil 1 G 6.62 7.07 7.61 823
Temp. soil 1 _max °C 17.1 225 15.8 16.3
Temp. soil 1_min o -14 3.6 -0.4 -0.3
Temp. soil 2 0 6.74 7.06 7.86 8.61
Temp. soil 2_max °C 18.4 16.6 17.0 19.9
Temp. soil 2_min °C 23 3.6 -1.6 2.4
Moisture 1 % 26.85 14.26 26.62 2135
Moisture 1 _max % 381 278 492 36.4
Moisture 1_min % 152 55 12.6 6.1
Moisture 2 % 24.74 20.27 21.16 17.09
Moisture 2_max % 41.7 255 42.6 26.5
Moisture 2_min % 10.6 6.8 129 6.4
Exposition E E NE SE
Depth of sensors HA cm 10 15 12 20
Depth of sensors HB cm 25 40 18 30
Altitude m 880 800 560 600
Type of soil Haplic Podzols Leptosols Fluvisols Leptosols
Skeleton % 292 53.7 11.7 54.6
Trees Norway spruce

in 75% ethanol. Subsequently, it was processed in a
laboratory where the representatives of myriapods and
1sopods were determined to the species level. For the
analysis of the effect of climate, total annual sums of
specimen trapped at each site were used.

Seasonal activity of the myriapoda and terrestri-
al isopod communities was evaluated for each of the
seasons studied. The diversity was expressed by the
Shannon—Weaver index for individual seasonal phases
(spring 1 May—15 June, summer 16 June-31 July, late
summer | August—15 September, autumn 1 October—
31 November).

Microclimatic factors

Air temperature was measured by a PRO V2 tempera-
ture sensor placed under a shade and installed onto a
shaded side of a tree trunk at the height of 2 m above
ground (Fig. 1), at a distance of 20 cm from the trunk.
To measure soil temperature, two sensors were used
which were inserted into the centre of the monitored
soil layer (Ah — horizon 1 and B — horizon 2) after ex-
posing the soil profile. The sensors were covered with
sifted soil to eliminate contact with stones (Fig. 1). The
depth of the individual sensors ranged between 10 and
50 cm. The sensors (air temp., TEPH1, TEPH2) were

connected to a MetoUNI datalogger where the meas-
ured values were recorded at hourly intervals.

Temperature air

Data logger

Soil horizont 1

_~( k VIRRIB senzor

Soil horizont 2

Fig. 1. Technical implementation of installation of AMET
weather station with air temperature, soil temperature and
soil moisture measurement.

Soil moisture was determined by measuring the
resistance of soil by a Virrib sensor (Amet Velké Bi-
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lovice) of the weather station. One moisture sensor was
located in the centre of the organomineral topsoil (Ah
horizon), the other one in the centre of the subsoil layer
(B horizon) (Fig. 1). The measurement allows to deter-
mine the volumetric soil moisture content in the range
5-50%. The values were recorded by the datalogger at
60 minute intervals (4/2007-10/2014). Volumetric soil
moisture represents the ratio between the water content
in soil and the total volume of the measured soil.

Average daily values were determined as arith-
metic averages from a set of 24 measurements over
the course of one day for the measured quantities (air
temp., TEPH1, TEPH2, Moistl, Moist2). From a net-
work of 30 stations, four representative areas were
selected (based on integrity of measurement and site
conditions).

Data analysis

ALA Connect software allowed download of the meas-
ured data from the weather station. Daily averages from
the individual sensors were processed in Excel. Mutual
correlation between the measured temperatures, soil
moisture and capture rate of individual representa-
tives of millipedes, centipedes and terrestrial isopods in
pitfall traps was tested. To determine the trends in the
obtained data, linear regression was used. Statistically
significant similarity of the environmental data with the
occurrence of macrofauna representatives was sought
based on a correlation matrix.

Seasonality of the macrofauna occurrence was
evaluated via one-way anowva based on the degree of
variance. A hypothesis on the inequality of variance in
individual monitored sites was expressed via STATTS-
TICA10.0 software. The Shannon-Weaver diversity in-
dex, calculated for each site and season separately, was
used to describe the population. Due to the statistically
significant variance, a multiple comparison Tukey’s
HSD test of homogenous groups was performed. The
result was estimation of the variability of variance in
individual sites and the differentiation of groups with
different values of soil moisture.

The significance of the individual environmental
factors was compared via principal component analy-
sis (PCA). The basic principle of the analysis is sub-
stitution of the original variables by a set of new (hyp-
othetical) variables summarising variance of the orig-
inal variables. The new variables are called the prin-
cipal components and are a linear combination of the
original variables. The principal components are deter-
mined via sequential search for the highest variability
with the highest explanation of variance. The result of
the PCA is a matrix of covariance coefficients with the
determination of eigenvalues and the associated eigen-
vectors of the matrix (HARUSTIAKOVA et al., 2012). We
have analysed environmental variables associated with
the microclimate of the soil environment (air temp.,
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TEPH1, TEPH2, Moistl, Moist2, exposition, altitude,
ToS, Skel., aspect).

The influence of two sets of variables was tested.
The matrix of independent variables of ecological data
— environmental variables (air temp., TEPH1, TEPH2,
Moistl, Moist2, exposition, altitude, ToS, Skel., as-
pect) and the matrix of dependent variables represented
by species captured in pitfall traps. A canonical cor-
respondence analysis (CCA) was applied which uses
multidimensional regression to determine the linear
combination of variables that best explain the inertia
of the ordination scores obtained from the dependent
variables (Lep§ and Smiauer, 2003). The testing of
hypotheses in CCA was performed using the strength
of the permutation test. The statistics were carried out
in CANOCO for Windows 4.5 software which allows
for the analysis of test strength using the Monte-Carlo
permutation test with 999 repetitions. The test strength
testing with the individual environmental variables was
done using a “forward selection” function, where the
first eigenvalue is compared with the appropriate statis-
tic obtained from random permutations of the data. The
result of the CCA is an ordination diagram in which the
species and samples are indicated by individual points
(HarusTiakOVA et al., 2012).

Abbreviations: Air temp., air temperature meas-
ured at 2 m above the ground; TEPH]I, soil tempera-
ture in the central depth of Ah horizons; TEPH2, soil
temperature in the central depth of B horizons; Moistl,
volumetric soil moisture in the central depth of Ah ho-
rizons; Moist2, volumetric soil moisture in the central
depth of B horizons, Exposition, exposition of the re-
search area; Altitude, height above see level, ToS, type
of soil according to WRB, 2006 (The World Reference
Base for Soil Resources); Skel., percentage content of
soil skeleton in the topsoil with particle size of >2 mm,;
Aspect, seasonal occurrence of the captured species;
SW, Shannon-Weaver diversity index.

Results
Climatic factors 2007-2014

During the reporting period, the mean air temperature
was 7.97 °C, the difference between the lowest and
the highest situated study site being 1.4 °C. The low-
est temperature (—31.5 °C) was measured at the Stolova
ridge site (20 December 2009, 21:00), after previous
eight days of frost with subsequent slight warming.
The highest temperature (34.1 °C) was measured at the
Celadenka valley site (8 August 2013, 14:00) during 10
days of warm weather in late July/early August (Table
1). The soil temperature in topsoil (Ah horizon) did
not fluctuate as widely when compared to air tempera-
ture. The mean soil temperature of 6.62-8.23 °C was
0.6-0.83 °C higher than the average air temperature.
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The lowest temperature in the topsoil was measured
at the Stolova ridge site along with the lowest air tem-
perature. The highest soil temperature (22.5 °C) was
determined at the Stolova ridge site (15 July 2010,
16:00). The mean soil temperature (6.74-8.61 °C) in
the subsoil (B horizon) was higher by 0.12-0.38 °C
when compared to the topsoil (Ah). The lowest tem-
perature ranged between —3.6 and —1.6 °C [Pékna forest
—2.3 °C (8 March 2011), Stolova ridge —3.6 °C (23 Feb-
ruary 2011), Celadenka valley —1.6 °C (8 March 2011)
and Skalka mound —2.4 °C (26 February 2011)]. The
highest temperatures in the subsoil (B) were within the
range of 19.9 and 16.6 °C.

The sites differed significantly by their maxi-
mum values of volumetric soil moisture (27.5-49.2%)
from the measured average volumetric soil moisture
(14.26-26.85%). The highest value was recorded at the
Celadenka valley site (49.2%, 24 June 2014). During
the studied seven-year period, the mean annual air tem-
perature increased by 2.9 °C.

Influence of weather on soil macrofauna

Mutual comparison allowed to calculate a correlation
matrix for the individual sites to define the relationship
between air temperature, soil temperature, soil moisture
and the capture rate of macrofauna in pitfall traps. A
correlation between air and soil temperature was con-
firmed (r = 0.923 to r = 0.991). With increasing tem-
perature, soil moisture decreased. Fitting of the indi-
vidual curves of weather development and capture rate
of macrofauna did not reveal a statistically significant
relationship to the course of temperature. Visual com-
parison revealed a slight similarity in the development
of soil moisture and increase in the occurrence of mac-
rofauna, but with a partial time delay after the period of
increased moisture. Only at the Celadenka valley site,
there was a correlation between the captured macro-
fauna and air temperature (r = 0.437, Table 2) and soil
temperature in the topsoil (Ah) layer (r = 0.416) and the
subsoil (B) layer (r = 0.397).

Seasonality effect

Due to the course of weather throughout the year, when
the changing temperature delineates a curve similar

to a sinusoid, an influence of the seasonal aspect on
the development of soil macrofauna population was
found. The variance of occurrence of a species was
analysed by one-way anova where the hypothesis of
equality of variance in mean values of the basic data-
set was rejected by a test criterion (F = 6.3675 and
p=0.00051, Fig. 2). Using a Tukey’s HSD test of mul-
tiple comparisons, a statistically significant difference
was detected in the Summer set. Species diversity
was determined in parallel (Shannon-Weaver index)
for the population captured in spring (SW = 1.853),
summer (SW = 2.213), late summer (SW = 2.113) and
autumn (SW = 2.156). The highest species diversity
was detected in the summer season.

The effect of environmental variables

The determination of the effect of individual environ-
mental variables was performed via PCA which was ex-
plained using four canonical axes. Based on the fact that
axis 1 explained 79.33% of the variance in the original
data matrix, we can consider only the first component.
Axis 2 explained 8.72% of the variance, followed by
axis 3 with 7.21% and axis 4 with 4.74% of the variance
of the original data. From the values of explained vari-
ance from the correlation matrix it follows that the im-
portant components are altitude (r = 0.389) and type of
soil (r = 0.304). Another significant component was soil
moisture, where the moisture in the subsoil (B horizon)
was more significant (r = 0.229) than in the topsoil (Ah
horizon) (r = 0.153). Soil and air temperature reached
only very low values of explained variance.

