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Abstrakt:

Biodiverzita jako variabilita Zivota poskytuje lidské spolecnosti fadu nezbytnych zdrojd,
ekosystémovych sluzeb a predstavuje také vyznamnou kulturni hodnotu. Na druhé strané vSak
dochazi soucasné k jejimu ochuzovani v souvislosti s rozvojem lidské spolecnosti. Z pohledu
ochrany pfirody se proto horské ekosystémy fadi mezi jedno znejcenngjSich a
nejohrozenéjsich prostredi v globalnim méfitku.

V ramci piedlozené doktorské prace byly studovany vybrané potencialné vyznamné
antropické vlivy na biodiverzitu horskych bezlesi Hrubého Jeseniku prostiednictvim
modelové bioindika¢ni skupiny broukt (Coleoptera). V prostoru primarniho bezlesi arkto-
alpinni tundry byl studovan vliv sjezdovych trati a invazivni dfeviny borovice klece (Pinus
mugo) na spolecenstva broukll. Na uzemi sekundarnich bezlesi podhorskych luk a pastvin byl
hodnocen vliv zemédélského hospodareni na brouky a dalsi bezobratlé.

Studium vlivu lyZatského arealu prokézalo, ze pfestoZe jsou sjezdové traté v alpinské
zoné z4jmoveého uzemi provozovany zpusobem Setrnym k vegetaci, tak prikazné méni
puvodni spolecenstva epigeickych broukil. V mistech sjezdovych trati dochazi ke snizeni
pocetnosti 1 zmeéné funkéni diverzity modelové skupiny. Sjezdové traté se vyznacuji poklesy
indext funkéni rozriznénosti, coz je zplisobeno ubytkem specializovanych druhli piivodni
arkto-alpinni tundry. Spolecenstva broukl dosahuji v prostoru sjezdovych trati vysSich hodnot
funkéni bohatosti diky tomu, Ze jsou obohacena eurytopnimi druhy a zaroven zde ptezivaji

zéastupci puvodnich biotopt, ale pouze ve zmensené mife. Potencialni rozvoj lyzatskych
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arealll proto piinasi riziko pro biodiverzitu alpinské zony Hrubého Jeseniku a je tedy
z pohledu zachovani unikatni bioty uzemi nezadouci.

Druhym regionaln¢ velmi vyznamnym jevem pusobicim v alpinské zén€¢ Hrubého
Jeseniku je invaze neplivodni borovice klece (Pinus mugo), kterd méni spoleCenstva
sttevlikovitych broukli (Carabidae), a to tak, ze s rostoucim zapojem a vékem porosti dochézi
k ochuzovani ptvodnich spolecenstev. Tento jev je patrny na poklesech parametrii funkéni
diverzity 1 poCetnosti vétSiny druhii (zejména pak reliktnich zastupcii vazanych na bezlesi).
Ve starych a zapojenych porostech borovice klece klesaji indexy funkéni bohatosti 1
rozriznénosti potravnich vazeb, coZ je déno ubytkem herbivornich a potravné
specializovanych karnivornich stfevlikovitych. Podobné se méni i parametry funkéni diverzity
biotopovych vazeb, kdy spolecenstva stievlikovitych jsou funkéné nejbohatsi v plochach
mimo kle¢ - presnéji feCeno se stfednim zapojem dieviny, kde mohou docasné zit druhy
riznych narokl, dokud vSak kle¢ plochy zcela nezaroste. Expandujici porosty nepivodni
borovice klece proto zdsadnim zplisobem ohrozuji spolecenstva arkto-alpinni tundry Hrubého
Jeseniku. Pro ochranu biodiverzity alpinského bezlesi je potieba tento negativni vliv borovice
klece prioritné tesit redukci porosti.

Biodiverzita brouki sekundarnich bezlesi podhorskych luk a pastvin v Hrubém Jeseniku
je formovana zeméd¢lskym hospodafenim. Studie zaméfend na vliv riznych zplsobl
zem&délského hospodateni prokdzala, Ze piestoze okamzity efekt seCe na bezobratlé je
negativni, tak v dlouhodobém casovém intervalu podporuje druhovou diverzitu. Spolecenstva
lu¢nich bezobratlych vcéetné broukli jsou pozitivné ovlivnéna pruhy stromii a nesecené
vegetace, které poskytuji utocist€ v dobé, kdy v okoli probihd se¢. Z hlediska podpory
biodiverzity sekundarnich bezlesi Hrubého Jeseniku je proto zddouci, aby byly v zeméd¢lsky
obhospodarované krajiné¢ zavedeny formy ekologicky Setrného managementu, ktery zahrnuje:

prostorove a ¢asove diferencované sece a existenci pruhil stromt a nesecené vegetace.
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Abstract:

Biodiversity, as the variability of life, provides plenty of necessary resources and
ecosystem services to the human society, representing also an important cultural value. At the
same time, biodiversity is substantially depleted together with the human society’s
development. Mountain ecosystems belong to the most valuable and, simultaneously, most
threatened environments worldwide.

Therefore, I focused on anthropogenic activities with a potential effect on the
biodiversity of the Hruby Jesenik treeless zone, using beetles (Coleoptera) as a model group
of bioindicators. More specifically, the effect of ski-slopes and the influence of allochthonous
dwarf pine (Pinus mugo) expansion on the beetle communities were studied within the
treeless areas of arcto-alpine tundra. In contrast, the impact of various types of agricultural
management on beetle and other invertebrate communities was investigated on a secondary
treeless habitats — the submontane meadows and pastures.

The research revealed a significant effect of the ski-slopes on indigenous epigeic beetle
communities, even though the ski-slopes are managed relatively carefully to the vegetation.
Not only the abundance of the majority of beetle species decreased, but also the functional
diversity of the beetle community significantly changed on the ski-slopes. More concretely,
the functional divergence declined, while functional richness increased significantly on the
ski-slopes. The first trend might reflect the disappearance of some ecologically distinctive,
specialized tundra species of the ski-slopes. On the other hand, higher functional richness of
the ski-slope communities probably consists in fact, that some tundra species still survive on

those ski-slopes, albeit with lower abundances, while there are also eurytopic newcomers.



Potential development of ski-resort in the topmost part of Hruby Jesenik brings a risk to the
valuable alpine biodiversity and should be prevented.

In the second part of my thesis I concerned the effect of an invasive plant - dwarf pine
on the carabid beetles (Carabidae). The model group responded strongly to the dwarf pine.
Not only the majority of species (with the relic inhabitants of the treeless zone included)
shown abundance decline with an increasing age and cover of the dwarf pine stands, but also
the functional diversity parameters significantly changed alongside. Both functional richness
and divergence of trophic interactions significantly decreased in the old dwarf pine stands
with high cover, apparently as the result of food-specialized and herbivorous species decline.
Similar trend was found also in functional diversity of habitat association. The functional
richness of carabids increased with the distance from the edge of dense dwarf pine stands,
reaching its maximum in plots with moderate dwarf pine coverage. Anyway, these mosaic
sites represent just temporary habitats for various ecological groups of carabids. Being left to
spontaneous succession, the dwarf pine does completely overgrown those areas in the end.
Expanding stands of allochthonous dwarf pine therefore represent a serious threat to the
biodiversity of indigenous arcto-alpine tundra communities of the Hruby Jesenik and should
be reduced.

Unlike the primaryly treeless areas, the biodiversity of secondary open habitats
(submontane meadows and pastures) is formed by an agricultural management. My study
focused on the effect of various management treatments and the role of linear landscape
components on the invertebrate communities. I have confirmed a negative immediate
influence of mowing on arthropod abundances. In contrast, the positive role of mowing in
maintaining of the beetle and other taxa richness became apparent only in long-term study.
Finally, the distribution of the majority of arthropods was influenced by the position of
permanent grassy baulks and tree groves. The role of both types of landscape components
probably increase especially if the surrounding areas are mowed. For the successful support of
biodiversity associated with the secondary open habitats, following management measures
should be incorporated: postponement of the mowing and splitting the mowing period into

two or more gradual stages; establishment of uncut strips.

Keywords: agriculture, arcto-alpine tundra, bioindication, functional diversity, invasive plant,

ski-slope.
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PODEKOVANI

Doktorské studium je ukolem, ktery bych pfirovnal k dlouhému pochodu za cilem, ktery
je vétSinu pouté v nedohlednu. Cesta samotnd je zdlouhavd, namahava, sestavajici z mnoha
dil¢ich usekii a plnd odbocek vynucenych ptekazkami. Pti této cest¢ mé provazela a
podporovala tada lidi, bez kterych bych nebyl schopen k cili dojit, a proto bych jim rad na
tomto misté podekoval.

V prvni fadé bych chtél podékovat svym nejbliz§im - zejména rodi¢lim, ot¢imovi a
bratrovi, ktefi mé vzdy obétavé podporovali a nékdy 1 vynucené sdileli mlj zajem o ptirodu.
M¢ prvni entomologické kricky z gymnazialnich let jsou spjaté s jiz bohuzel zesnulym Jifim
Nejdlem, ktery mé zasvétil do problematiky sbéru broukl. Pocatky na vysoké Skole pak
pozitivné ovlivnil tehdej$i spolubydlici na kolejich Adridn Czernik, ktery mimo jiné
zprostiedkoval zasadni setkdni mé védecké drahy, tj. seznameni s TomaSem Kurasem, jenz
vedl mou bakalatskou i diplomovou praci a nasledné se vyznamné podilel na formovani mého
doktoratu. Tomasovi dékuji predevSim za neustalé odborné sméfovani, ochotu mi vzdy
pomoci, ptatelsky piistup, trpélivost a ¢etné a bohaté diskuse nejen o entomologii. Upiimné
bych rad podékoval svému vedoucimu Jaroslavu Starému, ktery mi poskytl tvlr¢i svobodu pfti
préci na disertaci, byl trpélivy, vZdy ochotné ndpomocny a jeho profesni kvality se skromnosti
jemu vlastni byly pro mne vzdy inspiraci. Specidlni dik patii Monice Mazalové za plodné
diskuse a pratelskou spolupraci pti tvorbe publikaci.

Doktorské studium vSak probiha sou€asné s osobnim Zivotem a proto jsem vdécny za
podporu mych nejblizsich piatel jmenovité zejména Anné Sustrové, Michalu Vranovi,
Ondreji Shané€lovi a Vladanu Grygovi, kteti mé vzdy dokazali dobit energii pro dalsi praci.
My dik patii také Vladislavu Holcovi za cetné entomologické exkurze a zapalené debaty o
hmyzu. Rovnéz bych rad podékoval i Anezce Gazarkové, se kterou jsem sdilel studijni
zalezitosti jiz od bakalarského stupné.