The relationship between the representation of
the captured centipede, millipede and terrestrial isopod
species in the samples and the environmental variables
was analysed using canonical correspondence analy-
sis. In the ordination space, the first canonical axis ex-
plained 12.9% of total variability (Fig. 3), which was
statistically significant (F = 2.185, p = 0.001), since the
first axis was very well correlated with the environmen-
tal data (r = 0.829). In our case, the first canonical axis
can be interpreted as a gradient of the site, from eastern
exposition (r = 0.608) with skeleton content (r = 0.457)
and slightly higher air temperature (r = 0.180) to the
site with lower altitude (r = —0.579), more favourable
fluvisol conditions (r =—0.518) and higher soil moisture

Table 2. Correlation coefficients between the environmental factors and the occurrence of macrofauna

Variable P&kna forest Stolova ridge Celadenka valley Skala mound
Temperature —-0.0692 0.1906 0.4372 0.1326
Temp. soil 1 —0.0337 0.2791 0.4159 0.1161
Temp. soil 2 -0.0387 0.3244 0.3968 0.1289
Moisture 1 0.0635 —0.2220 —0.0343 0.0892
Moisture 2 0.0289 —0.1006 —-0.2089 0.0663
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Fig. 2. Significance of congruence of median variance of the basic set of samples expressed via
the seasonal aspect factor.

(r=-0.382). The gradient of the second canonical axis
best characterises correlations with the soil moisture
(r = 0.396) and the type of soil (r = 0.377) variables.
The selected environmental variables explain 22.24%
of the total inertia of species data. The environmental
variables which significantly influence the variability of
animal communities were determined via forward se-
lection. the most significant variables being exposition,
altitude and type of soil while temperature, moisture
and seasonality were of reduced significance (Table 3).

As regards the studied species of the Chilopoda
group. they occur more frequently on sites with low-
er content of skeleton and good hydrologic regime in
medium and higher positions (Fig. 3). As regards the
relation to temperature, Chilopoda are more resistant
to lower temperatures and do not suffer from frost. In

contrast, Diplopoda occurred in medium and lower al-
titudes on soils with higher content of humus and high-
er temperatures as well as with a good hydric regime
(Fig. 3). The Isopoda were more frequent on sites with
southeastern exposure with soil type Leptosols and with
boulders on the surface. This site was characterized by
warm climate but good hydric conditions (Fig. 3).

Discussion
Weather course
Climatic factors were measured under a mature spruce

stand. Therefore. the general patterns of temperature
and moisture course in a forest ecosystem must

Table 3. Environmental variables driving animal communities: percentages of explained variability, significance and inclusion
in manual forward selection (FW). CCA ordination of log-transformed and body size-weighted data

Variable Variability explained (%) F P FW selection
Exposition 18.34 7471 0.001
Altitude 16.91 6.887 0.001 +
Type of soil 15.36 6.254 0.001 +
Skeleton 11.95 4.867 0.001 +
Moist 2 11.82 4812 0.001 +
Temp. air 6.63 2.700 0.001 +
Moist 1 6.09 2482 0.005 +
TEPH2 4.85 1.974 0.008
Aspect 4.81 1.960 0.117
TEPHI 324 1.319 0.197
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Fig. 3. Effectiveness of environmental variables depending on the capture rate, substantiated by canonical correspondence
analysis in the ordinance diagram.

be characterised. Temperature stratification of the
atmosphere in the forest stand changes throughout the
day and the season. Due to the broken surface of the
stand, the effect of air flow is subdued and absorption of
photoactive radiation affects the temperature in the stand
(ARya, 2001). Total moisture of the stand also increases
due to soil moisture as well as moisture released
during transpiration of plants when compared to open
areas (forest-free areas) (HavasHi, 1983; HURTALOVA
et al., 2003). Based on the measured climatic factors,
we can assert an increase of the average temperature
at the local scale by up to 2.9 °C over the period of
seven years, which is in accordance with the generally
reported global trend of warming (WARDLE et al., 2004;
TEMPLER et al., 2012). As expected, when comparing
the air temperature and soil temperature in both soil
horizons, a positive correlation was demonstrated, even
though the amplitude in soil temperature was smaller
than in air temperature. This was the case especially
in winter seasons when the continuous snow layer acts
as thermal insulation. Soil moisture content changed
inversely proportional to the course of air temperature.
Therefore, over the course of the study, an increase in
average air temperature was detected, followed logically
by a decrease in moisture of the soil environment. The
increase in temperature led to a gradual increase in the
occurrence of synanthropic species of soil macrofauna

Porcellio scaber. Porcellio scaber is a species with
wide ecological valence occurring in sites under
anthropogenic influence (Tur and Turova, 2008).
Simultaneously, a decreased occurrence of the species
inhabiting montane and submontane areas (Lithobius
tenebrosus, Lithobius borealis) was observed. Lithobius
tenebrosus has been described as a species associated
with trunks of coniferous trees (SCHATZMANN, 1990;
Tajovsky, 2001; KurLa and Lazorik 2014). Lithobius
borealis is a species typical of montane and submontane
spruce stands linked to tree bark (SumMERS and UETZ,
1979; SPELDA, 1999; BLACKBURN et al., 2002; KuLa
and LAzoRrIK, 2014).

Effects of microclimatic factors on macrofauna

The effects of weather on the occurrence of macrofauna
communities are reported on by AUERBACH (1949, 1951)
and FRUND (1987). Positive relationship to moisture
has been established for representatives of centipedes,
millipedes and especially terrestrial isopods based on
the understanding of their morphology, mainly their
epicuticle structure (LEwis, 1981; HopPkIN and READ,
1992; WIRKNER and Pass, 2002). If the top wax layer
of the epicuticle is noticeably missing (BLOWER, 1951;
MEaD-BRrIGGs, 1956) and the breathing spiracula are
not sufficiently formed, evaporation increases (LEWIS,
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1963; Curry, 1974). Our results are in agreement with
a number of studies which demonstrate a relationship
between invertebrates and sites with increased soil
moisture (ALBERT, 1983; FRUND, 1987; CLOUDSLEY-
TraompsoN and CRAWFORD, 1970; JaBiN, 2008).

For centipedes in the temperate zone, a very wide
temperature valence and tolerance was reported (Ar-
BERT, 1983). Lithobius forficatus showed activity in a
temperature range between 0-32 °C (PFLEIDERER-GRU-
BER, 1986), and even survived frost of -3 °C for one
week without any damage (Lavy and VERHOEE, 1996).
Temperature tolerance is confirmed by results of labo-
ratory breeding (JaBmv, 2008), where the abundance
of centipedes did not correlate with temperature data.
Since no temperature threshold of activity has been
defined for individual centipede species, a sum of ef-
fective temperatures could not be used. Therefore, their
activity was assessed only as a sum of the numbers of
their occurrences at a site in the reference growing sea-
son. The seasonal aspect was observed, which defined
the summer period (June—July) as the most appropriate
for the activity of centipedes, since it also features the
highest rainfall. Extreme temperatures have no effect
on the abundance of macroarthropods (Jasin, 2008).
It was found out that millipedes (Davip et al., 1996),
isopods (Tanaka and Upacawa, 1993) and rove bee-
tles (Topp, 1978) can survive hypothermia at the tem-
perature between —4 and -5 °C. In our study sites, soil
freezing down to a depth of 12 cm was detected only in
2011 when no snow cover formed even at higher eleva-
tions. Therefore, an increased mortality in soil arthro-
pods cannot be ruled out, since snow cover fulfils an
insulating function (BALE, 1991). Certain limited level
of activity of macroarthropods cannot be excluded even
under the snow cover.

To demonstrate the impact of climatic factors, we
used the principal component analysis (PCA), where
the basic environmental factors affecting soil environ-
ment were monitored. Based on a correlation matrix
with verification of the regression analysis test using
the Monte-Carlo test, it was found out that the factor
of the type and location of the soil environment has
a more significant effect than the climatic factors. We
can conclude that microclimatic factors do not have a
statistically significant influence on the distribution of
the individual soil macrofauna species. Exposition, al-
titude, type of soil and soil skeleton content, i.e. factors
determining the quality of the soil were confirmed to
be important factors. It follows from the data that the
occurrence of species is closely related to the quality
of the environment and not to the temperature or mois-
ture. It should be stressed that the presented results are
of a smaller scale 1.e. represent a regional assessment.
At the global scale, significantly higher abundances
were found in warmer areas compared to colder areas
(BLACKBURNN et al., 2002).
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Conclusions

Adirect effect of microclimatic factors of the soil envir-
onment (temperature, moisture) on the dynamics of the
communities of centipedes, millipedes and terrestrial
isopods in mountain spruce forests has not been proven.

Nevertheless, an indirect effect of environmental
factors, such as exposition, altitude and soil skeleton
content was found. An increase in average air
temperature by +2.9 °C and decrease in soil moisture
by —4.49% may be a cause for the decline in montane
and submontane species (Lithobius borealis, Lithobius
tenebrosus) and an increase in the numbers of
synanthropes (Porcellio scaber;, Ophyiulus pilosus)
with wide ecological valence at the expense of relict
species.
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12. Publikace VII. — Nepublikovany rukopis
Centipedes, millipedes and terrestrial isopods as possible bioindicators of forest
sites in the Moravian-Silesian Beskids (Czech Republic)
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*Faculty of Forestry and Wood Technology, Mendel University Brno, Zemé&délska 3,
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Abstract

In forest management, forest typology is often used in long-term planning. Its basic unit
is forest site, which represents a relatively permanent biocoenosis with
phytocoenological similarity. Some animal species respond to changes in the ecosystem
faster than flora and therefore can be used as bioindicators of ecosystem development
and stability.

In the network of 38 localities covering 12 forest site complexes (FSC), occurrence of
millipede, centipede and terrestrial isopods was investigated (a method of pitfall traps,
14.851 ex., 42 species). In order to specify the environmental characteristics, data from
30 weather stations were used, detailed pedological research including soil chemistry
and phytocoenological research were carried out. Obtained data were processed by
MNDS, PCA and CCA analyses. The most significant factors were coverage by
herbaceous vegetation and contents of Ca and Mg in soil. Distribution of the individual
species in relation to different forest site complexes was determined by CCA analysis.
All three studied groups of species, i.e. millipedes, centipedes and terrestrial isopods,
were evaluated as significant for bioindication within the forest ecosystems. Centipedes
and millipedes enabled us to associate each FSC with a specific species. Terrestrial
isopods indicated well the localities with high groundwater level and the process of peat
formation.

Keywords: centipede, millipede, terrestrial isopods, forest site complex, Moravian-
Silesian Beskids Mts.

1. Introduction

Forest typology (Zlatnik 1956, Pliva 1971) is based on recognition of autochthonous
and changed groups of biocoenoses and their development stages including their
environment, biocoenoses developmentally close to each other according to their
phytocoenological similarity. The basis is knowledge of the undergrowth synusia (plant
component) complemented with ecological (habitat) characteristics (Bucek and Lacina
1999). Animals react sensitively to changes in development of ecologic factors in the
ecosystem. For example, Carabidae (Hurka et al. 1996), Staphylinidae (Boha¢ 1988,
1990, Boh4c et al. 2006), Curculionidae (Strejéek 2001, Stejskal 2006), Diptera (Frouz
1999, Povolny and Sustek 1983a, 1983b), Psocoptera (Holusa 2003), Thysanoptera
(Pelikan 1996), Aranea (Buchar 1983) are purposefully used for bioindication in
connection with the soil environment. Similarly, centipedes, millipedes and terrestrial
isopods represent an important component of soil fauna suitable for evaluation of
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biotope quality (Bilton 1996, Paoletti and Hassall 1999, Souty-Grosset et al. 2005,
Tajovsky 2001a, 2001b, Flasarova 2000, Tuf and Laska 2005, Tuf and Tufova 2008).

A general review of the species of centipedes, millipedes and terrestrial isopods
occurring in the studied area of the Moravian-Silesian Beskids is presented in Kula et al.
(2011). These species are closely tied to the soil environment by their vital signs. In
case of centipedes, preference of food — prey (Collembola, Enchytraeidae), which was
dependent on occurrence of fungi (Ferlain et al. 2012) was observed. Abundance of
terrestrial isopods increased on year-round irrigated areas (Mor6n-Rios et al. 2010). In
case of millipedes, there is a significant relationship between nutrients in soil and
microbial activity, macro fauna facilitates mineralization of nutrients and release of
accessible nutrients for plants (Lavelle et al. 1994, Vasconcelos et al. 2013). Humidity
is not the only significant factor influencing density of centipedes, millipedes and
terrestrial isopods in a landscape. Slope inclination (Mudrick et al. 1994), different
chemical properties of soil (Schaefer and Schauermann 1990, Kula and Lazorik 2016),
altitude (Ponge et al. 1997, Tajovsky 1997, Sterzynska et al. 2015) different types of
forest (Kautz and Topp 1998, Scheu et al. 2003) and level of urbanization (Bogy¢ et al.
2015) also contribute to differences in their occurrence.

Our work is based on the classification of forest ecosystems developed by Pliva (1987)
and modified for application by UHUL (2003), which used as a basis for forest
management in the Czech Republic. The basic units of classification are forest sites,
which are grouped into forest site complexes according to an altitude and tree species
representation, soil type and composition of herbaceous cover (undergrowth synusia)
(Viewegh et al. 2003, Viewegh 2004). Based on this classification, basic and long-term
frameworks of forest management with respect to natural processes have been
developed.

The objective of the study was to evaluate differences in composition of communities of
centipedes, millipedes and terrestrial isopods in individual forest site complexes and
their potential usage. A classification unit — forest site complex — is characterized by
climatic, pedologic and altitudinal conditions and by composition of plant community
(Viewegh et al. 2003).

2. Material and methods

2.1. Study area and sites

Permanent research plots (38) were established in forests of the Smrk and Knéhyné
massifs along the mountain river Celadenka in the Moravian-Silesian Beskids Mts.
(1.160 km?) in the northeast part of the Czech Republic. The area is specific by
homogenous medium rich geological subsoil of sandstone and slates of the external and
the Magura flysch. The layer of weathered parent material is considerably thick. From
the pedological perspective, the area is characterized by a trophic range from oligo-
basic soils (Cryptopodzols and Podzols) to eu-mesobasic soils (Cambisol, Rankers) and
with a hydric range from soils without hydromorphic influence to soils permanently
affected by water (Organosols). The area is typical with high annual precipitation sum
(>1,000 mm) that, in synergy with the above mentioned soil types, creates significantly
different hydrological situation (the average outflow rate 20-30 m*s™). The climate is

120



characterized by the average annual precipitation of 690-934 mm, the mean annual
temperature of 2.6 °C with the minimum in January (—6.1 °C) and the maximum in July
(11.7 °C), the absolute temperature minimum (—30.9 °C) and the absolute temperature
maximum (29.5 °C) (Lysa hora weather station, 1,323 m a. s. I.). Significantly inclined
slopes (average 14—15°) are common. Coherent forest complexes cover up to 70% of
the mountain area. Dominant tree species are Norway spruce (Picea abies (L.) Karsten)
covering 76% and European beech (Fagus sylvatica L.) covering 22% of the area;
Silver fir (Abies alba Mill.) shows low representation of 1% and Sycamore maple (Acer
pseudoplatanus L.), Silver birch (Betula pendula Roth) and European larch (Larix
decidua Mill.) are interspersed.

2.2. Sampling of epigeic macrofauna

In order to catch epigeic fauna the method of pitfall traps was used. At each research
area, five 4,000 ml jars were placed (glass round-neck-shaped jars with the diameter of
90 mm and the active perimeter for trapping of 283 mm) containing 4% solution of
formaldehyde. The whole pitfall trap was buried so that the top edge of the neck was
level with the terrain and it was covered with a tin roof (200 x 200 mm) blocking dirt
and rainfall. The pitfall traps were set up at the beginning of the vegetation period (1
May) linearly through the middle of the forest with ten meter spacing and subsequently
checked in six-week intervals until the end of the vegetation period (30" October) in the
years 200-2014. During each check-up, a mixed sample was created of all insects found
in the five traps and preserved in 75% ethanol. In the laboratory, the sample was
separated into systematic groups and the species were determined. In the years 2007
and 2008, Chilopoda, Diplopoda and terrestrial Isopoda were determined by Ing. Martin
Lazorik with professional assistance of RNDr. Mgr. Ivan Hadrian Tuf, Ph.D. and Mgr.
Jana Tufova, Ph.D. from the Palacky University in Olomouc. The rest of the samples
(2009-2013) were determined by M. Lazorik with necessary consultations.
Nomenclature of the determined species was modified according to Tuf, Tajovsky
(2016) and Tajovsky, Tuf (2016).

2.3. Environmental data

In order to determine the basic environmental variables used for characteristics of forest
communities (Forest site complex — FSC), it was necessary to obtain climatic,
pedological and phytocoenological data from the studied research areas. Climatic data
are from automatic microclimatic stations MeteoUNI (30 pcs) with temperature sensors
and soil moisture sensors VIRRIB. Weather stations were mounted on trees in the
middle of the line of pitfall traps. Each station measured air temperature (2 m above
ground), soil temperature in the A horizon and the B horizon and soil moisture in the A
horizon as well as in the B horizon at 60 min intervals (Lazorik and Kula 2015).

The A horizon is the topmost mineral horizon, often referred to as the ‘topsoil’. This
layer generally contains enough partially decomposed (humified) organic matter to give
the soil a colour darker than that of the lower horizons. The B horizons form below an
A horizon and they have undergone sufficient changes during soil genesis, such that the
properties of their original parent material are no longer discernible. The B horizon is

121



commonly referred to as the "subsoil”. In humid regions, B horizons are the layers of
maximum accumulation of materials such as silicate clays, iron (Fe) and aluminium
(Al) oxides, and organic material.

Weather stations were in operation during the whole research period (4/2007 —
20/2015). The pedological research was carried out in the year 2010. A soil pit was
excavated at each locality in order to determine the type of soil; at the same time, soil
samples were collected from the individual horizons for laboratory analyses (Mehlich
I11). Complete phytocoenological research (species spectrum and coverage of
undergrowth synusia) of all localities was performed in 2011.

Explanation of abbreviations: Abund — abundance, Year — year of sampling, Alti —
altitude, Expo — exposition, SI_inc — slope incline, Skel — skeleton content, FSC — forest
site complex, FVZ — forest vegetation zone, ToS — type of soil, Hum_F — humus form,
TEMP.Air — air temperature 2 m above ground, TEMP.Soil — soil temperature in the A
horzion, Moist.Soil — soil moisture in the A horizon, pH/KCI — soil reaction determined
in KCI solution, (eAl, eH, eCa, eMg, eK, eNa) — content of exchangeable elements in
soil, Mn — content of manganese oxide in soil, C — carbon content, N — nitrogen
content, C/N — ratio of carbon content and nitrogen content, cov_tree — coverage of
trees, cov_herb — coverage of herbs, Vac.myrt — coverage of Vaccinium myrtilus,
Cala.aru — coverage of Calamagrostis arundinacea, Dry.expa — coverage of Dryopteris
expansa, Spruce — coverage of Picea abies, Beech — coverage of Fagus sylvatica.

2.4. Characteristics of forest site complexes

Due to the extensity and complexity of forest site complexes (FSC) characteristics, only
the FSC occurring at the research localities on the territory of the Moravian-Silesian
Beskids were described. Individual FSC are characterized by undergrowth synusia
(herbaceous layer) and tree species representation (Viewegh et al. 2003). The total
captured population was spread in 12 groups of forest site complexes. Further, we added
possible threats to stability of the studied ecosystems, which may also influence the
animals (Table 1).
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Tab. 1: Characteristics of the selected forest site complexes