Velky dik patii mé partnerce Jané¢ Mazalové, kterd mé& vytrvale podporovala a Casto
musela sdilet strasti studujiciho partnera a jeho nadSeni pro entomologii, n¢kdy i nedbajic
vlastniho pohodli. Dik patii i vSem, které zde bohuzel nemohu z prostorovych divodu
jmenovat a presto mi pii praci nebo studiu pomohli, poradili, nebo jen sdileli radostné chvile
tteba na kolejich. Na zavér bych rad podékoval ptirodé Hrubého Jeseniku, protoze ta pro mne

predstavuje neustaly zdroj energie, inspirace 1 fascinace.
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1. UVOD

Biodiverzita je variabilita Zivota na kazdém stupni hierarchického zebticku v prostorové
Skale biologické organizace (Wilson 1988), pficemz jeji vysoka mira riiznorodosti a bohatosti
je jednim z nejvice fascinujicich jeva ptirody (Gaston 2000, Maclaurin et Sterelny 2008).
Biodiverzita zaroven poskytuje lidské spolecnosti fadu nezbytnych zdroju a ekosystémovych
sluzeb (Costanza et al. 1997, De Groot et al. 2010). V neposledni tadé je biodiverzita
hodnotou samou o sob¢ a je tudiz zalezitosti spolecenské kultury pfirodni rozmanitost chranit
jakozto kulturni dédictvi.

S rozvojem lidské spolecnosti vSak dochdzi ke zméndm prostfedi a tim 1 vymirani
organismt, tj. ochuzovani biodiverzity (Wilson 1989, Rands et al. 2010). Takto pozménéné
ekosystémy nasledné Casto vyzaduji zna¢né vklady zdroji (financi) tak, aby byly zachovany
jejich pozadované funkce (Balmford et al. 2002, Rands et al. 2010). Negativni disledky
antropogennich Cinnosti proto vyustily v nutnost monitorovat zmény prostiedi a biodiverzity
(Kremen et al. 1994, TEEB 2010). Jednim z nastroj pro sledovani environmentalnich zmén
je bioindikace za pomoci bezobratlych (McGeoch 1998, Gerlach et al. 2013), pficemz brouci
(Coleoptera) ptedstavuji vhodnou a Casto pouzivanou bioindikac¢ni skupinu (Vessby et al.
2002, Rainio et Niemeld 2003). Vyznamnou piednosti broukt pii sledovani zmén prostiedi je
rychla odezva taxonu ve funkénich zménach biodiverzity, kdy napiiklad na Grovni vegetace
jsou tytéz jevy detekovatelné se zpozdénim (Samways 2005).

Vyss§i miru biodiverzity a endemismu vykazuji brouci v horskych ekosystémech, které
patii z pohledu distribuce a vyvoje biodiverzity mezi st€Zejni centra biodiverzity na zemi
(Nagy et Grabherr 2009). Fragmentovany charakter hor s ploSkami alpinského bezlesi
izolovanymi lesem umoznil dlouhotrvajici izolaci a evoluci jedineénych spolecenstev s fadou
endemickych taxonil (Chapin et Korner 1994). Horska bezlesi sttedni Evropy jsou piikladem
takovych uzemi s prekvapivé vysokou biodiverzitou (viz Alpy a Karpaty). Hercynska
soustava s pohofim Vysokych Sudet (Hruby Jesenik, Kralicky Snéznik, KrkonoSe) nema
aktudln¢ v takové mife vyvinuta alpinska bezlesi, pfesto se zde dochovala jedine¢na horska a
severska fauna a flora se zastoupenim endemickych taxont. V ptipadé fauny hmyzu unikatni
statut pohoti Hrubého Jeseniku dokumentuji napt. Stary (1973), Holusa (1997), Stanovsky et
Pulpén (2006), Kuras et al. (2009), (Prispévek I, II). Nezaménitelna biota Hrubého Jeseniku
je dana: a) pozici pohoti v ramci Evropy, kdy Vysoké Sudety lze chapat jako kiizovatku
horskych (alpskych a karpatskych) a severskych druht, které opakované pohoii kolonizovaly
v pribchu stfidani glacidli a interglaciali; b) postglacidlni izolaci alpinskych bezlesi
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(vznikem endemickych taxonl); c) specifickou geologicko-geomorfologickou stavbou
(anemo-orografickymi systémy karl) a konecné d) dlouhodobou absenci borovice klece
(Pinus mugo) v alpinské zon¢, kterd je spojovana s vysokou biodiverzitou tohoto pohoti na
prikladu motyli (Bila et al. 2013).

Stejn¢ jako v jinych horskych regionech v Evropé je biodiverzita Hrubého Jeseniku
ohrozovana zejména globdlnimi zménami klimatu (Grabherr et al. 1994), rozvojem
turistickych aktivit (Ries 1996, Roux-Fouillet et al. 2011), invazi neplvodnich druha
(Anthelme et al. 2001) a intenzifikaci zemédélského (Benton et al. 2003, Stoate et al. 2009) a
lesniho hospodateni (Miiller et al. 2008, Nieto et al. 2010, Prispévek III). Mezi biologicky
nejcennéjsi oblasti s vysokym zastoupenim ohrozenych druht v Hrubém Jeseniku nélezeji
primarni bezlesi alpinské zony (Kuras et al. 2009, Prispévek II) a sekundarni bezlesi
podhorskych luk a pastvin (Kasak et al. 2011, Bures 2013).

Ochuzeni biodiverzity otevienych stanovist' je celoevropskym trendem a zjevné souvisi
jak s tzv. odchodem ¢lovéka z krajiny, v souvislosti s rozvojem prumyslu, tak i s nartstajici
intenzifikaci a homogenizaci hospodafstvi dosud obhospodafovanych ploch (Benes et al.
2002, Skalos 2006, Stoate et al. 2009). OhroZeni bioty alpinské zony Hrubého Jeseniku
vyplyva zejména z jejiho plosn€ zna¢né limitovaného rozsahu (Treml et Banas$ 2008), vyrazné
fragmentace a vzajemné izolace alpinskych ostrovil (Bila et al. 2013). Rozsah aktualniho
ohroZeni biodiverzity alpinské zony Hrubého Jeseniku déale umociiuji antropické vlivy, mezi
které patti rozvoj turistického ruchu (lyzafskych aredlu) a recentné piedevSim Sifeni
nepuivodni borovice klec¢e (Banas et al. 2010, Zeidler et al. 2012). Podhorské louky a pastviny
tvoii druhy typ ohroZeného bezlesi v zajmovém pohofi. Biodiverzita téchto sekundarnich
otevienych stanovist' je postizena jak zménou a intenzifikaci zemédélstvi, tak i ukoncenim
hospodaieni. Pravé proto je dnes ochrana piirody v regionu soustfedéna na ochranu bezlesi -
primarnich (alpinskych) i sekundarnich (podhorské louky a pastviny) (CHKOJ 2012).
V ramci predlozené disertacni praci byl studovan vliv vybranych, potencidlné vyznamnych
antropogennich aktivit v bezlesich Hrubého Jeseniku pomoci modelové a indikacné

vyznamné skupiny broukd.
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2. CiLE PRACE

Z vySe uvedeného rozboru vyplyva zdsadni vyznam bezlesi pro uchovani biodiverzity
Hrubého Jeseniku. Provedené studie v tizemi naznacuji ubytek biodiverzity, a proto byly

stanoveny nasledujici tematické okruhy, které se snazi fesit pfedlozena disertacni prace.

a) Primérni arkto-alpinni bezlesi Hrubého Jeseniku ptedstavuje biologicky jedine¢né a
mimofadné cenné uzemi, které je vSak soucasnosti potencialné ohroZzovano zejména
sjezdovym aredlem a invazi nepiivodni borovice klece. Prvni cil disertani prace proto
predstavuje: Urceni potencialné vyznamnych antropickych vlivii na biodiverzitu

brouku primarniho bezlesi Hrubého Jeseniku.

b) Sekundarni bezlesi Hrubého Jeseniku také reprezentuje jedno z prostiedi s bohatou a
ohroZenou biodiverzitou. Podhorské louky a pastviny jsou zaroven vyuZivany
zem&délskym hospodafenim, které vyznamné formuje biotu téchto stanovist. Druhy
tematicky okruh je tudiz zaméfen na: Urceni potencialné vyznamnych antropickych

vlivii na biodiverzitu brouku sekundarniho bezlesi Hrubého Jeseniku.

c) Tieti cil vychazi ze zavéra dil¢ich studii disertace a pfedstavuje: Navrh opatieni pro

ochranu biodiverzity bezlesi Hrubého Jeseniku.

3. METODICKE PRISTUPY

Vybrané potencidln¢ vyznamné antropické vlivy na biodiverzitu bezlesi Hrubého
Jeseniku byly studovany pomoci modelové bioindika¢ni skupiny broukd. V ramei primarniho
bezlesi byl studovan vliv lyZafského aredlu (sjezdovych trati) a invazivni rostliny (borovice
kle€). Na tizemi sekundarnich bezlesi horskych luk a pastvin byl hodnocen vliv riiznych typt
obhospodarovani trvalych travnich porosti. Vyzkum byl zaloZen na vlastnim terénnim sbéru
dat a dale byl doplnén o resersi literarnich zdrojt.

Vramci nasbiraného materidlu bylo pracovéno v dil¢ich studiich s vybranymi
indika¢nimi skupinami broukt, které byly vymezeny ekologicky a taxonomicky (v detailu
prispévky 1V, V, VI). Materidl byl ur¢en do druht, kterym byly nasledné pfifazeny jejich
charakteristiky (schopnost disperze, biotopové a trofické vazby, ekologicka valence atd.),

diky ¢emuz bylo mozné hodnotit studované antropické vlivy v bezlesich Hrubého Jeseniku na
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brouky na urovni: a) spolecenstev, b) ekologickych gild, ¢) druhti a d) funk¢ni diverzity ve

smyslu Masona et al. (2005).

3.1. Charakteristika bioindikac¢ni skupiny

Brouci (Coleoptera) patfi mezi vyznamnou bioindika¢ni skupinu bezobratlych
(McGeoch 1998, Rainio et Niemeld 2003, Gerlach et al. 2013). Pfednosti tohoto taxonu lze
spatiovat zejména v nasledujicim: a) jednd se o druhové pocetnou skupinu organismui
s reprezentativnim zastoupenim v naprosté vétSiné suchozemskych stanovist’ (Gillot 2005),
b) diky velké druhové bohatosti obsahuje tato skupina fadu stenotopnich a stenoeknich druht
se zfetelnou bioindika¢ni hodnotou (napt. Hurka et al. 1996, Rainio et Niemeld 2003),
c¢) skupina je pomérn¢ intenzivné studovdna a jsou tedy dostupné dostateCné informace
(alespoit o evropskych druzich) o ekologickych vazbach jednotlivych druhi, kterych lze
vyuzit pfi interpretaci zmén prostiedi (Lindroth 1992, Hirka 1996); a kone¢né d) existuji
propracované metodiky, které muzeme efektivné vyuzit pfi sbéru terénnich dat (Moericke
1951, Spence et Niemeld 1994). Popularita a znalost taxonu umoziuje Siroké interpretacni
srovnani s jinymi pracemi, kde byly studovany stejné problematiky tj. vliv sjezdovych trati
(Strong et al. 2002, Negro et al. 2009, 2010), invazivnich rostlin (de Groot et al. 2007, Topp
et al. 2008, Schirmel et al. 2011, Brigi¢ et al. 2014) a zemé&d¢lského hospodateni (Vessby et
al. 2002, Batary et al. 2007).