FSC Name Tatin name Natural tree species| Target tree species AEjor herhal sped es Distribution Factor threat
spruce 70 %, beech Gahum rotundifolium, Ca]arrnagrosnsr Hams:.slope; ravines;
Mutrient- Fagetum 50 % larchi0 % arundinacea, Luzula luzuloides, Oxalis on various rocks, often
45 medium 9 - beech 80 %, silver y ’ acetosella, Dentana bulbifera, Poa with weak day overlays: |insignificant
mesotrophicum db+ admix., - . - .
Beech d+admix nemoralis, Epilobium montanum, Polytnchum |higher uplands,
/ . formosum, Viola reichenbachiana highlands
Inupper parts as wellas
in bases of slopes. .. AP
. silver fir 50 %, . Athyrium filix femina, Maianthemum bifolium, |mostly fresh ravines. Slgmﬁcarltl}’b} mfld
Nutrient- spruce 70 %, silver N . and snow (Norway
. Abieto-Fagetum beech 50 %, N Milium effusum, Avenella flexuosa Pleurozium | altematively mountain- . ) .
58 medium Fir- fir 10 %, beech 20 . ; spruce); mediumby
mesotrophicum sycamore R schreberi, Polytrichum formosum, Prenanthes|tdges: various sub-soil e
Beech %, larch+admix. weed (impossibility of
maple+admix. purpurea. of poor rocks; area of natural refuvenation)
highlands and lower o
mountain areas
Nutrient- Luzula luzuloides, Calamagrostis Upper and lower parts
ium Piceeto-Fagetum | =PMCE 30 %, spruce 70 %, silver |arundinacea, Luzula pilosa, Calamagrostis of slopes; ndges and  |Medium by weed,
68 9 beech 40 %, silver |fir 20 %, beech 10 |ullosa, Maianthemum bifolium, Melica hollows; highlands and |significantly by wind
Spruce- mesotrophicum . .
Beech fir 30 % %, larch+admix. nutans, Plagiomnium affine, Hieracium mountain areas; various |and shnow
murorum, Vaccinium myrtillus. sub-soils
Maianthemum bifolium, Calamagrostis villosa |Mostly on slopes. less
Mutrient- spruce 70 %, spruce 80 %, silver [Polytrichum formosum, Avenella flexuosa, on plains: in mountain Medium by weed
medium Fageto-Piceetum |beech 20 %, silver (fir 10 %, beech 10  |Dryopteris dilatata Senecio nemorensis, areas, exceptionally also | . . .
7S . . significantly by wind
Beech- mesotrophicum fir 10 %, sycamore|%, sycamore Festuca altissima Vaccinium myrtillus, in the highest and ice
Spruce maple+admix. maple+admix. Luzula sylvatica, Gentiana asclepiadea, highlands: on vatous
Huperzia selago. sub-soils
beech 60 %,
sessile scots pine 70 % Awenella flexuosa, Luzula luzuloides, Oxalis Overpressed only
Skeletal oak(stunted) 20 %, P : . : exceptionally atuplands |Strongly by erosion,
4Y Fagetum saxatile beech 30 %, spruce |acetosella, Mycelis muralis, Veronica ..
Beech silver fir 10 %, and at sunny slopes of |significently by weed
+ admix. officinalis. .
(scots pine, silver highlands
birch)10 %
beech 70 %, silver Calamagrostis arundinacea, Luzula In highlands, foothills
luzuloides, Averella flexuosa, Oxalis 5 , .
Skeletal Fir- |Abieto-Fagetum fir 20 %, silver spruce 50 %, beech acetose(la' Dicranum sco an'um Poa dso in lowermountan |Strongly by erosion,
5Y - o-Tag birch 10 %, scots |30 %, silver fir 10 %, ’ . panum, locations on boulder,  [medumby snow, mildly
Beech saxatile X X nemoralis, Dryopteris carthusiana, N .
pine+admix., silver birch 10 % N N mubble slopes. rock rock by soil degradation
spruce+admix Polytrichum formosum, Dryopteris dilatata, Turps and on ridges
) Rubus fruticosus agg., Vaccinium myrtillus.
beech 50 %, silver . Hedera helix, Poa nemoralis, Hordelymus Alluviallevees of
fir 30 %, sycamore|spruce 50 %, silver 5
Stony- N europaeus, Rubus hittus, Melica unifiora, mountain areas (foods
maple 20 %, fir 10 %, beech 20 . L .
colluvial Acereto-Fagetum Rubus idaeus, Mercurialis perennis, Senecio |fom spiing snow Strongly by erosion,
5A smooth %, sycamore maple 5 . )
Sycamore- |lapidosum . ovatus, Oxalis acetosella, Stachys sylvatica, |melting and summer significantly by weed
elm+admix., 10 %, smooth elm .
Beech Actea spicata, Symphytum tuberosum, doudbursts) and spring
european 10 %. . .
R Dentara glandulosa, Urtica dicica. with flowing water
ash+admix.
speckled alder 80
%, spruce 20 %, Mentha longifolia, Petasites albus, Myosotis | highlands and lower
. sycamore speckled alder 80 %, |palustris, Stellaria nemorum, Ranunculus mountain locations; on By periodic floods,
Maontane Fraxineto-Alnetum . y . . A .
5L maple+admix. spruce 20 %, silver [flammula, Aconitum variegatum, Ranunculus |rich and medivmrich erosion, strongly by
Ash-Alder |montanum - N . ; . X - . .
(niZ5i polohy red  |fir+admix. platanifolius, Circaea alpina, Ranunculus sub-soil; slopes, ridges, |snow, ice, weed
alder+admix., repens, Stachys sylvatica. ravines
‘european ash+)
beech 60 %, silver |spruce 70 %, silver |Impatiens nolitangere, Carex sylatica Shadowy rocky slopes Stightly by wind
Abieto-Fagetum fir 40 %, sycamore (fir 10 %, beech 10 |Maianthemum bifolium, Dentaria bulbifera, and ridges in areas of ‘ghtly by win .
Slope-stony X . o (blowdowns). medium by|
5F . lapidosum maple+admix., %, sycamore maple |Dentaria glandulosa, Polygonatum highlands; vallev slopes
Fir-Beech . - . X I snow (breaks) and weed.
mesotrophicum smooth 10 %, smooth verticillatum, Dryopteris carthusiana, Rubus  |and ravines in higher sienificantly by erosion
elm+admix. elm+admix. hirtus, Dryopteris filix mas, Senecio ovatus  |uplands e Y
Petasites albus, Carex sylvatica, Rubus
60, s s 10, s (3145 DTl S g, vt rin [y et
Nutrient-rich [Abieto-Fagetum fir 40 %, sycamore|fir 10 %, beech 20 ylios, y Oca_tmnsan ower) (h_ owdowns and breaks),
5B X . X Dryopteris filix mas, Senecio nemorensis, basis of slopes and wind blowdowns.
Fir-Beech  |eutrophicum maple+admix_, %, sycamore . . .
spruce-+admix maple-+admix Festuca altissima, Solidago virgaurea, plains: overlays ofclay |(disproportion of crown
; ) Galeobdolon Iuteum, Urtica dioica, Galium on various sub-soils and roots)
odoratum, Vinca minor
Calamagrostis arundinacea, Homogyne Fromhighlands to
Nutrient- Piceeto-Abietum  |beech 20 %, silver |spruce 70 %, silver :gﬁs;ﬂvgg:s:;iug:séagsl?gzsm;rzehs fonLth]ls aﬂld moum:n S.n’m.lgl'\'- bi"-,‘;njld: .
60 medium variohumidum fri 50 %, spruce 30|fri 30 %, v e p 1Y are.as= m.ls ope.”n S cam. ¥ By snow,
Spruce-Fir |mesotrophicum % beech+admix muralis, Dryoptens dilatata, Pleurozium plains with vanous waterlogging. grassy
) schreberi, Soldanella montana, Vaccinium (most often)rich sub-  |weed
myrtillus. soils
In mountains and
Impatiens noli tangere, Calamagrostis vllosa, |, . . Strongly by
highlands (700 — 1150 m . .
Mutrient- . spruce 100 %, Luzula pilosa, Caltha palustris Luzula ) . |watedogging. wind.
Piceetum turfosum spruce100 %, abovethe sealevel)in .
B0O/R  |medium . silver fri+admix_, N sylvatica, Vignea remota Lycopodium . mediumto strongly by
mesotrophicum . alderfir-admix. . . . flat ravines and . Lo
Peat Spruce alder+admix. annotinum, Circaea alpina, Dicranum . weed, ice, mediumby
scoparium Equisetum syhaticum lowdands. on spring 4
P 4 ¥ slopes and slope breaks SHOW
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2.5. Statistical analysis

For the purpose of statistical processing, data obtained by field research were input into
a database in a matrix shape of independent variables (environmental data) and a matrix
of dependent variables (representation of captured species). Firstly, basic data were
tested for statistical processing, mean values of variance and outliers were determined.
Considering the high number of environmental factors, the objective was to determine
those factors that influence the dependent variables with sufficient power (weight). This
was used for decision about significance of environmental factors in the follow-up
analyses. Non-metric multidimensional scaling (NMDS) according to NCSS 10 Trial 7
day Version software was used as a basic statistical analysis. Basic trends and gradients,
along which the determinative variability is concentrated, were searched by the NMDS
analysis (Harustiakova et al. 2012). A number of ordination axes was determined,
explaining at least 70% of the variability of environmental variables. The minimal stress
value in NMDS and also the minimal changes of stress between the relationships were
set to 0.00001. Only the first three axes (dimensions) were used. Subsequently, using
the principal component analysis (PCA), a correlation coefficient matrix of important
environmental factors was generated.

During testing of influence of two sets of variables, data in the matrix of independent
environmental variables (e.g. cov_herb, EMG, ECA, FSC, Cala.aru, Skel, Sl _inc, FVZ,
Expo) and in the matrix of dependent variables are confronted. The canonical
correspondence analysis (CCA) was applied, which uses multidimensional regression in
order to determine the linear combination of variables, which best explains inertia of the
ordination score obtained from dependent variables. Power of a permutation test was
used in order to test hypotheses in CCA. The statistics itself was realized by the
software CANOCO for Windows 4.5, which offers an option of test power analysis
using the Monte-Carlo permutation test with 999 permutations (Lep$ and Smilauer,
2003). The function “forward selection” was used in order to test power of the test in
individual environmental variables, where the first eigenvalue is compared with
corresponding statistics obtained from random data permutations. The results of CCA is
an ordination diagram, in which species as well as samples are represented by points.
The final objective of the analysis was to determine the variance of the trapped species
according to the forest site complex in which they were found. Since the factor of the
forest site complex was classified as significant by the previously applied methods of
multidimensional comparison, single-factor ANOVA was used for the stated hypothesis
about inequality of variance of individual measured localities in the software
STATISTICA 10.0. Considering statistically significant variance, multiple comparison
by the Tuckey HSD test of homogenous groups was carried out and subsequently also
comparison of the level of significance. The result was a comparison of the variability
of variance in the individual FSC and determination of the statistically significant FSC.

2.6. Indicator value

In order to determine indicator values for individual species of centipedes, millipedes
and terrestrial isopods, the method IndVal (Indicator value) according to Dufrene et
Legendre (1997) was used. This method is based on combination of relative abundance
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of individual species with relative frequencies of occurrence at different sites. The index
reaches its maximum (100%) when all individuals of a given species occur at all sites
with a specific forest site complex. The indicator value is calculated as a combination of
specificity A;; with the level of fidelity Bj;.

IndVaIij = Ain Bij x 100
Ajj = Nindividuals;; / Nindividuals;

where Nindividuals;j is an average number of individuals of a species i from all areas of
FSC j, while Nindividuals; is a sum of average quantities of individuals of the species
i at all FSC.

Bi; = Nsites;; / Nsites;

where Nsites;; is a number of areas of FSC j, in which a species is present, while Nsites;
is the total number of areas of FSC.

3. Results

3.1. Importance of environmental variables

In order to explain similarity of environmental variables, the non-metric
multidimensional scaling (NMDS) was used. The aim of the analysis was to find such
meaningful dimensions that would allow us to explain similarity between the objects.
Gradients enabling to delimit arrangement of a major part of the environmental
variables were found. The analysis gives evidence of the fact that environmental
variables are not arranged completely randomly but they are structured in space
according to certain gradients with various levels of significance (Cumulative
percentage). Many factors concurrently influence the arrangement of environmental
factors. Therefore, further gradients are not results of definite influence of separate
variables but of whole groups of variables, often acting in synergy at random. 74.26%
of variability arrangement is ordered according to eight axes (Table 2). Generally,
objects cannot be ordered so that in the reduced area, the distances between them would
be the same as the summed values of distance (dissimilarity). Therefore a rate is
introduced, which, as a simple number, expresses how well explained is the value of
objects in the reduced area. The rate is called “stress function” and in our dimensions it
is set by the span 0.44-0.12 (Table 3). The result of the analysis was also comparison of
dissimilarity of the studied environmental factors. The highest similarity exists between
TEMP_Air and TEMP_Soil (f = 0.111) and the least similar were Spruce and Beech (f
=1.937), which is well visible on the spatial arrangement (Table 4).
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Tab. 2: Values of the Classical Multidimensional Scaling (CMDS) for determination of
significance of the number of dimensions.

Multidimensional Scaling Report

Eigenvalue Section

1
2
3 (Used)
4

0 N o O»

Total

Individual Cumulative
Dim No. Eigenvalue percent percent

6.16
4.61
4.22
3.34
2.44
2.06
1.52
1.48

34.77

17.71 17.71
13.26 30.97
12.15 43.12
9.59 52.71
7.00 59.71
5.93 65.65
4.37 70.01
4.25 74.26

Bar
Chart

Tab. 3: Determination of the level of significance of stress (goodness-of-fit), where the
value of stress <0.05 is acceptable and the value <0.01 is considered as good.

Non-Metric Iteration Summary Section

No. Percent

Rank
Dim's

Maintained  Stress
0.443486 Stress Change
0.276950 Stress Change
0.185327 Stress Change
0.122428 Stress Change

51.19
51.19
51.83
49.44

A WO DN

Why

Terminated

Bar Chart

of Stress
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Tab. 4: Determination of the level of residues highlighting real and forecasted
differences of the model.

Dissimilarity Section

Actual Predicted
Row Column Dissimilarity Dissimilarity
10
9 TEP_Air TEP_Soil 0.111561 0.010591
20C 21N 0.320896 0.027195
12 pH_KCI 15eCa 0.397849 0.030277
13 eAl 15eCa 1.820711 0.317562
24
23 cov_tree cov_herb 1.900272 0.341405
35 Spruce 36 Beech 1.937213 0.355146
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It is possible to explain distribution of environmental variables in a reduced area only to
some extent. Therefore, three gradient axes were selected, by which the environmental
variables are defined. Axis 1 (Dim 1) explains 17.71% of variability. We can
characterize it as a gradient of spruce forests in higher altitudes with occurrence of
Vaccinium myrtilus, with higher content of aluminium oxide and higher herbaceous
coverage. The value of the gradient decreases towards beech forests with dense canopy
of tree layer with occurrence of Luzula luzuloides and Calamagrostis arundinacea.
Generally, it is possible to state that Dim 1 represents a gradient of phytocoenological
composition of a forest stand and herbaceous layer (Fig. 1).

Axis 2 (Dim 2) appears to be a gradient of the soil environment where height of surface
humus is important, which is linked to the occurrence of Sphagnum sp. and the soil type
Histosols. 13.36% of variability is explained by this gradient. Soil moisture with higher
content of accessible Ca and with more alkaline pH/KCL is also important. In contrast
to that, the gradient decreases at soils with higher content of skeleton and with worse
temperature and moisture regime (Fig. 2). Axis 3 (Dim 3) explains a gradient of soil
nutrition, where the main indicator is the content of carbon and nitrogen in soil. The
gradient increases from lower activity of soil biota to higher activity. This axis explains
12.15% of variables, giving the activity of soil biota important position within the forest
ecosystem. The assumption is significant position in the food chain, where microflora
community is a basic element, from which the whole coenosis of the ecosystem is
derived.
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MDS Map Dim2 vs Dim1
0,2 4
® Hum_F
® ToS
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® Mois_Soil
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0,2

Fig. 1: Ordination diagram of environmental variables - comparison of Dim1 vs. Dim2,
where Dim1 represent the dimension of tree species (transition from beech to spruce)
and Dim2 quality of soil.
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MDS Map Dim3 vs Dim1
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Fig. 2: Ordination diagram explaining the change of the forest site complex (Dim1), soil
nutrition and chemistry of soil (Dim3).
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MDS Map Dim3 vs Dim2
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Fig. 3: Ordination diagram of the relationship between soil quality (Dim2) and soil
nutrition (Dim3).

3.2. Selection of main components of the final model

Based on the information obtained by the NMDS analysis, relationships between the
environmental characteristics and the occurrence of millipedes, centipedes and
terrestrial isopods were tested by the principal component analysis (PCA). All of the
monitored environmental characteristics in which we assume a link to size of population
and their mutual interaction were tested. The final order of correlation coefficients was
determined based on the first two axes (SPEC AXIS 1, SPEC AXIS 2), which explain
the total of 81.01% of all variables (AXIS1 = 55.15%, AXIS2 = 25.86%) from the total
eigenvalue 0.932 (Table 5). From the set of environmental characteristics, 9 main
components were chosen (Expo., Sl _inc., Skel., FSC, FVZ, ECA, EMG, cov_herb,
Cala.aru), which were used for further evaluation.

130



Tab. 5: Correlation matrix of selected environmental variables tested by the principal
component analysis PCA.
***% Correlation matrix ****
SPEC AX1 SPEC AX2 SPEC AX3 SPEC AX4

Abund -0.4796 0.6950 -0.0543 0.0105
Year 0.3487 -0.3427 0.1707 0.4878
Alti -0.3870 -0.0737 0.1047 0.0290
Expo 0.6762 0.2597 0.1064 -0.0027
Sl _inc 0.5023 0.2708 0.3078 0.0238
Skel 0.4890 0.1124 0.3576 -0.0124
FSC -0.6096 -0.2161 -0.2352 0.0203
Fvz -0.3646 -0.0099 -0.0145 0.0408
ToS -0.1902 -0.1994 0.4321 -0.0127
Hum_F -0.1617 -0.2352 0.3063 -0.0170
TEMP.Air -0.2687 -0.3701 0.0762 -0.0428
TEMP.Soil  -0.2664 -0.3696 0.0859 -0.0432
Moist.Soil -0.2718 -0.3417 0.1287 -0.0268
pH/KCI 0.3960 0.1104 0.3891 -0.0292
eAl -0.4147 -0.1197 -0.1851 0.0266
eH -0.4148 -0.0291 -0.3658 0.0171
eCa 0.4552 0.1594 0.3963 -0.0229
eMg 0.4597 0.1432 0.3647 -0.0257
eK 0.2716 0.0320 0.0447 -0.0286
eNa -0.1852 -0.0721 0.2927 -0.0273
Mn 0.1345 -0.0189 0.4870 -0.0341
C 0.0606 0.1128 -0.1993 -0.0088
N -0.0250 0.0472 -0.1757 -0.0146
C/N 0.2329 0.1597 -0.1121 -0.0170
cov_tree 0.0273 -0.0349 0.4140 -0.0056
cov_herb 0.5477 0.2694 -0.1490 0.0009
Vac.myrt -0.3252 0.0756 -0.0998 0.0271
Cala.aru 0.6286 0.3095 -0.0850 0.0035
Dry.expa -0.1360 -0.0881 0.0815 0.0244
Spruce -0.3646 -0.0657 -0.3574 0.0279
Beech 0.1396 -0.0717 0.3529 -0.0360
axis 1 axis 2 axis 3 axis 4 Total
Eigenvalues 0,514 0,241 0,103 0,074 0,932
% Variables 55,15 25,86 11,06 7,93 100

3.3. Effect of environmental gradient on millipedes, centipedes a terrestrial isopods

Indirect coordination of types of input data evaluated by the correspondence analysis
generated an ordination diagram with data points representing occurrence of species
allocated in the whole spectrum of forest site complexes. It indicates that there is a
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significant presumption of different species composition in individual forest site
complexes (Fig. 4). First two ordination axes explained 63.28% of the final species data.
Tab. 6: Environmental variables millipedes, centipedes and terrestrial isopods:
percentages of explained variability, significance and inclusion in manual forward
selection (FW) CCA ordination.

i Variabilit FW
Variable explained (g;o) F P selection As a result of the direct
cov_herb 17,03 7614 0,002 + gradient analysis of
eMg 16,73 7,478 0,002 + environmental variables data
eCa 15,37 6,871 0,002 + by the Canonical
FSC 10,86 4,855 0,002 + Correspondence Analysis, the
Cala.aru 10,23 4,573 0,002 + first canonical axis was
Skel 9,47 4232 0002 + formed explaining 45.74% of
Sl_inc 8,32 3718 0,002 + the total variability. This high
FVZ 8,14 3640 0,002 + share on explanation was
Expo 3,85 1,719 0,010 strongly statistically

significant (F = 5.326, p = 0.001). The first canonical axis was well correlated with
environmental data (r = 0.561), especially values of variables such as herbaceous
coverage, content of ECA, EMG, but above all with the forest site complex variable.
Environmental variables significantly involved in the structure of animal communities
were determined by the “forward selection” where the most important variable was
herbaceous coverage, content of calcium and magnesium and a gradient of forest site
complex (Tab. 6).

Fig. 4: CCA ordination of localities and environmental variables tested on centipedes
community.
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3.4. Distribution of millipedes, centipedes and terrestrial isopods in forest site
complexes

The total captured population was spread in 12 groups of forest site complexes. Based
on the previous analyses it was demonstrated that the FSC factor is sufficiently
statistically significant. Thus the objective was to determine the potential of the
individual species to characterize individual FSC. ANOVA was used to determine the
variance of individual species of the centipede group in the specific FSC. Statistically
significant variance was confirmed for Lithobius erythrocephalus (F = 1.83; p = 0.04),
for which the forest site complex 4S (Nutrient-medium Beech) is typical. Another
indicator species is Lithodius forficatus, which demonstrated significant variance not
only for FSC 6S (Nutrient-medium Spruce-Beech), but the results of multiple
comparison link it also to 4S (Nutrient-medium Beech) and 5S (Nutrient-medium Fir-
Beech), forming a relatively homogenous group of multiple comparison. Also the
species Lithobius mutabilis occurred more frequently at localities with the forest site
complex 6S (Nutrient-medium Spruce-Beech) (Tab. 7). As for the representatives of
millipedes, Glomerata connexa was significant in FSC 5B (Nutrient-rich Fir-Beech) and
Polydesmus complanatus in FSC 7S (Nutrient-medium Beech-Spruce). From the
terrestrial isopods, statistically significant share of Protracheoniscus politus was found
in 5Y (Skeletal Fir-Beech) and in 5A (Stony-colluvial Sycamore-Beech).
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Tab. 7. ANOVA significance variances of species abundance in relation to forest site
complex with multiple comparison.

One-way ANOVA Tukey HSD
Species Number variance F p | factor FSC p
Chilpoda
Cryptops parisi Brolemann, 1920 61 0.100  0.739 0.640
Geophilus flavus (DeGeer, 1778) 36 0.087 0.419 0.897
Lithobius austriacus Verhoeff, 1937 128 17.096 1.291 0.288
Lithobius borealis Meinert, 1868 10 0321 1.285 0.420
Lithobius cyrtopus Latzel, 1880 850 3.817 1.622 0.089
Lithobius erythrocephalus C. L. Koch, 1847 2088  13.897 1.839 0.044 4S 0.04137
Lithobius forficatus Linnaeus, 1758 4428 206.52 17.332 0.000 6S 0.00001
Lithobius microps Meinert, 1868 191 1.038 1.083 0.382
Lithobius mutabilis L. Koch, 1862 3996 50.162 3.470 0.000 6S 0.02531
Lithobius nodulipes Latzel, 1880 176 1.140 1.539 0.142
Lithobius pelidnus Haase, 1880 31 0.246  0.640 0.745
Lithobius tenebrosus Meinert, 1872 57 5438 3.674 0.005 5S 0.01445
Strigamia acuminata (Leach, 1815) 196 0.707  1.240 0.270
Diplpoda
Brachydesmus superus Latzel, 1884 11 0.039 0.318 0.856
Brachyiulus bagnalli (Curtis, 1845) 11 0.139 0.822 0473
Glomeris connexa C. L. Koch, 1847 908 68.488 5.776 0.000 6S 0.00002
Glomeris hexasticha Brandt, 1833 54 6.377 0.602 0.666
Julus scandinavius Latzel, 1884 81 0.225 1.241 0.286
Leptoiulus trilobatus (Verfoeff, 1894) 403 3.873 1591 0.103
Polydesmus complanatus (Linnaeus, 1761) 472 2397 2920 0.001 5B 0.00123
Polyzonium germanicum Brandt, 1837 13 0.151 0.909 0.440
Isopoda
Hyloniscus riparius (C. Koch, 1838) 199 104.97 0.922 0.492
Ligidium hypnorum (Cuvier, 1792) 51 47.066 0.674 0.603
Protracheoniscus politus (C. Koch, 1841) 1258  175.13 4.259 0.000 5Y 0.00774
Trachelipus ratzeburgii (Brandt, 1833) 205 12.046 1515 0.166