3.2. Charakteristika studovanych lokalit

Vyzkum probihal v Hrubém Jeseniku, ktery piedstavuje druhé nejvyssi hercynské
pohoti ve smyslu Grabherra et al. (2003). Vétsinu tohoto pohoii pokryvaji lesni ekosystémy,
které prechdzeji nad horni hranici lesa v primarni bezlesi arkto-alpinni tundry tvofené
mozaikou otevienych biotopi se spolecenstvy druhi stfedoevropskych hor a severskych
oblasti. V nizSich partiich Hrubého Jeseniku jsou lesni komplexy lemovany zemédélsky
udrzovanymi sekundarnimi bezlesi podhorskych a horskych luk a pastvin.

Primarni bezlesi Hrubého Jeseniku se nachdzi mezi 1350 az 1492 m n. m. (nejvyssi
vrchol pohofi, Pradéd), zaujima rozlohu 11 km? a je rozd&leno na 7 izolovanych ostrovii
arkto-alpinni tundry (Treml et Banas 2008, Bila et al. 2013). Plisobi zde dva plosné vyznamné
antropické vlivy, tj. rozvoj zimnich rekreacnich sportl v ¢ele se sjezdovym lyzovanim a

expanze nepuvodni borovice klece (Banas et al. 2010, Zeidler et al. 2012).
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Lyzatsky areal Ovcarna byl zalozen okolo roku 1950 (Schmidtova et al. 2009) a tvoii
jej 7 sjezdovych trati 20-50 m Sirokych a 250-850 m dlouhych. Z divodu ochrany pftirody
jsou sjezdové traté provozovany pouze za stavu, kdy je minimalni vrstva ptirozeného sné¢hu
80 cm (umelé zasnézovani neni povoleno), a tak nedochédzi k pfimému naruSovani
vegetacniho krytu (Bana$§ et al. 2010). Vliv sjezdovych trati byl studovan na svahu pod
Petrovymi kameny (1446 m n. m.). Druhy plo$né vyznamny antropicky vliv pfedstavuje Sifeni
porostil borovice klece, kterd je v Hrubém Jeseniku nepiivodni (Rybnicek et Rybni¢kova
2004, Hamernik et Musil 2007). Ptfesto byla ve vrcholovych partiich pohoii od roku 1860
vysazovana za ucelem stabilizace horni hranice lesa a zamezeni eroze pidy (Jenik et Hampel
1992). V soucasnosti neptivodni kleGové porosty zaujimaji 2 km” z rozlohy bezlesi, §ifi se
rychlosti 2 % ro¢né (Treml et Bana§ 2008, Treml et al. 2010). Vliv borovice klece na
autochtonni spolecenstva epigeickych broukli byl studovan na tfech lokalitach - Keprnik
(1423 m n. m.), kar Malého kotle (okolo 1300 m n. m.) a Petrovy kameny.

Sekundéarni bezlesi tvoii pfedev§im podhorské louky a pastviny, které zaujimaji
v chranéné &asti Hrubého Jeseniku okolo 90 km” a nachézi se v rozmezi 500 az 850 m n. m.
VétSina trvalych travnich porostll je obhospodafovana na bazi ekologického zemédélstvi
(CHKOJ 2012). Antropické vlivy v druhotném bezlesi byly studovany v okoli Novych Losin
(700-800 m n. m.). Studijni lokalitu tvoii 180 ha pastvin a luk s riznym rezimem pastvy
(skotu) a sece, které jsou oddélené lesiky, mezemi a pruhy stromt a nesecené vegetace. Cely
komplex bezlesi je provozovan v reZimu agro-environmentalnich dotaci, stejné jako vétSina

zemédé€lského hospodareni v oblasti (CHKOJ 2012).

3.3. Pouzité metody sbéru dat a schéma terénniho vyzkumu

V ramci primarniho bezlesi byl studovan vliv sjezdovych trati a borovice kleCe na
brouky za pomoci padacich zemnich pasti (v detailu Prispévek IV, V). Dil¢i studijni plochy
byly rozmistény tak, aby reprezentativnim zpisobem zachytily sledovany vliv v pievazujicich
biotopech zajmového tizemi. Jednotlivé antropické vlivy vSak maji sva specifika a proto bylo
zakladni schéma vyzkumu pro kazdou studijni problematiku rozsifeno. Konkrétné v piipadé
sjezdovych trati byly pasti umistény v riznych vzdalenostech od kraje traté tak, aby bylo
mozné hodnotit vliv sjezdovky na jejim pfi¢ném profilu. V ramci problematiky borovice klece
byl studovan vliv zapoje, staii a vzdalenosti plochy od okraje kosodieviny.

V druhotnych bezlesich byl studovan vliv extenzivniho zemédélského hospodaieni na

brouky za pouziti Moerickeho misek (v detailu prispévek VI). Vyzkum byl zaméfen na
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hodnoceni a) okamzité odezvy bezobratlych na provedenou se¢ a pastvu; b) dlouhodobych
vlivii riznych zpiisobii hospodaieni (se¢, pastva, seC a pastva v kombinaci, zadny
management) na spolecenstva bezobratlych podhorskych bezlesi a ¢) vyznamu doprovodnych
interak¢nich prvka tzn. liniovych biotopti odd€lujicich jednotlivé piadni bloky (pruhy se

stromy a s neseCenou vegetaci) pro formovani a distribuci lu¢nich spolecenstev bezobratlych.

3.4. Analyza funkéni diverzity

Diky analyze zmén funkéni diverzity byly vlivy vybranych antropickych faktort na
biodiverzitu broukd hodnoceny nejen prostiednictvim strukturdlnich ale i1 funkénich
parametri spoleCenstev, které indikuji zmény ve fungovani ekosystémi (Mouchet et al.
2010). Vramci ptedlozenych studii bylo pouzito ptistupu Masona et al. (2005), jenz
vymezuje tfi zakladni slozky funkéni diverzity: funkéni bohatost (functional richness),
rozruznénost (functional divergence) a vyrovnanost (functinonal eveness). Funkéni bohatost
udava proporci mysleného funkéniho prostoru, kterou vypliuji druhy daného spolecenstva.
Index funkcéni rozriiznénosti vychazi z distribuce abundanci druht a jejich pirekryvu ve
funkénim prostoru a indikuje tak miru variability vyuZzivanych zdroji. Posledni parametr
funkéni diverzity predstavuje vyrovnanost, kterd popisuje, jak pravidelné¢ (z hlediska
abundanci) jsou rozmistény druhy s riznymi funkénimi strategiemi ve funkénim prostoru. Do
analyz zmén funkéni diverzity vstupovaly jak funkéni vlastnosti druhii (viz vyse), tak 1 jejich

abundance.

4. ANTROPICKE VLIVY NA BIODIVERZITU BROUKU PRIMARNIHO BEZLESI
HRUBEHO JESENIKU

Sjezdové lyzovani a invaze neptvodnich rostlin patii mezi rizikové vlivy pro horské
ekosystémy (Nagy et Grabherr 2009). Z jinych horskych regioni je dolozeno, ze oba zminéné
faktory vedou ke zménam a poskozeni ptivodniho prostredi (Gordon et al. 2002, Dirnbdck et
al. 2003, Roux-Fouillet et al. 2011), coz se nasledné¢ odrdzi na ochuzeni biodiverzity
dotéenych ploch (Anthelme et al. 2001, Negro et al. 2010, Pornaro et al. 2013). NiZe uvedené
staté se proto vénuji uvedenym antropickym vlivim na funk¢ni diverzitu a spolecenstva

broukt arkto-alpinni tundry Hrubého Jeseniku.
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4.1. Vliv sjezdovych trati na biodiverzitu brouki

Prevaznd vétSina vyzkumu vlivii sjezdového lyZovani na ekosystémy a jejich dilci
slozky byla a je provadéna v lyzatskych arealech, kde je pfi vystavbé sjezdovek zasadné
pozménéno ptivodni stanovisté pomoci tézkych stroju (Titus et Landau 2003, Roux-Fouillet et
al. 2011). V disledku naruseni vegetace zde dochazi k erozi pudy a ztraté biodiverzity rostlin
1 bezobratlych vcetné broukl (Titus et Tsuyuzaki 1998, Strong et al. 2002, Wipf et al. 2005,
Kubota et Shimano 2010, Negro et al. 2010, Risti¢ et al. 2012, Kessler et al. 2012). V ramci
studovanych sjezdovych tratich je vSak situace odliSna. Lyzatsky aredl je provozovan piirodé
Setrnym rezimem, takZe nedochazi k pfimému naruSovani vegetacniho krytu (Schmidtova et
al. 2009).

Ptestoze management provozu sjezdovych trati je poméerné Setrny k prostiedi (Banas et
al. 2010), byly zjistény prikazné zmény ve slozeni spolecenstev epigeickych broukli. Brouci
byli pfitom nejvice ovlivnéni v mistech s déle setrvavajici snéhovou pokryvkou. Zde dochazi
k prikaznému poklesu abundanci vétSiny druhG (Prispévek 1V). Sjezdovky preferuji
herbivori vazanych na nitrofilni vegetaci (Gastrophysa viridula). Obecné sjezdové traté
podporuji vyskyt druhii otevienych stanovist a generalisty (Strong et al. 2002, Negro et al.
2007, 2010, Prispévek IV). Uvedené vysledky jsou v souladu se zjiSténymi zménami funkéni
diverzity. Spolecenstva epigeickych broukti dosahuji vySSich hodnot funkéni bohatosti prave
na sjezdovkach, protoze traté jsou obohaceny eurytopnimi druhy, ale zaroven zde dosud
ptrezivaji 1 zastupci pivodni arkto-alpinni tundry, byt v niZSich abundancich. Naopak vyssi
funkéni rozriznénost v prostedi pfirozené tundry vypovida o vétsi diferenciaci nik vedouci
k niz$i kompetici o zdroje mezi siln€ specializovanymi druhy arkto-alpinni tundry (PFispévek
IV, cf. Negro et al. 2009, 2010).

Zjisténé zmeény spolecenstev epigeickych broukl 1ze vysvétlit jako dasledek zhutnéni
snéhu a zmény jeho teplotni vodivosti (Ries 1996). Sn¢hovd pokryvka zistdva na
sjezdovkach déle oproti okoli. Snih je zhutnény pojezdy lyzaiti a rolby, ¢imz ztraci své
izola¢ni vlastnosti (Rixen et al. 2004). Snizend izola¢ni schopnost vede k intenzivnéj$imu
povrchovému promrzani pidy a delsi setrvani sn¢hu zkracuje vegetacni sezonu (Ries 1996,
Banas et al. 2010). Ztrata izolacnich vlastnosti snéhové pokryvky a zkraceni vegetacni sezony
v misté sjezdovych trati jsou velmi vyznamné vlivy prostredi, jez formuji epigeickou faunu

bezobratlych alpinské zony (Kessler et al. 2012).