This method ignores total variability of population and focuses only on the size of
variance, which highlights the importance of the mean value only in case that there is a
sufficient number of individuals of the same species occurring at the same locality.
Therefore, it was necessary to carry out an analysis based on multiple regression, which
reveals trends in data. The matrix of independent variables X (forest site complex) and
the matrix of dependent variables Y (representation of species in samples) were subject
to the canonical correspondence analysis CCA. For better readability, the results were
divided into three ordination diagrams according to the individual groups of species. In
the group of millipedes, 48.96% of variability was explained by the first ordination axis
and 29.69% by the second ordination axis. We can interpret the result through the first
canonical axis as a gradient from 6S (Nutrient-medium Spruce-Beech) /r = - 0.275/ up
to 5Y (Skeletal Fir-Beech) /r = 0.303/. Gradient of the second canonical axis is the best
characterized by the forest site complex 5A (Stony-colluvial Sycamore-Beech) /r = -
0.171/ up to 60 (Nutrient-medium Spruce-Fir). Compared to that, species Glomerata
connexa and Brachyiulus bagnalli had increased occurrence in localities with the forest
site complex 5A (Stony-colluvial Sycamore-Beech) and 5B (Nutrient-rich Fir-Beech).
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In the centipede group, 40% of the variability was explained by the first canonical axis
and 23.53% by the second canonical axis. The total gradient is identical with the group
of millipedes. Representation of the individual species in the ordination diagram implies
that the population is evenly distributed over all localities. Species with high abundance
Lithobius forficatus, Lithobius erythrocephalus, Lithobius mutabilis and Lithobius
cyrtopus occur close to the vector centre which is caused by their frequent occurrence.
Each species is characterized by linearity with different forest site complexes, which is
a premise of their possible bioindication usage in specific conditions. Significant is also
the species Lithobius nodulipes, inclining by its occurrence to 5A (Stony-colluvial
Sycamore-Beech) found mostly in mountain ravines and near watercourses. Lithobius
austriacus confirms occurrence on strongly bouldery soils 5Y (Skeletal Fir-Beech).

For evaluation of the group of terrestrial isopods, the CCA method was also used,
resulting in the diagram explaining 61.70% of variability by the first axis and 35.26% of
variability by the second axis, which confirms the significant weight of the test. The
most abundant species Protracheoniscus politus occurred most often in the forest site
complex 7S (Nutrient-medium Beech-Spruce). These are the most elevated localities
with good hydric regime and medium rich soil nutrition. Other significant species such
as Ligidium hypnorum and Hyloniscus riparius were concentrated in the localities with
the forest site complex 60/R (Nutrient-medium Peat Spruce), which is permanently
affected by water (Fig. 5).
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Fig. 5: CCA ordination of significance of terrestrial isopods in relation to occurrence in
FSC.
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Fig. 6: CCA ordination of significance of centipedes in relation to occurrence in FSC.
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Fig. 7: CCA ordination of significance of millipedes in relation to occurrence in FSC.

3.5 Indicator value

Considering the previous method based on species dominance it was necessary to
extend knowledge of the species occurring frequently but bound to a specific biotope by
their occurrence. Therefore, the method IndVal was used, which evaluates the overall
representation of a species in biotopes. The basic criterion for selection of a
bioindicating species is its sufficiently frequent occurrence with a rather rare
representation in the given biotope. The most significant bioindicating species was
Lithobius nodulipes in the biotope FSC 5L (Montane Ash-Alder). This species was
distributed over ten biotopes with the total number of 176 ex., but with the most
significant indicating value in 5L (Tab. 8). Another significant species was Lithobius
pelidnus with the indicating value in the biotope FSC 5Y (Skeletal Fir-Beech).
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Tab. 8: Indicating value of different species with different forest site complex.
Percentage of the indicator values for each species and forest site complex. Ecolog.

class. — ecological classification for species (Tuf et Tufova, 2008).

Forest site complex

Species ecolog.
class. 4S 4Y B5A 5B 5F 5L 55 5Y 60 60/R 6S 7S

Chilpoda
Cryptops parisi Brolemann, 1920 A 9,2 08 64 7,7 10,3 19,0 152 1,7
Geophilus flavus (De Geer, 1778) E 11 98 24 122 29,3 4.3 2,4 98 49
Geophilus alpinus Meinert, 1870 A 16,7
Lithobius austriacus Verhoeff, 1937 A 43 31 238 06 25 01
Lithobius biunguiculatus Loksa, 1947 R 375 4,2
Lithobius borealis Meinert, 1868 A 8,0 2,3 182 5,0
Lithobius burzenlandicus Verhoeff, 1934 R 22,2 5,6
Lithobius cyrtopus Latzel, 1880 R 88 54 80 50 131 95 72 113 33 21 10,8 154
Lithobius erythrocephalus C. L. Koch, 1847 E 119 76 69 72 103 45 90 150 7,9 25 87 86
Lithobius forficatus Linnaeus, 1758 E 135 56 54 79 110 36 144 49 05 12 249 7,0
Lithobius micropodus (Matic, 1980) A 6,0 15 243
Lithobius microps Meinert, 1868 E 100 47 28 71 63 79 51 53 189 6,3 55 12,6
Lithobius mutabilis L. Koch, 1862 E 101 15 82 149 85 50 10,7 58 7,7 42 151 8.2
Lithobius nodulipes Latzel, 1880 R 85 142 28 175 299 34 68 17 1,7 45
Lithobius pelidnus Haase, 1880 R 18 84 47 05 126 0,2 28,0 6,3 09 6,3
Lithobius piceus L. Koch, 1862 A 50,0
Lithobius tenebrosus Meinert, 1872 A 49 28 21 52 83 40 147 14 42 09 249
Strigamia acuminata (Leach, 1815) E 0,7 19,3 20,4 12,9 48 10,7 10,2 1,6 20 16 8,0
Strigamia transsilvanica (Verhoeff, 1928) A 40 159 18 14,0
Diplpoda
Brachydesmus superus Latzel, 1884 E 6,8 91 13,7 15 137
Brachyiulus bagnalli (Curtis, 1845) A 6,8 8,0 48,5
Glomeris connexa C. L. Koch, 1847 A 39 2,7 221 144 67 17 63 64 14 1,1 23,1
Glomeris hexasticha Brandt, 1833 A 1,7 29 14,2 2,6 91
Glomeris klugii Brandt, 1833 A 222 5,6
Glomeris pustulata Latreille, 1804 A 16,7
Haasea flavescens (Latzrl, 1884) R 293 6,0
Julus scandinavius Latzel, 1884 E 156 83 05 10 166 24 37 83 21 2,1 144
Leptoiulus trilobatus (Verfoeff, 1894) A 42 73 115 100 132 09 97 88 32 09 161 132
Polydesmus complanatus (Linnaeus, 1761) E 48 86 04 53 13 95 93 70 76 79 139 237
Polydesmus denticulatus C. L. Koch, 1847 E 50,0
Polyzonium germanicum Brandt, 1837 A 10,0 15,0 20,0
Isopoda
Hyloniscus riparius C. L. Koch, 1844 E 41 01 06 11 0,5 434 0,1
Ligidium germanicum Verhoeff, 1901 R 33,3
Ligidium hypnorum (Cuvier, 1792) E 0,4 05 20 46,3
Lepidoniscus minutus (C. L. Koch, 1838) A 33,3
Oniscus asellus Linnaeus, 1758 E 100
Porcellio scaber Latreille, 1804 E 89,7 2,1 0,3
Protracheoniscus politus (C. Koch, 1841) A 65 92 288 64 39 10 05 234 10 58 20 0.2
Trachelipus ratzeburgii (Brandt, 1833) A 17 570 17 02 42 05 10 186 0,6
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4. Discussion

This study confirms that it is possible to use representatives of epigeic fauna of
millipedes, centipedes and terrestrial isopods to bioindicate relatively permanent forest
ecosystems. Some authors suggest comparable differences in population composition of
epigeic animals in relation to site (Scheu et al. 2003, Grgic and Kos 2005, Jabin 2008,
Golovatch and Kime 2009, StaSiov et al. 2012, Bogy¢ et al. 2015, Sterzynska et al.
2015). Usage of representatives of millipedes, centipedes and terrestrial isopods groups
seems to be particularly significant because they have close ties with soil, herbaceous
cover as well as tree coenosis due to their ecology. We confirmed this also via the
correlation matrix of significance (Table 5), where coverage of the herbaceous layer and
the tree layer represent a significant factor. This is related to quality of the environment
under vegetation, such as litter layer and associated nutrition supply (Jabin 2008,
Ferlian et al. 2012), humidity and associated microclimate (Tajovsky 1997, Grgic and
Kos 2005, Sterzynska et al. 2015). During multidimensional scaling, two main
directions of distribution of the explained variables were found, where the first axis of
the dimension is determined by quality of the herbal environment and the second
dimension by quality of the soil environment. These two dimensions are closely related
and thus we can assume that in case of change of the herbaceous environment, change
in the soil environment will occur. These results are in consent with the reports of
changes after removal of coverage by deforestation (Scheu et al. 2003, Magura et al.
2015), alternatively by civilisation pressure (Bogyo et al. 2015). Occurrence of plants in
association with wood species is interesting. Beech forests are characteristic by
occurrence of Luzula luzuloides and Spruce forests by representation of Vaccinium
myrtillus and Calamagrostis arundinacea. Kula and Lazorik (2015) pointed out
differences in composition of millipede, centipede and terrestrial isopod communities in
Beech and Spruce stands. The canonical correspondence analysis was applied to
evaluate distribution of individual species of the community, which uses
multidimensional regression in order to determine linear combination of variables,
which in the best way explain inertia of ordination scores obtained from dependent
variables. From the overall perspective, results are significant and distributed individual
species over all forest site complexes. In case of millipedes, several species are
concentrated around the vectors 5Y and 4S, which indicates medium rich to poor soils
with higher skeleton content but with good hydric regime. Polydesmus denticulatus was
an interesting species that almost exclusively occurred in the highest localities 7S with
prevailing higher air humidity. These localities are characteristic by occurrence of
strong layer of non-decomposed organic matter with presence of Vaccinium myrtillus
prolonged snow cover. Tajovsky (1997) found this species in the subalpine range in the
Hruby Jesenik Mts. in the altitude 1.230 — 1.290 m a.s.l. StaSiov et al. (2012) state it
under (Alnus incana (L.) Moench), which is a tree species of moist mountain ravines.
Reaction of Glomeris connexa is also interesting, as it inclines to the vectors 5A and 5B,
which are medium altitudes with rich nutritious soil and sufficient moisture close to
mountain streams and valleys. Polyzonium germanicum is a characteristic species that
demonstrated inclination to occurrence at the forest site complex 5L (Montane Ash-
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Alder) with occurrence of Alnus incana. These localities are characteristic by spring
flooding from melting snow and summer cloudbursts. Sterzynska et al. (2015) report the
same results in their work, where 35 individuals were caught by fall traps in medium
altitudes with Caltho-Alnetum azonal forest stand with natural hydric regime. Increased
occurrence was also observed in a waterlogged alder stand in Biatowieza Primeval
Forest in Poland (Tajovsky and Witwer 2009).