16



4.2. Vliv borovice kleée na biodiverzitu brouku

Druhy, regiondlné¢ velmi vyznamny bioticky faktor ohrozujici biodiverzitu arkto-
alpinskych bezlesi Hrubého Jeseniku je Sifeni neptiivodnich vysadeb borovice klece. Kle¢ byla
v alpinské zon€ pohoti vysazovana od poloviny 19. stoleti (Jenik et Hampel 1992). Aktudlné
zptisobem méni strukturu plivodnich spolecenstev stievlikovitych (Prispévek V) podobné
jako invazivni rostliny v jinych regionech (Topp et al. 2008, Schirmel et al. 2011, Brigi¢ et al.
2014). V ptipadé¢ vétSiny druhlt byl zaznamenan prikazny pokles abundanci stfevliki
s rostoucim vékem a mirou zapoje kleCového porostu. Naopak s rostouci vzdalenosti od
borovice kle¢e dochézelo k nariistu jejich pocetnosti. Na plochach porostlych kleci byl tbytek
nejvice patrny v piipadé druhli otevienych stanovist' (Amara spp.), indikujicich ptvodni
tundru (Amara erratica a Carabus sylvestris), potravné specializovanych karnivori (Cychrus
caraboides) a herbivornich stfevlikii obecné (Amara spp.). Naopak afinitu ke kleCovym
porostim vykazuji lesni druhy a biotopovi generalisté (PFispévek V).

V porostech kleCe dochazi k poklesim parametrii funkéni diverzity strevlikovitych.
Konkrétné s rostoucim staifim klece klesa funk¢ni bohatost potravnich strategii a soucasné se
s vy$§im zapojem klece snizuje potravni funkéni rozriiznénost spolecenstev. Tato zjisténi
podporuji 1 vysledky analyz ekologickych gild, kdy vkle¢i prevazuji potravné
nespecializované druhy a je zde zastoupeno uz$i spektrum potravnich strategii, diky tbytku
herbivornich a specializovanych karnivornich stievlikovitych (Prispévek V). Uvedené
vysledky koresponduji se zavéry ostatnich autorti, zabyvajicich se odezvou zivocichl
navazujicich Grovni potravniho fetézce na invazi neplivodni rostliny. Na plochéach postiZzenych
invazivnimi rostlinami tak pfevazuji euryekni druhy (Brigi¢ et al. 2014) a abundance a
druhové zastoupeni urcitych ekologickych skupin klesaji (Topp et al. 2008, Schirmel et al.
2011).

S rostoucim zapojem a v€kem klece se méni i indexy funk¢ni diverzity vztazené ke
stanovistni vazbé druht. Funkéné nejbohatsi jsou spolecenstva strevlikovitych na plochach se
sttednim zapojem klece a pfi jejim okraji (Prispévek V), tj. v tundrovych plochach nové
invadovanych nebo s nizkou pokryvnosti invazivni rostliny (Brigi¢ et al. 2014). Tento stav je
ale Casové proménlivy, pfesnéji fe€eno docasny, nez dojde k Gplnému zarosteni ptivodniho
biotopu kleci a nasledné tedy k uniformizaci prostfedi, coz se odrézi i na poklesech hodnot

indext funkéni diverzity pfi maximalnim zapoji klece, jak uvadi Prispévek V.
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Ochuzovani spolecenstev stievlikovitych v porostech klece lze vysvétlit celkovou
zménou prostiedi, tj. zejména zménou mikroklimatickych podminek a snizenim potravni
nabidky, stejné€ jak uvadi jini autofi v tematicky podobné zamétenych studiich (cf. de Groot et

al. 2007, Finch et Szumelda 2007, Topp et al. 2008, Schirmel et al. 2011).

5. ANTROPICKE VLIVY NA BIODIVERZITU BROUKU SEKUNDARNIHO
BEZLESI HRUBEHO JESENIKU

Vétsina dosavadnich studii zaméfenych na vliv pastvy, sece a krajinné struktury na
biodiverzitu bezobratlych v sekundarnich bezlesich dochédzi k zaveérim, ze kazda z téchto
charakteristik zemédélstvi ovliviiuje studované taxony (Batary et al. 2008, Cizek et al. 2012,
Humbert et al. 2012) stim, Ze intenzivnéj$i formy sece a pastvy plsobi negativné na
biodiverzitu (Batary et al. 2008, 2010). Zaroven jsou vSak informace o komplexnim plisobeni
uvedenych faktorl na biodiverzitu lu¢nich bezobratlych pomérné chudé (napt. Debano 2006,
Cizek et al. 2012).

Zemgédelské hospodafeni na podhorskych loukach a pastvinach ovlivituje bezobratlé
(Rundlof et al. 2008, Cizek et al. 2012, P¥ispévek VI), pficemZ vliv jednotlivych typa
managementu na spolecenstva broukl je rizny (Batary et al. 2007, Prispévek VI). V ramci
predlozené studie z Hrubého Jeseniku byl zjiStén vyznamny okamzity vliv seCe na
spolecenstva broukt, nicméné odpoveéd’ taxonu neni jednotnd a reakce se mezi jednotlivymi
ekologickymi skupinami 1 druhy lisi.

Celkové pocetnosti broukli okamzZité po seci prekvapivé rostou (Prispévek VI). Tento
jev miZe byt dan vyssi mobilitou taxonu (vétSina zastupcii 1étd) a intenzivnéjSim pohybem
jedinct pfi hledanim ztracenych potravnich zdroji na posecené ploSe, coz muze zvySovat
pravdépodobnost jejich odchytu (Hossain et al. 2002). Lze konstatovat, ze se¢ podporuje
druhy otevienych stanoviSt. Nejvys§i druhové bohatosti dosahuji luéni druhy broukd se
zpozdénim po seci v dob¢, kdy je na ploSe jiz ptfitomna vyssi vegetace (Prispévek VI).
Bezprostiedni pokles pocetnosti broukdi po provedené seci je patrny ve skupiné herbivora.
Snizeni pocetnosti souvisi patrné se zménou potravni nabidky a zménou prostiedi, které
herbivofi osidluji (tj. vzrostla vegetace) (Cizek et al. 2012). Zvysené poéetnosti po provedené
seCi vykazovali néktefi nektarofdgové (napt. Anthaxia qudripunctata). To mize byt dano
zvySenou atraktivitou Zlutych misek na posecenych loukich a soucasné snizenou potravni
nabidkou pro nektarofagni hmyz (Wilson et al. 2008). Okamzity vliv pastvy na abundance a

druhovou diverzitu broukli nebyl prokazan, jisty vliv byl shleddn pouze v piipade
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koprofagnich druhti, napt. Aphodius depressus (Prispévek VI). Koprofagové nachéazeji na
pastvinach dostate¢né mnozstvi potravy (trusu dobytka) pro vyvoj larev, tudiz jsou pastviny
pro tuto gildu broukl atraktivni a brouci zde zvySuji své pocetnosti (Hanski et Cambefort
1991).

Testovani dlouhodobého vlivu hospodafského managementu ukazalo, Ze druhové
nejbohatsi spolecenstva podporuje se¢, nasledovana plochami, kde se kombinuje pastva a sec.
Nejméné druhové bohaté byly plochy bez hospodatfeni a se samostatnou pastvou (Prispévek
VI). Nevyrazny okamzity i1 dlouhodoby vliv pastvy na spoleCenstva brouki byl
pravdépodobné dusledkem nizké intenzity paseni (malym poctem dobytka na plochu).
Na studované lokalité¢ byly cilen¢ aplikovany piirodné Setrnéjs$i postupy s niz§im poctem
dobytéich jednotek na plochu, nez je v obdobnych studiich obvyklé (srov. Kruess et
Tscharntke 2002).

Dlouhodoby pozitivni vliv ¢asové a prostorové ruzné aplikované sece (piipadné
v kombinaci s pastvou) na spoleCenstva bezobratlych je dan pfedev§im potlacenim
konkurencné zdatnéjSich travin (Konvicka et al. 2008, Gibson 2009). Snizeni vlivu
konkuren¢nich dominant (travin) ndsledné umoziuje obstat 1 jinym druhtim bylin a tak miize
v pastvinach dochazet k rozvoji vice diverzifikovanych fytocendz (Haysome et Coulson 1998,
Espirito-Santo et al. 2007), coZ se nasledné odrazi v pestiejSich spolecenstvech bezobratlych
(Knop et al. 2006, Prispévek VI).

Soucasti tradicni zemédé€lské krajiny jsou také tzv. doprovodné interakéni prvky
charakteru mezi, remizka a kamenic, které rozc¢lenuji vétsi plidni bloky. Pruhy s nesecenou
vegetaci a stromy prokazatelné ovliviiuji luéni spolecenstva bezobratlych v zemédélsky
obhospodatované krajin€é (Humbert et al. 2012, PFrispévek VI). To znamena, Ze vétSina druht
bezobratlych s rostouci vzdalenosti od pruhli neseCené vegetace ubyva (Rada et al. 2014
Piispévek VI). Stejné¢ tak pocetnosti broukli s vazbou na lesni prostiedi a vyssi bylinnou
vegetaci (Anthaxia spp., Oxythyrea funesta, Rhagonycha spp.) se snizuji smérem do oteviené
plochy (Marini et al. 2009, Prispévek VI). Pruhy stromil a neseené vegetace jsou tedy
vyznamné pro druhy luk a pastvin, protoze slouzi jako refugium poskytujici stanovisté a
zdroje potravy v dobé, kdy na okolnich plochach probiha se¢ (Balmer et Erhardt 2000,
Humbert et al. 2012, Kulfan et al. 2012, Prispévek VI).
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6. NAVRH OPATRENI PRO OCHRANU BIODIVERZITY BEZLESI HRUBEHO
JESENIKU

Na zakladé vysledki pfedlozenych studii a literarni reSerse je mozné vyvodit zavéry pro
ochranu biodiverzity bezlesi v Hrubém Jeseniku s ohledem na studované antropické vlivy.
Primarni a sekundarni bezlesi v regionu spojuje: a) vysokd mira zastoupeni biologicky cenné
a ohroZené biodiverzity a b) vyrazné funkéni zmény biodiverzity v disledku antropickych
vlivi (Prispévek IV, V, VI). Soucasn¢ se vSak oba typy bezlesi odliSuji svou piirozenou
dynamikou, kdy arkto-alpinni spolecenstva se dlouhodobé vyvijela bez vlivii ¢lovéka (Nagy
et Grabherr 2009), zatimco existence stanoviSt podhorskych luk a pastvin je podminéna
zemédelskym hospodatenim (Baur et al. 2006, Lozek 2007). Uvedené charakteristiky se tedy

promitaji i v doporucenich pro zachovani biodiverzity pro kazdy typ bezlesi.

6.1. Primarni bezlesi arkto-alpinni tundry

Ptestoze jsou sjezdové traté¢ v alpinské zon€ zdjmového uzemi provozovany Setrnym
zpusobem, provedené analyzy dokladaji, ze se plvodni spoleCenstva epigeickych broukt
méni. V mistech sjezdovych trati dochazi k poklestim pocetnosti i zménam parametrii funkéni
diverzity brouktl. Sjezdové trati se vyznacuji niz8i funkéni rozriznénosti spolecenstev broukd,
coz je zpusobeno ubytkem specializovanych druhli plivodni arkto-alpinni tundry. LyZzatské
arealy proto piinaSi riziko pro biodiverzitu alpinské zony Hrubého Jeseniku a jejich
roz$ifovani je tedy nezddouci z pohledu zachovani unikatni bioty zemi.

Invazivni borovice kle¢ také méni spolecCenstva stievlikovitych broukl a to tak, Ze
s rostoucim zapojem a vékem porostli dochazi k ochuzovani ptivodnich spolecenstev. Tento
jev je patrny na poklesu pocetnosti vétSiny druhi, zejména pak téch vazanych na bezlesi a
potravné specializovanych. Zmény ve sloZeni spolecenstev se odraZeji 1 na parametrech
funkéni diverzity. Ve starych a zapojenych porostech kle€e dochdzi ke sniZeni funkéni
bohatosti i rozriznénosti potravnich vazeb strevlikovitych. Obdobné se méni i indexy funk¢ni
diverzity biotopovych vazeb stfevlikovitych, kdy na plochéch porostlych kle¢i dochazi
k poklesu indexti funkéni bohatosti. Sifici se porosty borovice kleée piedstavuji tedy realné
riziko pro spolecenstva puvodni arkto-alpinni tundry Hrubého Jeseniku. Pro ochranu
biodiverzity alpinského bezlesi v regionu je proto potfeba porosty borovice klece omezit v

Siteni a redukovat jejich rozlohu.
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6.2. Sekundarni bezlesi podhorskych a horskych luk a pastvin

Studie zaméfend na vliv riznych zpisobli hospodafeni (se¢ a pastva) a interak¢nich
prvki v zeméde€lské krajiné zjistila, Ze se¢ prikaznym zplsobem formuje spolecenstva
vybranych skupin bezobratlych vcetné¢ broukt. Se¢ v dlouhodobém casovém intervalu
podporuje druhovou diverzitu. S ohledem na okamzity negativni dopad sefe na vétSinu
bezobratlych a dobu vyskytu méné mobilnich, a tak i citlivéjSich larvalnich stadii lu¢nich
zastupct v prvni poloviné vegetacni sezdny, je proto vhodné se€ provadeét az v pozdnéjsi Casti
l1éta (od druhé poloviny cervence). Dopad na dosp€lce je pak mozné zmirnit rozdélenim sece
na vice fazi, ptiCemz béhem roku je vhodné realizovat pouze jednu se¢ na dané plose.

Mezi dalsi prvky zemédélského hospodateni, které pozitivné ovliviiuji luéni brouky,
patii pruhy stromil a neseCené vegetace, které poskytuji utocist€¢ pro bezobratlé v dob¢, kdy
v okoli probiha se€. Zaroven tyto interakéni prvky navySuji celkové heterogenitu krajiny.
Z hlediska podpory biodiverzity sekundarnich bezlesi Hrubého Jeseniku je proto zadouci, aby
byly v zemé&dé€lsky udrzované krajiné plosné¢ zavedeny uvedené formy ekologicky Setrného
managementu, tj. zpozdéné, Casove a prostoroveé diferencované sece a tvorba a udrzba pruha

stromu a nesecené vegetace.
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KRATKA SDELENI

Nalezy ekofaunisticky vyznamnych druhi broukii (Coleoptera) na Jesenicku
(severni Morava, Ceska republika)

Records of ecofaunistically significant beetles (Coleoptera) in the Jesenik region
(northern Moravia, Czech Republic)

Keywords: faunistics, Coleoptera, Jesenik region: Hruby Jesenik Mts., parts of Rychlebské hory Mts. and Nizky
Jesenik Mts., northern Moravia, Czech Republic

Abstract. Coleopteran fauna of the Hruby Jesenik Mts. and its close surroundings has not been comprehensively
summarized so far. The aim of this paper is to contribute to the knowledge on distribution of the selected species
that are important in terms of bioindication in this area. Occurrence of 26 species of 7 families is presented here.
For majority of the species, so far not recorded localities in the area of interest are introduced or the occurrence
was confirmed after long period. Ceruchus chrysomelinus (Hochenwarth, 1785), Cicindela germanica (Linnaeus,
1758), Cornumutila quadrivittata (Gebler, 1830), Odonteus armiger (Scopoli, 1772) and Rhopalopus hungaricus
(Herbst, 1784) belong among the most significant ecofaunistic representatives that were found here.

Mezi prvni polovinou 19.a20. stoleti se Jesenicko téSilo velkému zajmu
entomologi. Mezi nejvyznamnéjsi dila patii dobové faunistiky z oblasti Hrubého Jeseniku
(REITTER 1870; LETZNER 1885-1889; GERHARDT 1910). Prestoze se jejich autofi vénovali
spiSe nejvysSim partiim pohofi, poskytuji uvedené prace dosud nejvétsi pichled dat
za uplynulych 160 let vyzkumu v oblasti. Po druhé svétové valce byly postupné zpracovany
vybrané celedi broukti na izemi Chranéné krajinné oblasti Jeseniky (VOLAK 1947; MALEC
1976; VAVROUSEK 1980, 1983), v soucasnosti vSak chybi soubornéjsi faunistické prameny.
Vyjimkou v tomto sméru je komentovany prodromus broukt NPR Pradéd (VAVRA 2003)
a Stfevlikoviti brouci Slezska (STANOVSKY & PULPAN 2006). Cilem piedlozené prace
jeprispét k poznani o souCasném vyskytu a rozsifeni vybranych bioindikacné
vyznamngj$ich druhd v jesenickém regionu (Hruby Jesenik a pfilehlé ¢asti Rychlebskych
hor a Nizkého Jeseniku). Nazvoslovi taxond bylo pouzito dle JELINKA (1993) a jednotlivé
druhy byly zatazeny do kategorii Cerveného seznamu (FARKAC et al. 2005), dale v textu
jen CS. Pokud v praci neni uvedeno jinak, tak plati JK — leg., det. et coll. J. Kasak; RG —
leg., det. et coll. R. Gabris. V nékterych pripadech bylo pro upfesnéni polohy lokalit
pouzito zkratky PR — Pfirodni rezervace; NPR — Narodni pfirodni rezervace.

Buprestidae

Buprestis rustica Linnaeus, 1758: Cernd Voda (5668), 2.VIL.2010, 4ex., RG; Zulové
(5668), 29.VI1.2008, lex., RG; Rejviz — hora Orlik (5869), 2.VI.1998, 2ex., JK; Vidly
(5869), 15.VII.1998, lex., leg. M. Vrana, det. et coll. J. Kasak; Karlova Studanka (5969),
2.VI1.2002, lex., JK.

Larvy krasce se vyvijeji v odumirajicich kmenech a Cerstvych patezech smrkd (Picea sp.)
ajedli (4bies sp.), v minulosti v Ceské republice (CR) velmi rozsifeny a hojny druh (BiLY
1989). Pocet nalezl z posledni doby naznacuje tbytek druhu. V CS klasifikovan jako téméer
ohrozeny (SKORPIK 2005).

Carabidae

Carabus cancellatus cancellatus Tlliger, 1798: Zulova (5668), 7.V1.2008, lex., observ. et
det. R. Gabri§; Vrbno pod Pradédem (5870), 20.IV.1999, lex., ve svahu Vysoké hory, JK.
Druh oteviengjSich stanovist, na severni Moravé v soucasnosti vzacny (STANOVSKY
& PULPAN 2006). V CS klasifikovan jako témét ohrozeny (VESELY et al. 2005).
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Carabus irregularis irregularis Fabricius, 1792: Bily potok (5869), 10.V1.2000, lex., JK;
Vidly (5869), 20.V.2001, lex., JK; Vrbno pod Pradédem (5870), IV.1999, lex., zimujici
v pafezu ve svahu Vysoké hory, JK; 28.VI.1999, lex., JK.

Druh ptirodé blizkych sutovych les pahorkatin a hor, indikator zachovalych ekosystému,
na uzemi CR ojedinély az vzacny (HURKA 1996). Z Hrubého Jeseniku v poslednich
dekadach neuvadén (STANOVSKY & PULPAN 2006). V CS klasifikovan jako téméf ohrozeny
(VESELY et al. 2005).

Carabus variolosus Fabricius, 1787: Bily potok env., PR Skalni potok (5869), 25.V.2002,
lex., JK; 10.V1.2003, 1ex., JK; Vidly (5869), 26.V.2001, lex., JK.

Hygrofilni druh stfevlika, vazany na pramenné potoky a okolni podmacené plochy
v horskych lesich. V Cechach pravdépodobné vyhynuly, na Moravé hojnéji rozsifeny
zejména v karpatském masivu (HORKA 1996; STANOVSKY & PULPAN 2006; SPITZER
& KonvICKA 2010), v Jesenikach lokalni druh (STANOVSKY & PULPAN 2006). V CS
klasifikovan jako zranitelny (VESELY et al. 2005).

Cicindela germanica (Linnacus, 1758): Nové Losiny env., PR Pfremyslovské sedlo (5868),
14.VIII-20.VIIL.2010, lex., zemni past na pastvin¢ v tésném sousedstvi rezervace, RG.

Sviznik zijici na hlinitych pidach se sporou vegetaci, diive na pastvinach, v soucasnosti
kolonizuje sekundarni biotopy odkalist a deponii elektrarenského popilku. Na severni
Moravé znam pouze z Ostravska (STANOVSKY & PULPAN 2006). V CS klasifikovan jako

zranitelny (VESELY et al. 2005).

Pterostichus rufitarsis cordatus Letzner, 1842: Vidly env., PR Jeleni bucina (5869),
X.2010, lex., pod kiirou padlého smrku ztepilého (Picea abies (L.) Karsten), JK.
Karpatsko-sudetsky stevlicek, druh pfirod¢ blizkych lest, ve Slezsku lokalni vyskyt
pfedev§im v Hrubém Jeseniku a Beskydech (STANOVSKY & PULPAN 2006). V CS
klasifikovan jako témét ohrozeny (VESELY et al. 2005).