The centipede group shows wide occurrence in all vectors representing forest site
complexes. This is a sign of great potential of using these species as bioindicators of
specific natural conditions. From the most often occurring species, Lithobius forficatus
inclines to the forest site complex 5L (Montane Ash-Alder), which represents montane
floodplain. Furthermore, Lithobius erythrocephalus, linearity of which corresponds with
the vector 5Y (Skeletal Fir-Beech) and Lithobius mutabilis has the value close to the
vector 5B (Nutrient-rich Fir-Beech), which represents the richest natural site with
optimal hydric and nutrition regime within the studied area. Compared to that, Lithobius
austriacus is closely bound to occurrence of boulders and skeleton, with acid soil
reaction and susceptibility to desiccation. There is interesting occurrence of the species
Lithobius microps, which was found in the localities 60 (Nutrient-medium Spruce-Fir)
and 60/R (Nutrient-medium Peat Spruce) with higher moisture content and starting peat
formation processes. The terrestrial isopods group is more comprehensive due to lower
number of species and at many localities it is missing. The most significant
bioindication potential is in species Hyloniscus riparius and Ligidium hypnorum, which
are closely linked to the forest site complex 60/R (Nutrient-medium Peat Spruce).
Protracheoniscus politus, which belongs to eurytopic species with wider ecologic
valence (Tuf and Tufova 2008), occurred in all forest site complexes with inclination to
the vector 5A - Stony-colluvial Sycamore-Beech, where it was found even in the
highest altitudes. These results are confirmed by Sterzynska et al. (2015), where
occurrence of Protracheoniscus politus correlated neither with groundwater level nor
with altitude. Trachelipus ratzeburgii avoided waterlogged peat localities and its most
frequent occurrence was in the forest site complexes 4Y (Skeletal Beech) and 5Y
(Skeletal Fir-Beech). These localities are strongly threatened by erosion and they suffer
from significant soil degradation, they are mildly desiccadet soil (Pliva 1978). Oniscus
asellus belongs to species with low abundance, only one individual was trapped in 4Y
(Skeletal Beech). Another species is Porcellio scaber, of which 12 ex. were caught and
the highest number occurred in 4Y but also in 5F (Slope-stony Fir-Beech), which is
significantly threatened by erosion. A significant species with bioindicating value was
Lithobius nodulipes, which was bound to the biotope 5L (Montane Ash—Alder). This
species belongs to relict representatives living in the Southeast Europe (Dobroruka
1959, Folkmanova et al. 1955). It proved to be indication-significant in the biotope of
mountain streams and springs in the studied area, which corresponds with the data from
Spitzer et al. (2007). It was also found in Spruce forests of the top parts of the Sumava
Mits. (Tajovsky 2001c). Lithobius pelidnus belongs to the species with the indication
value in FSC 5Y (Skeletal Fir-Beech). It is a rarely found centipede in foothill and
mountain locations of the Central Europe (Laska 2004, Tuf and Tufova 2008). It likes to
stay on tree trunks and branches with rugged bark, where it was found in the winter and

140



also during the vegetation period (Summers and Uetz 1979, Spitzer et al. 2010, Kula
and Lazorik 2014). The results imply significant potential of using individual species of
millipedes, centipedes and terrestrial isopods for bioindication of relatively permanent
forest ecosystems. Recent publications focus on the issue of population dynamics of
these species (Bogyo et al. 2015, Sterzynska et al. 2015, Magura et al. 2015, Kula and
Lazorik 2015) and research of the impact of global changes. Realization of field
research is difficult and thus some of the site conditions were not included such as
localities with occurrence of soils on limestone. Considering the results obtained by the
PCA, contents of Ca, Mg clearly are very significant factors. Therefore, it is necessary
to study the population dynamics and composition of species on limestone localities
with similar climatic characteristics. Considering that climatic factors (air temperature
and soil temperature) are insignificant for distribution of millipedes, centipedes and
terrestrial isopods (Jabin 2008, Lazorik and Kula 2015), it is necessary to focus on
selection of localities according to altitude (Sterzynska et al. 2015) and tree species
composition (StaSiov et al. 2012, Kula and Lazorik 2015), in order to obtain comparable
data. After obtaining sufficient knowledge about distribution of individual species it
will be possible to use the structure of the coenosis in forest management for selection
of optimal tree species composition. Since the reaction of edaphic fauna to ecosystem
changes is faster than reaction of undergrowth, it is possible to use it for bioindication
of site conditions.
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13. Zavér

SloZeni populace

Na zaklad¢ dlouhodobého pozorovani cenéz Myriapoda a Isopoda byl sestaven
faunisticky ptehled zjisténych druhti. Z uskute¢néného porovnani vyplynulo rozsifeni
faunistickych poznatkti 0 dva druhy stonozek (Lithobius biunguiculatus, Lithobius
pelidnus) pro oblast Moravsko-Slezskych Beskyd. Byly popsany zastupci mnohonozek
a suchozemskych stejnonozcu, o kterych nebyly publikovany zadné ucelené poznatky
z oblasti Moravsko-Slezskych Beskyd. I kdyz se jedna pouze o regionalni nalezy je
mozné je povazovat za rozSifujici a vyznamné dopliiujici poznani epigeické ptdni fauny
v Beskydech. Z pohledu poétu odchycenych jedinct (14 851 ex.) a délky realizovaného
vyzkumu (2007-2014) mizeme ziskany vyb&rovy soubor populace povazovat za

dostate¢n¢ prukazni.

Vliv smrkovych a bukovych porosti

Z porovnani relativné podobnych porostnich stanovist’ s rozdilnou dievinou skladbou
matefského porostu vyplynuly rozdily, i kdyZ jejich vyznam neni faktorem ohranicujici
roz$iteni jednotlivych druhli. Byla potvrzena preference bukovych porostl zastupci
mnohonozek a suchozemskych stejnonozct, ktefi jsou vazani na kvalitnéj$i opad a
vném se rozvijejici houbové a bakteridlni organizmy. Stonozky jako predatofi se
vyskytovaly spiSe ve smrkovych porostech, i kdyz bukovy porost rovnéz poskytuje
dostatek potravy. Fauna stonozek, mnohonozek a stejnonozci piedstavuje vhodnou
bioindikaéni skupinu druhti mirné preferujici bukové porosty, coZ miize mit vyznam i

pro sledovani zdravotniho stavu porostii v dusledku globéalni zmény klimatu.

Arborikolni druhy

ekologické poznatky o nekterych zéastupcich ptidni fauny, kteti ve vegetatnim obdobi
vystupovali na kmeny stromu a vétve. Na rozdil od existujiciho zdivodnéni piitomnosti
zastupct pudni fauny na stromech (zimovani, zaplavy) lze ve vegeta¢nim obdobi jejich
vyskyt dat do souvislosti s aktivnim hledanim potravy. U preda¢ni slozky nelze vyloucit
aktivni podil na ochrané lesa pfed Sktdci. Arborikolni projevy byly vyznamné

zaznamenany u druhu Lithobius pelidnus, Lithobius borealis a Lithobius cyrtopus.

Klimatické faktory prostiedi

Klima neovlivnilo zdsadné velikost a diverzitu fauny Myriapoda a Isopoda.
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Sezonni dynamika této fauny se vyznacCuje narustem populace v jarnim kulminaci
Vv letnim obdobi, s navazujicim podzimnim poklesem. V populaci nenastaly vyrazngjsi
zmény Vv jednotlivych letech. Stfiddni mirnych, vlhkych let s teplymi, suchymi roky
ovlivnilo popula¢ni dynamiku poklesem velikosti odchytu populaci v jednotlivych
letech. V duslednu oteplovani byl v letech 2007-2014 zaznamenan narust teploty
vzduchu o +2,9 °C a soubézn¢ migrace stonozek Lithobius tenebrosus a Lithobius
borealis do vyssich poloh a vyskyt synantropniho stejnonozce Porcellio scaber

Z niz§ich poloh.

Pidni prostiredi

Bylo potvrzeno, ze pidni prostfedi jako celek je hlavnim komponentem ovliviiujicim
rozsifeni, velikost a diverzitu populace. Analyzou vlivu jednotlivych slozek ptdniho
prostfedi byla prokazana dil¢i diference konkrétnich druhii. Zastupce stejnonozcii
Trachelipus ratzeburgii, ktery jako druh vyhledavajici vlhka stanovisté trvale osidloval
lokality se souborem lesnich typli 4Y, coZz jsou skeletova stanovi$té nachylna na
vysychani. Pida s bylinnym a dfevinnym porostem je klicova k rozsifeni sledované
epigeické fauny predevsim jako zdroj dostupné potravy ve vegetacni dobé. Byl potvzen
vyznam obsahu vapniku a hoi¢iku v pud€. Absence typicky véapennych stanovist
neumoznila porovnat velikost a diverzitu populaci v podobnych klimatickych
podminkach na vapencich, kde lze ocekéavat nartist abundance a diverzity populace a

profilaci kalcifilnich zastupcii podobné jak v rostlinném spolecenstvu.

Moznost uziti stonoZek, mnohonoZek a stejnonoZcu jako bioindikatoru prostiedi
Posouzenim vSech dostupnych environmentalnich preménych byly stanoveny dvé
dimenze posouzeni vlivu prostfedi na dynamiku populace vybrané piadni fauny. Prvni
dimenze ptfedstavuje ptdu jako celek, ktery obklopuje zkoumané druhy, poskytuje jim
zivotni prostor. Druhd dimenze pfedstavuje vegetaci rostouci na stanovisti a pfispivajici
k tvorbé opadu (potravy).