Cerambycidae

Aegomorphus clavipes (Schrank, 1781): SkoroSice (5668), I11.2009 (larva), 1ex., dochovan
z vétve tfeSn¢ ptaci (Prunus avium (L.) L.), RG; Vapenna (5768), 1.VI1.2007, 2ex., RG;
IV.2008 (larva), lex., dochovan z kmene vrby jivy (Salix caprea L.), RG; Vidly (5869),
2.VIIL.2002, 4ex., JK; Vrbno pod Pradédem — Zelezna (5870), 1V.2002 (larva), lex.,
dochovan z kmene jefabu (Sorbus sp.), JK.

Lokalni druh Setrnéji obhospodatovanych listnatych lesti. Na severni Moravé udavan
ze zapadni ¢asti Hrubého Jeseniku a z Beskyd (SLAMA 1998; SzopA 2002).

Cornumutila quadrivittata (Gebler, 1830): Zulova (5668), 19.X11.2002, lex., v intravilanu
obce ve sklepé na palivovém diivi neznamého ptivodu, RG.

Boreomontanni tesaiik, na izemi CR znam dosud pouze z nékolika lokalit v klimaxovych
smr¢inach Hrubého Jeseniku (SLAMA 1998). V CS klasifikovan jako kriticky ohrozeny
(REJZEK 2005).

Oberea pupillata (Gyllenhal, 1917): Vrbno pod Pradédem (5870), 11.2001 (larva), lex.,
ve svahu Vysoké hory, JK; Vrbno pod Pradédem — Mnichov (5870), V.2003 (larva), lex.,
u Berankovy pily, JK. Oba exemplafe byly dochovany z odumirajicich kminkd zimolezu
¢ern¢ho (Lonicera nigra L.).

Lokalni a vzacny druh pfirozenych i umélych porostti zimolezu (Lonicera sp.). Ze severni
Moravy jsou znamy pievazné starsi nalezy (SLAMA 1998; Szopa 2002).

Monochamus sutor (Linnaeus, 1758): Zulova (5668), 7.VIL.2005, lex., RG; Bily potok
(5869), 30.VII.1998, lex., JK; 6.VII.1999, lex., JK; 2.VIL.1999, 2ex., JK; 10.VII.1999,
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lex., JK; 28.VIL.1999, lex., JK; 2.VIII.1999, lex., JK; 7.V1.2000, lex., JK; 2.VII.2002,
lex., JK; Bily potok — Dykova chata (5869), VII.2006., 2ex., JK; Bily potok env.,
PR Skalni potok (5869), 10.V1.2003, 1ex., JK; 15.V1.2003, lex., JK.

Na uzemi CR vzacny druh horskych smréin, hojnéjsi pouze na Sumavé, v Novohradskych
horach, Jesenikach a Beskydech (SLAMA 1998).

Pogonocherus ovatus (Goeze, 1777): Nyznerov (5768), 11.2011, 12ex., RG; Jesenik env.,
hora Zlaty chlum (5769), 20.XI1.2008, lex., RG; Karlovice env., Obii vrch (5870),
26.X11.2010, lex., observ. et det. J. Kasak; Markvartice (5970), 19.111.2011, lex., v lese
500 m zapadné od obce, JK; Pochen (5970), 15.11.2009, 2ex., v lese 500 m severné od obce,
JK. Vsechny exemplafe byly nalezeny pod Supinami kiry u pat zivych kmend jedle
bélokoré (Abies alba Mill.).

V Cechach a na Moravé lokalni druh zavisly na zbytcich lesii se zastoupenim star§ich jedli.
Ze zajmové oblasti udavan pouze ze severni casti Jesenikd (SLAMA 1998). V CS
klasifikovan jako témét ohrozeny (REJZEK 2005).

Rhopalopus ungaricus (Herbst, 1784): Vidly (5869), 25.VI1.2006, lex., na starém javoru
klenu (Acer pseudoplatanus L.), JK; Bily potok — chatova osada Na Vysluni (5870),
17.VI1.2006, 1ex., mrtvy jedinec pod javorem klenem, JK.

Tesaiik vazany na staré oslunéné javory (Acer sp.), na celém tizemi CR vzicny (SLAMA
1998). Z Jeseniki (Kouty nad Desnou) uvadén posledni nalez VAVROUSKEM (1983). V CS
klasifikovan jako ohrozeny (REJZEK 2005).

Saperda perforata (Pallas, 1773): Zulova (5668), I11.2007 (larva), 2ex., RG; Vrbno
pod Pradédem (5870), V.2004 (kukla), 2ex., u teky Opavy asi 1 km jiznim smérem
od mésta, JK; Vrbno pod Pradédem — Mnichov (5870), V.2000 (larva), 2ex., JK; Vrbno
pod Pradédem — Zelezna (5870), VI1.2002 (kukla), 3ex., JK; Vrbno pod Pradédem (5870),
V.2002 (larva), 3ex., ve svahu Vysoké hory, JK;. VSechny exemplare byly dochovany
z mrtvych nebo odumirajicich kment topolu osiky (Populus tremula L.).

V CR lokalni druh lesti a stromofadi s odumirajicimi topoly (Populus sp.), hojnéjsi pouze
v uvalech Dyje a Moravy, ze Slezska dosud neuvadén (SLAMA 1998).

Elateridae

Ctenicera virens (Schrank, 1781): Bily potok env., PR Skalni potok (5869), 1.V1.2002,
lex., JK.

Vzacny kovaiik vazany na neregulované horské toky, indikator periodicky zaplavovanych
bfehti. V zajmové oblasti znam pouze znekolika malo lokalit (VAVRA 2003). V CS
klasifikovan jako ohrozeny (VAVRA 2005).

Diacanthous undulatus (De Geer, 1774): Vidly (5869), 19.VII.1999, lex., JK.

Horsky druh pfirod€ blizkych lesi s odumielymi kmeny, pfedevsim jehli¢natych stromd.
Na tzemi CR se vyskytuje napf. na Sumavé a Kralickém Snézniku (LAIBNER 2000),
vregionu jsou znamy jen jednotlivé nalezy (VAVRA 2003). V CS klasifikovan jako
ohrozeny (VAVRA 2005).

Lucanidae
Ceruchus chrysomelinus (Hochenwarth, 1785): B¢la pod Pradédem env., PR Borek
u Domasova (5869), 6.X1.2010, 1 mrtvy ex. a 2 larvy, v padlém trouchnivém kmenu jedle
bélokoré, JK.
Reliktni druh podhorskych a horskych lestt vazany na odumielé kmeny piedevsim jedli
a smrkii. Na uzemi CR se vyskytuje v nékterych hrani¢nich pohofich — Beskydy, Sumava,
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Krkonose atd. (BALTHASAR 1956). Z Hrubého Jeseniku udavany pouze historické nalezy
(GERHARDT 1910). V CS klasifikovan jako kriticky ohrozeny (KRAL 2005).

Meloidae

Meloe violaceus Marsham, 1802: Nové Losiny env., PR Pfemyslovské sedlo (5868),
24.1V.2009, lex., na pastviné v tésném sousedstvi rezervace, RG; Bily potok (5869),
20.V.2000, lex. JK; Karlov pod Pradédem env., Mala kotlina (5969), 1217 m n.m., 15.VL.-
15.VIL.2006, lex., zemni past observ. et det. J. Kasak.

Uptednostiiuje teplé a vyslunné nelesni plochy, pfedevsim v nizinach. Z Hrubého Jeseniku
a okoli jsou znamy jednotlivé nalezy, napi. Alfrédka, Karlova Studanka, Ovc¢arna, Velka
kotlina aj. (VRABEC 2003). V CS klasifikovan jako zranitelny (VRABEC 2005).

Meloe rugosus Marsham,1802: Zulova (5668), 29.X1.2009, lex., v intravilanu obce, leg.
H. Syptakova, det. et coll. R. Gabris; Nové Losiny (5868), 24.1V.2009, lex., RG.

Obyva predevsim oteviené, extenzivné vyuzivané louky. Na tizemi CR lokalni druh,
ze zajmové oblasti dosud neuvadén (VRABEC 2003). V CS klasifikovan jako zranitelny
(VRABEC 2005).

Scarabaeidae

Aphodius bilimeckii Seidlitz, 1891: Petrovy kameny (5696), 22.V.2005, 6ex., JK;
2.V1.2007, 10ex. observ. et det. J. Kasak; Vysoka hole (5696), 14.V.2009, 4ex., RG.
Vsechny exemplafe byly nalezeny v trsech smilky tuhé (Nardus stricta L.).

Alpinsky druh nékterych pohofi stfedni a jizni Evropy. Okoli Pradéda je jedinou lokalitou
druhu na izemi CR (JURENA et al. 2008) V CS klasifikovan jako kriticky ohrozeny (KRAL
2005).

Gnorimus nobilis (Linnaeus, 1758): Nyznerov (5768), 1.VIL.2007, 2ex., RG; 1.VI1.2010,
3ex., RG; Bily potok (5869), 10.VIL.2009, lex., observ. et det. J. Kasak; Vrbno
pod Pradédem — Mnichov (5870), 5.VIIL.2008, lex., u Berankovy pily, observ. et det.
J. Kasak; 1V.1998 (larvy), 2ex., dochovany z dutiny buku lesniho (Fagus sylvatica L.)
ve starych lomech zapadné od obce, JK.

Druh vyvojem vazany na dutiny stromt nejcastéji v podhtiii a horach (BALTHASAR 1956),
z Hrubého Jeseniku dosud literarné neudavan. V CS klasifikovan jako zranitelny (KRAL
2005).

Liocola Ilugubris (Herbst, 1786): Zulova (5668), IV.2001 (larva), 19ex., dochovany
z dutiny vrby (Salix sp.), RG; 7.V1.2008, lex., RG; Pise¢na (5769), 10.VI.1999, lex.,
pisecny lom severné od obce JK; Bruntal (5970), 20.VIL.2007, lex., v byvalém vojenském
prostoru severn¢ od mésta, JK.

Zlatohlavek vazany na dutiny riznych listnatych stromil, na uzemi CR roziifen spise
v niz§ich polohach (BALTHASAR 1956).

Odonteus armiger (Scopoli, 1772): Nové Losiny env., PR Pfemyslovské sedlo (5868),
23.VIL.-6.VII1.2010, 3ex., zemni past na pastvin¢ v tésném sousedstvi rezervace, RG;
8.VIII-14.VIIL.2010, lex., v Moerickeho misce, observ. et det. R. Gabris.

Druh se vyskytuje na stanovistich stepniho a lesostepniho charakteru, larvy i dospélci
se zivi podzemnimi houbami. Na uzemi CR rozsifen roztrouseng, piedev§im v niZinach
a pahorkatinach. Na severni Moravé v soucasnosti znam pouze na Ostravsku (SABOL 2010),
z Hrubého Jeseniku (Bé€la pod Pradédem) jej uvadi historicky GERHARDT (1910). V CS
klasifikovan jako ohrozeny (KRAL 2005).
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Oryctes nasicornis ondrejanus Minck, 1916: Vapenna (5768), 1.VI1.2007, 20ex., observ.
et det. R. Gabris; Karlovice (5870), 25.V1.2002, lex., JK; Vrbno pod Pradédem (5870),
5.VI1.2002, lex., JK; Bruntal (6070), 30.V.2004, 1ex., u zameckého parku, JK.

Pivodné druh dutin starych stromt, rozsifil se na riiznd nahradni stanovisté, jakymi jsou
kompostovaci a odpadni plochy se dievem — zahradni komposty, deponie odpadu z pil,
arboreta, rozaria aj. (cf. BALTHASAR 1956). Nize uvedené nalezy dokladaji schopnost druhu
prezivat i v podhorskych oblastech. V CS klasifikovan jako ohrozeny (KRAL 2005).

Trichius fasciatus (Linnaeus, 1758): Nyznerov (5768), 1.VI1.2010, Sex., RG; Skorosice
env., Kani hora (5668), 17.VIL.2009, lex., RG; Vapenna (5768), 19.V1.2007, Sex., RG;
Zulova (5668), 18.VI.2006, 2ex., RG; Bily potok (5869), 10.VIL.1998, 2ex., JK;
22.V1.2000, 2ex., JK; 10.VIL.2001, 2ex. JK.

V lesnatych pohotich CR misty hojny, larvy druhu se vyviji ve stromech s dutinami
(BALTHASAR 1956). Ze zajmové oblasti uvadén pouze historicky (GERHARDT 1910). V CS
klasifikovan jako téméf ohrozeny (KRAL 2005).

Silphidae
Silpha tyrolensis Laicharting, 1794: Karlov pod Pradédem env., Mald kotlina (5969),
15.VII-2.VIIL.2006, 1ex., zemni past, JK; Vysoka hole (5969), 10.V.2007, lex., JK.
Boreomontanni druh, v CR znam pouze z Hrubého Jeseniku a Sumavy (KOCAREK 1996;
HAVA & RUZICKA 1997). Mala kotlina je novou lokalitou pro druh v masivu hlavniho
hiebene Hrubého Jeseniku. V CS klasifikovan jako téméf ohrozeny (RUZICKA 2005).

Staphylinidae
Emus hirtus (Linnaeus, 1758): Zulova (5668), 10.V.2009, lex., RG; Nové Losiny env., PR
Premyslovské sedlo (5868), 8.V.2009, lex., vtésném sousedstvi rezervace, RG. Oba
exemplafe nalezeny v trusu skotu.
Vyskytuje se na exkrementech hovéziho dobytka, v minulosti vzadcny druh (KOCAREK
1997). Nové nalezy v poslednich dekddach nasvédcuji Sifeni tohoto drabcika (KONVICKA
2010). V CS klasifikovan jako ohrozeny (BOHAC et al. 2005).

V piedlozeném ¢lanku uvadime z Jesenického regionu (pohoii Hrubého Jeseniku
a blizké okoli) celkem 26 ekologicky nebo faunisticky vyznamnych druhi brouku, z toho je
21 uvedeno v Cerveném seznamu bezobratlyjch CR (FARKAC et al. 2005). Mezi kriticky
ohrozené jsou =zatazeny 3 druhy (dphodius bilimeckii, Ceruchus chrysomelinus
a Cornumutila quadrivittata), mezi ohrozené 6 druh (Ctenicera virens, Diacanthous
undulatus, Emus hirtus, Odonteus armiger, Oryctes nasicornis a Rhopalopus ungaricus),
mezi zranitelné 5 druhtt (Carabus variolosus, Cicindela germanica, Gnorimus nobilis,
Meloe rugosus a M. violaceus) a mezi téméf ohrozené je zafazeno 7 druhti (Buprestis
rustica, Carabus cancellatus, C. irregularis, Pogonocherus ovatus, Pterostichus rufitarsis,
Silpha tyrolensis a Trichius fasciatus).

Podékovani. Autofi deékuji Monice Mazalové (Olomouc) za kritické pfipominky k textu a Jifimu
Vavrovi (Ostrava) za cenné rady pii tvorbé rukopisu.

BALTHASAR V. 1956: Brouci listorozi — Lamellicornia. Dil I. Pleurosticti. Fauna CSR 8. NCSAV, Praha, 288 pp. —
BILY S. 1989: Krascoviti, Buprestidae. Zoologické kli¢e. Academia, Praha, 111 pp. — BOHAC. J., MATEJICEK J.
& ROUS R. 2005: Staphylinidae (drabé&ikoviti). In: FARKAC J., KRAL D. & SKORPIK M. (eds.): Cerveny seznam
ohrozenych druhti Ceské republiky. Bezobratli. Agentura ochrany pfirody a krajiny CR, Praha, pp. 435-449. —
FARKAC J., KRAL D. & SKORPIK M. (eds.) 2005: Cerveny seznam ohrozenych druht Ceské republiky. Bezobratli.
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Agentura ochrany piirody a krajiny CR, Praha, 760 pp. — GERHARDT J. 1910: Verzeichnis der Kifer Schlesiens
preusischen und Osterreichischen Anteils, geordnet nach dem Catalogus Coleopterum Europae vom Jahre 1906.
Dritte neubearbeite Auflage. Verlag von Julius Springer, Berlin, 431 pp. — HURKA K. 1996: Carabidae Ceské
a Slovenské republiky. Kabourek, Zlin, 565 pp. — HAVA J. & RUZICKA J. 1997: Faunistic records from the Czeh
Republic — 58. Coleoptera: Silphidae. Klapalekiana, 33: 6. — JELINEK J. 1993: Check-list of Czechoslovak Insects
IV (Coleoptera). Seznam eskoslovenskych broukt. Folia Heyrovskyna, Suppl. 1: 3-172. — JURENA D., TYR V.
& BEZDEK A. 2008: Piispévek k faunistickému vyzkumu listorohych broukd (Coleoptera: Scarabaeoidea)
na izemi Ceské republiky a Slovenska. Klapalekiana, 44(Suppl).: 17-176. — KOCAREK P. 1996: Piispévek
k rozsiteni Silpha tyrolensis Laicharting, 1781 (Coleoptera, Silphidae) v Jesenikach (Ceska republika). Casopis
Slezského Muzea Opava (A), 45: 51-54. — KOCAREK P. 1997: K vyskytu Emus hirtus na uzemi Ceské republiky
(Coleoptera: Staphylinidae). Klapalekiana, 33: 185-186. — KONVICKA O. 2010: Ptispévek k faunistice brouku
(Coleoptera) Valasska (vychodni Morava, Ceska republika). Acta Carpathica Occidentalis, 1: 3-12. — KRAL D.
2005: Scarabaeoidea (listorozi). In: FARKAC J., KRAL D. & SKORPIK M. (eds): Cerveny seznam ohrozenych druhti
Ceské republiky. Bezobratli. Agentura ochrany piirody a krajiny CR, Praha, pp. 453-455. — LAIBNER 2000:
Elateridae Ceské a Slovenské republiky. Kabourek, Zlin, 292 pp. — LETZNER K. 1885: Verzeichniss der Kifer
Schlesiens. Zeitschrift fiir Entomologie der Verein fiir schlesische Insektenkunde zu Breslau, 10(1885): 1-68,
11(1886): 69-148, 12(1887): 149-180, 13(1888): 181-236, 14(1889): 237-284. — MALEC B. 1976: Tesafikoviti
v Chranéné krajinné oblasti Jeseniky (Cerambycidae, Coleoptera). Zpravy Ceskoslovenské Spole¢nosti
Entomologické, CSAV, 12: 93-97. — REITTER K. 1870: Uebersicht der Kifer-Fauna von Mihren und Schlesien.
Verhandlungen des Naturforschenden Vereines, Briinn, 8(2): 1-195. — REJZEK M. 2005: Cerambycidae
(tesatikoviti). In: FARKAC J., KRAL D. & SKORPIK M. (eds): Cerveny seznam ohrozenych druhti Ceské republiky.
Bezobratli. Agentura ochrany piirody a krajiny CR, Praha, pp. 530-532. — SLAMA M. E. F. 1998: Tesafikoviti —
Cerambycidae Ceské republiky a Slovenské republiky (Brouci — Coleoptera). Milan Slama, Krhanice, 383 pp. —
RUZICKA J. 2005: Silphidae (mrchozroutoviti). In: FARKAC J., KRAL D. & SKORPIK M. (eds): Cerveny seznam
ohrozenych druhti Ceské republiky. Bezobratli. Agentura ochrany piirody a krajiny CR, Praha, pp. 429-430. —
SABOL O. 2010: Piispévek k rozsiteni chrobaka ozbrojeného Odonteus armiger (Coleptera, Scarabaeoidea)
na severni Morav¢. Acta Musei Beskidensis, 2: 196-197. — SPITZER L. & KONVICKA O. 2010: Rozsifeni stfevlika
Carabus variolosus, Fabr. (Coleoptera: Carabidae) na Valaisku (okres Vsetin, Ceska republika) s poznamkami
k jeho biologii. Casopis Slezského Muzea Opava (A), 59: 59-70. — STANOVSKY J. & PULPAN J. 2006: Stievlikoviti
brouci Slezska (severovychodni Moravy). Muzeum Beskyd, Frydek-Mistek, 159 pp. — SZOPA R. 2002: Ptispévek
k poznani tesafikovitych (Coleoptera: Cerambycidae) Jablunkovské brazdy a blizkého okoli. Klapalekiana, 38: 63-
83. — SKORPIK M. 2005: Buprestidae (krascoviti). In: FARKAC J., KRAL D. & SKORPIiK M. (eds): Cerveny seznam
ohrozenych druhti Ceské republiky. Bezobratli. Agentura ochrany piirody a krajiny CR, Praha, pp. 464-468. —
VAVRA J. 2003: Brouci (Coleoptera) NPR Pradéd (Pfehled dosavadnich poznatkli o fauné broukl (Coleoptera)
NPR Pradéd a nejbliziiho okoli). [ms.]. Depon in: Sprava Chranéné krajinné oblasti CR, Jesenik-Bukovice, 31 pp.
— VAVRA J. CH. 2005: Elateridae (kovatikoviti). In: FARKAC J., KRAL D. & SKORPIK M. (eds): Cerveny seznam
ohrozenych druhti Ceské republiky. Bezobratli. Agentura ochrany piirody a krajiny CR, Praha, pp. 469-773. —
VAVROUSEK J. 1980: Stievlikoviti v Chranéné krajinné oblasti Jeseniky (Coleoptera, Carabidae). Entomologicky
Zpravodaj, Ostrava, 10(2): 35-40. — VAVROUSEK J. 1983: Strevlikoviti a kovarikoviti v Chranéné krajinné oblasti
Jeseniky (Coleoptera-Carabidae, Elateridae). Zpravy Ceskoslovenské Spole¢nosti Entomologické, CSAV, 19(3):
95-104. — VESELY P., MORAVEC P. & STANOVSKY J. 2005: Carabidae (stievlikoviti). In: FARKAC J., KRAL D. &
SKORPIK M. (eds): Cerveny seznam ohrozenych druhii Ceské republiky. Bezobratli. Agentura ochrany piirody
akrajiny CR, Praha, pp. 406-411. — VOLAK J. 1947: Pokus o zoogeografické zpracovani Carabid Jesenikii.
Entomologické Listy, 10: 65-74. — VRABEC V. 2003: Rozsiteni druhu Meloe rugosus (Coleoptera: Meloidae)
v CR. In: BRYJA J. & ZUKAL J. (eds.): Zoologické dny Brno 2003, Sbornik abstraktii z konference 13.-14. tnora
2003, Ustav biologie obratlovett AV CR: 101. — VRABEC V. 2005: Meloidae (majkoviti). In: FARKAC J., KRAL D.
& SKORPIK M. (eds.): Cerveny seznam ohrozenych druhti Ceské republiky. Bezobratli. Agentura ochrany piirody
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Abstract: We concentrated on gathering entomological works focused on the Pradéd National
Natural Reserve (NNR) to the end of 2010. The bibliography comprises 433 published and
unpublished works that deal with insect fauna of the Pradéd NNR. The titles have originated from the
years 1819-2010. Almost the same number of studies has been devoted to Coleoptera (100) as to
Lepidoptera (97) and Diptera (102). The remaining 134 papers deal with other groups of insects.
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Introduction

The present bibliography summarizes existing published and unpublished works that
focus on the insect fauna of the Pradéd National Natural Reserve (Pradéd NNR). The
bibliography includes all available significant sources up to the end of 2010.