Bioindikacny schopnost byla statisticky prokdzana u né€kolika druhi. Jak tomu byvé u
vétSiny populaci, ne kazdy druh je indikdtorem prostiedi, ve kterém Zije. Proto se i
v naSem vyzkumu vyskytovali druhy spiSe eurytopni, které se dokdzi pfizpusobit
ménicim se pfirodnim podminkam. Avsak byly nalezeny druhy, které jsou vazany na
konkrétny ptirodni podminky a prokazaly svou bioindikacni schopnost. Vyznamnym

druhem byl Polydesmus denticulatus, ktery se vyskytoval ve vysSich polohach se
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smrkovym porostem na stanovisti SLT 7S s pfevahou vyssi vzdusné vihkosti, vysokou
sné¢hovou pokryvkou a podrostem Vaccinium myrthilus. Vzacnym druhem byl
Polyzonium germanicum, ktery prokazal naklonnost k vyskytu na SLT 5L - horska
jasanova ol$ina s vyskytem Alnus incana. Na stanovistich s vysokym podilem balvanu
v pudé byl vyznamnym druhem Lithobius austriacus, ktery odolaval i kratkodobym
obdobim vysychani pudy. DalSim vyznamnym druhem byl Lithobius pelidnus
s preferenci SLT 5Y - skeletova jedlova bucina, jedna se o vzacnou stonozku
vyskytujici se v podhorskych a horskych oblastech. Také byl u ni potvrzen arborikolni
vztah k vyskytu na kmenech a vétvich stromd. Také vysoky indikaéni faktor maji druhy
Hyloniscus riparius, Ligidium hypnorum, které jsou tizce vazany na soubor lesnich typt
60/R - svézi raSelinna smrc¢ina a v celém prubéhu sledovani byly vazani na vysokou
hladinu spodny vody a proces raselinéni. Z pohledu vySe indika¢ny hodnoty je
najvyznamnéji hodnocen Lithobius nodulipes, ktery je reliktnim druhem na
prameniStich horskych potokt s vyskytem Acer pseudoplatanus (L., 1753) SLT 5L
asplnuje vSechna kritéria bioindilatora prostfedi. Vzhledem na uvedené vysledky
vyzkumu hodnotime vysledky velice pozitivné, z pohledu vyznamu rozsifeni poznatkt
0 bioindikatorech prostiedi v ndvaznosti na zménu globalniho klimatu.

Také v posledni dobé¢ trend podobnych vyzkumnych praci nartsta, z nichz vyplyva, ze
ne kazdy druh muize byt indikdtorem podobné jak je tomu u rostlin. Proto
predpokladame, ze v kratké dobe budeme svédky rozsiteni lidského poznani o komplex
zivocisnych indikatort prostfedi z riznych skupin. Pomoci nichz bude mozné adekvatné
reagovat na managment lesniho hospodaftstvi a spravnou volbu ptirodniho prostiedi pro

nase lesy.
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14. Summary

Composition of the population

Based on the long-term observation of the population was compiled faunal survey
identified species, which beat then compared with existing knowledge in the area of the
Moravian-Silesian Beskid Mts. Our work has led to expansion of finding two new
species of centipede Lithobius biunguiculatus and Lithobius pelidnus that were not
described in this area. Consequently, our work has been described by representatives of
millipedes and terrestrial isopods of which was not far from the area of the Moravian-
Silesian Beskid Mts., reported no comprehensive knowledge. Although our research
was found new species, which has not yet been disclosed, we believe our results for the

expansion and significant additional knowledge epigeic soil fauna in the Beskid Mts.

Effect of spruce and beech stands

It utilized the opportunity to compare relatively similar birthing habitat of different
species composition of vegetation parent stand. Inspiration been previous publications,
which have been compared to different locations with unparalleled natural conditions.
The result was the recognition that differences do exist, although their strength is not a
factor limiting distribution of individual species. It was confirmed by preference beech
stands representatives millipedes and terrestrial isopods, which are tied to better litter
and emerging fungal and bacterial organisms. In contrast, centipedes as representatives
of predators rather have occurred in spruce stands, although both beech stand provides
enough food. Therefore, we can conclude that the fauna of centipedes, millipedes and
terrestrial isopods is a suitable group bioindicative species with a slight preference
beech stands, which may reflect the need for future monitoring of global climate

change.
Arboricolous species

These findings are rather an extension, which was discovered accidentally when a
different type of research. Supplement existing knowledge about soil fauna of some
representatives, who were found in the growing season for trees and branches in the
areas of air pollution Ore Mts. Earlier publications reported cases of soil fauna on trees
wintering or escaping floods. Only our results bring soil fauna in the trees in the
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vegetation period, which may be associated with an active search for food. As well as
representatives of the predators could actively participate in forest protection against
pests. As an arboreal species were important Lithobius pelidnus, Lithobius borealis and
Lithobius cyrtopus.

Climatic environmental factors

Climate environment in which it lives epigeic fauna affect the size and diversity of the
population in any significant way. In the short term one season leads to an increase in
population in the spring, the peak in the summer and decline in the autumn. The
population no significant changes in individual years, rather temperate moist alternating
years with warm dry summers, causes an increase in the size of population decline.
Where mild and wet weather caused an increase in population and the hot and dry
decline in population. In contrast, it sounds long-term impact of weather on the
composition of the population. During the research was recorded air temperature
increase of + 2.9 © C, what triggered the migration of two species of centipedes
Lithobius tenebrosus and Lithobius borealis to higher levels and the incidence of new
representatives synantropic isopods Porcellio scaber from lower altitudes.

Soil environment

It was found that the soil environment as a whole carries complex role affecting
enlargement, the size and diversity of the population. Distribution and examining
individual components of the soil environment was less diversity of specific species,
such as when comparing the overall impact on the population of the soil environment. A
good example is representative of isopods Trachelipus ratzeburgii that as a species
preferring moist environment permanently inhabited localities with a set of forest types
4Y, a sou skeletal sites susceptible to drying out. Overall, we can say that the soil with
herbaceous and woody vegetation is crucial to extend monitored epigeic fauna.
Probably it has to do with plenty of food available in the growing season. As
demonstrated in the research also plays an important role in calcium and magnesium in
the soil. Unfortunately our site did not contain lime typical habitat so it would be

interesting to compare the size and diversity of the population in similar climatic
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conditions on limestone. If a higher content of calcium and magnesium causes an

increase in the population and species or calcareous types selected that as in plants.

Possibility of use of centipedes, millipedes and isopods as bioindicators

environment

Assessment of all available environmental converted were two dimensions to determine
the environmental impact assessment on the population dynamics of selected soil fauna.
The first dimension is the land as a whole, which surrounds the studied species,
providing them space to life. The second dimension is the growing vegetation growing
on specific soil as a source of loss of leaves. With a growing component of the
environment related to the food chain, both millipedes and isopods, decaying leaves
detritovorni bacteria and fungi, so by actively targeting centipedes. Bioindicative ability
was statistically demonstrated in several species. As is the case with most stocks, not
every species is an indicator of the environment in which he lives. Therefore, in our
research we occurred rather eurytopic species that can adapt to changing environmental
conditions. However, they were found species that are tied to specific natural conditions
and have demonstrated their ability bioindicative. Given our results, | can confirm the
ability of the animal ingredients indicate the specific environment. Also, recently the
trend similar research work grows, where it is seen that not every kind of indicator may
be similar to that of plants. | assume that in the short term we will see the expansion of
human knowledge of the entire livestock environmental indicators from different

groups.
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15. Pouzité zkratky

LP - Leptosols (Ranker)

haZ - Haplic Podzols (Podzol)

eP - Entic Podzols (Kryptopodzol)

ST - Stagnosols (Pseudoglej)

HS - Histosols (Organozem)

CM - Cambisols (Kambizem)

GL - Gleysols (Glej)

FL - Fluvisols (Fluvizem)

Ske. L. — Skeleton low — nizky obsah skeletu
Ske. H. — Skeleton high — vysoky obsah skeletu
Clay —il

f.dust - Fine dust (jemny prach)

g.dust - Gross dust (hruby prach)

f.sand - Fine sand (jemny pisek)

DryHA — Suchy horizont A

MoistHA — Vlhky horizont A

WetHA — Mokry horizont A

SlushHA — Zamokfteny horizont A

DryHB — Suchy horizont B

MoistHB — Vlhky horizont B

WetHB — Mokry horizont B

SlushHB — Zamokteny horizont B

eH - Koncentrace vyménnych protont

eAl - Koncentrace vyménného hliniku

eCa - Koncentrace vyménného vapniku (Ca2+)
eMg - Koncentrace vyménného hoiciku (Mg2+)
eK - Koncentrace vyménného drasliku (K*)
eNa - Koncentrace vyménného sodiku (Na®)
paP - obsah potencialn¢ piistupnych oxidu fosforu
pak - obsah potencialné pfistupnych oxidu drasliku
paCa - obsah potencialné piistupnych oxida vapniku
paMg - obsah potencialné piistupnych oxidt hoi¢iku
tFe - Obsah vazanych forem oxidii Zeleza

tAl - Obsah vazanych forem oxida hliniku
tMn - Obsah vazanych forem oxidli manganu
tCa - Obsah oxidovanych forem vépniku

tMg - Obsah vazanych forem oxidt hot¢iku

tK - Obsah vazanych forem oxidi drasliku

tP - Obsah vazanych forem oxidt fosforu
Abund — abundance

Year — rok odbéru vzorki

Alti — nadmotska vyska
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Expo — expozice

Sl_inc — sklon svahu

Skel — obsah skeletu

FSC — soubor lesnich typt

FVZ — lesni vegetaéni stupen

ToS — typ pudy

Hum_F — humusova forma nadlozniho humusu
TEMP.AIr — teplota vzduchu 2 m nad povrchem
TEMP.Soil — teplota pudy v horizontu A
Moist.Soil — vlhkost pady v horizontu A

pH/KCI — pidni reakce ur¢ena v roztoku KCI

C — obsah uhliku

N — obsah dusiku

C/N — pomér obsahu uhliku a dusiku

cov_tree — pokryvnost dfevin

cov_herb — pokryvnost bylin

Vac.myrt — pokryvnost Vaccinium myrtilus
Cala.aru — pokryvnost Calamagrostis arundinacea
Dry.expa — pokryvnost Dryopteris expansa
Spruce — pokryvnost Picea abies

Beech — pokryvnost Fagus sylvatica

C_par. - Cryptops parisi Brélemann, 1920

G_fla. - Geophilus flavus (De Geer, 1778)

G_alp. - Geophilus alpinus Meinert, 1870

L_aus. - Lithobius austriacus Verhoeff, 1937
L_bor. - Lithobius borealis Meinert, 1868

L_biu. - Lithobius biunguiculatus Loksa, 1947
L_bur. - Lithobius burzenlandicus Verhoeff, 1934
L_cyr. - Lithobius cyrtopus Latzel, 1880

L_eryt. - Lithobius erythrocephalus C. L. Koch, 1847
L_for. - Lithobius forficatus Linnaeus, 1758
L_mut. - Lithobius mutabilis L. Koch, 1862
L_mic. - Lithobius microps Meinert, 1868

L_nod. - Lithobius nodulipes Latzel, 1880

L_pel. - Lithobius pelidnus Haase, 1880

L_ten. - Lithobius tenebrosus Meinert, 1872
S_acu. - Strigamia acuminata (Leach, 1815)
S_tran. - Strigamia transsilvanica (Verhoeff, 1928)
GI_con. - Glomeris connexa C. L. Koch, 1847
Ju_scan. - Julus scandinavius Latzel, 1884

Le_tri. - Leptoiulus trilobatus (Verfoeff, 1894)
Po_com. - Polydesmus complanatus (Linnaeus, 1761)
H_rip. - Hyloniscus riparius C. L. Koch, 1844
O_asell. - Oniscus asellus Linnaeus, 1758
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Pe_scab. - Porcellio scaber Latreille, 1804
Pr_poli. - Protracheoniscus politus (C. Koch, 1841)
T_ratb. - Trachelipus ratzeburgii (Brandt, 1833)
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