The Pradéd NNR protects the most valuable natural phenomena of the Hruby Jesenik
mountain range, in other words, the whole of the High Sudetes. The reserve was created by
the fusion of separate protected areas in 1991 and with the present area of 2031 hectares it is
the largest National Nature Reserve in the Czech Republic (Schmidtova et al. 2009).

The altitudinal and geomorphologic heterogeneity of the area supports biodiversity (Jenik
1998), including invertebrates. The uniqueness of the insect communities of the Pradéd NNR
is given by the geographical position and isolation of the mountains, by the presence of the
Velka and Mala Kotlina cirque that are rich in flora, by naturally developed timberline and by
postglacial absence of dwarf pine (Kuras et al. 2009). Nevertheless, a comprehensive
overview of entomofauna is still lacking. Therefore, the goal of this text is to summarize
entomologically aimed works that include significant data on fauna in the Pradéd NNR. The
authors added known, unpublished studies to the main publication overview, yet its list needs
to be taken only informatively.

The bibliography represents an important initial information source that should rationalize
and increase the efficiency of a future faunal research in the region. In its content it follows up
the previous, less known bibliographies (see Laus 1901, 1928; Syniawa 2006).

Methods

The presented bibliography includes both published and available unpublished materials and studies aimed
at insect fauna of the Pradéd NNR. The main criteria for inclusion were defined as follows: (a) there is
significant amount of faunistic records in a study, (b) a work includes taxonomic description of a species from
the Pradéd NNR, (c) a work provides a record of a new species for the Czech Republic/Moravia/Silesia, or,
finally, (d) a study is valuable for bringing important ecological knowledge of species or their communities.

Area of interest

We have attempted to compile a list of studies from the region approximately defined by the borderline of
the Pradéd NNR. Nevertheless, many of older studies come from a period preceding the declaration of the NNR.
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Therefore, we included all relevant papers on Pradéd (= Altvater, Altvatergebiet), summits of the Jeseniky
mountains (Kdmme des Gesenkes) etc.

Abstracted information sources

The works included in the bibliography comprise mainly studies published in regional journals (e. g.
Zeitschr. Entomol. Ver. Schles. Insekt., Ubers. Arb. Ver. Schles. Ges. Vaterl. Kult., Cas. Slez. Muz. Opava (A),
etc.) and unpublished documents and final reports deposited at the administration office of the Jeseniky
Protected Landscape Area (Jeseniky PLA), or the Nature Conservation Agency of the Czech Republic and at the
Ministry of Environment of the Czech Republic, Prague. Key sources were bibliographies, published up to now,
dealing with the research of natural history in the broader region in general (see Laus 1901, 1928; Syniawa 2006
etc.), or bibliographies comprising the works focused on the particular taxa (Sedivy & Bezdétka 2001, 2002;
Rozkosny 1971; Rozkosny & Vaihara 1988 etc.). The works mentioned above are cited in the final references.
At the same time, regional entomologists were invited to supplement the bibliography.

Considering the disproportional number of studies concentrated on individual taxa, we divided the
bibliography into four sections: Lepidoptera, Coleoptera, Diptera and “other insect orders” (the less common
groups of insects according to number of publications dealt with). In case of more complex works concerning
more than one insect order we organized them in the “other insect orders” section. The unpublished works are
always put at the end of each bibliography section. There is a brief mention of the most important findings from
the ecofaunistic or conservation-biological point of view in the text for each of the four defined groups.

Results

The presented bibliography consists of 433 studies in total. They have been written over
the span of nearly two centuries, from 1819-2010. Almost the same numbers of studies have
been devoted to Coleoptera (100) as to Lepidoptera (97) and Diptera (102). The remaining
134 papers deal with other groups of insects. The trends in interests of the expert
entomological public to investigate in the Pradéd NNR are depicted in Fig. 1.

Basic faunistic research in the Pradéd NNR has a very long history compared to other
regions of Central Europe. This is probably a consequence of mountains attractiveness. On
the other hand, the proximity of Wroclaw University in Poland probably played an important
role as well.

During the postwar era a research was implemented mostly by experts from the regional
museums (in Opava, Ostrava, Olomouc, Brno and Prague), due to the universities in Olomouc
and Ostrava and through the base of non-professionals united through the Czech
Entomological Society, or due to the Regional Entomological Club in Ostrava.

Fig. 1 depicts research of the region in the first half of the 20™ century focused mainly on
insect groups attractive to collectors (i.e. beetles and butterflies). Number of papers dealing
with other taxa is minimal. While research intensity of attractive groups of insects was stable
for the most of the 20™ century, there was an increase of interest in neglected groups during
the second half of the 20™ century (i. e. Diptera, Heteroptera, Hymenoptera etc.).

As to the content of individual works, we may cover a few points. At the outset of
faunistic research, the findings brought several comprehensive studies crucial for later
faunistic investigation (see works by Pax, Letzner, Wocke and others). These studies were of
very high quality at that time and were not repeated later. The qualitative turning point was
the Second World War followed by displacement of German speaking inhabitants and
restructuring of specialized institutions. In the post-war period the area research significantly
shifted toward a non-professional base. A number of partial studies and reports were
published, but their comprehensive evaluation is missing. A recovery of scientific work in the
region came later in the 20™ century. Nowadays, there are investigations in the field of
conservation biology, implemented in the Pradéd NNR (see Konvicka et al. 2002; Kuras et al.
2000, 2001, 2003; Kasak a Kuras 2006, 2007 and others).
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Fig. 1: Time trends in the interest of an entomological investigation in the Pradéd NNR.

Lepidoptera

Scientific research focused on butterflies and moths of the Pradéd Mt. and its environs has
a long tradition reaching back to first decades of the 19" century (Koschatzky 1819). Yet the
study mentioned above does not deal only with butterflies. In the course of nearly two
centuries there have been a number of papers devoted to the butterflies of the Pradéd NNR.
The first localized data were completed by Wocke in the middle of the 19" century. The
records come mainly from the Svycéarna chalet and the surroundings of the Maly Déd (Wocke
1848, 1850), from the border area of historic countries Moravia and Silesia. Wocke continued
on regular field trips in the following years and he summarized his findings in two volumes of
“Verzeichniss der Falter Schlesiens” (Wocke 1872, 1874). These works became the
fundamental material for the subsequent systematical faunistic research of the region.

There were also other German entomologists who contributed to early knowledge of the
butterflies of Pradéd’s Silesian area (see Assmann, Neustddt, Petry). The first attempt for a
detailed overview of Pradéd’s lepidopteran fauna was made by Kolenati (1859) in “Fauna des
Altvaters (hohen Gesenkes der Sudeten)”. Skala (1912, 1913, 1931) summarized in broader
context the knowledge of lepidopteran fauna for Moravia (including the Moravian part of the
Pradéd massif). Wolf (1927, 1935) compiled a similar prodromal overview for Silesia, where
he listed findings from the Silesian side of the interest area. We can mention only partial
studies from the pre-war and inter-war periods that are focused especially on the broader area
and that mention the Pradéd lepidopteran fauna only marginally (Skala 1923, 1924, 1942;
Hein 1928-29).

In the post-war era the systematical biological research of Silesia and adjacent part of
Moravia diminished. One of the exceptions is the commented overview of Pradéd’s peak
butterflies (Povolny & Gregor 1950). Komarek (1949), Novak & Moucha (1955) and Zaviel
(1955, 1960) delivered results from occasional visits to the mountains. A recovery of the
faunal research in the Hruby Jesenik Mts. did not come until the 1970s. In this context the
work of Kudla (1970) “Macrolepidoptera Hrubého Jeseniku” becomes significant.

Foundation of the Entomological Club by the Regional Station of Young Scientists in
Ostrava-Poruba was a crucial moment. Its main task was an entomological research of the
former North Moravian District and publishing the Entomological Newsletter (see Vanék
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1981; Janovsky et al. 1985; Stiova 1973, 1984, 1988). Partial faunistic findings about
individual species can be derived from short faunistic reports (see Stary 1973) or from studies
focused on different topics which contained also lepidopteran findings (Bure§ 1993, 1994;
Karisch 1995).

During the last decade several papers were written primarily on ecology and faunistics of
two significant mountain species, Sudeten Ringlet (Erebia sudetica) and Mountain Ringlet (E.
epiphron) (Kuras et al. 2001 a, b; 2003). Another work is devoted to relict boreal tortrix moth
Sparganothis rubicundana (Kuras & Helova 2002). Kuras et al. (2009) recently summarized
lepidopteran findings in the Pradéd NNR and noted the occurrence of 526 butterfly species.
Out of a number of faunistically important species, bagworm Epichnopterix sieboldi, montane
or subalpine tortrix moth Clepsis steineriana or grass-miner moth Elachista sp. (cf. humilis)
with an unclear taxonomic status, should be mentioned. On the other side, both specially
protected species of Parnassius are regionally extinct. Kolenati (1859) found P. apollo in
Velka Kotlina, but the last populations of the species became extinct around the turn of the
20" century, according to Konvic¢ka and Benes (2002). The nearest recent occurrence of P.
mnemosyne has been confirmed in Kouty nad Desnou (Kuras & Konvicka 2002).

Coleoptera

Similar to butterflies, the beetle research of the Hruby Jesenik Mts. was initially focused
on the highest sites of the mountains. The oldest studies were carried out approximately
during middle of the 19™ century. The first work is a list of rare beetles occurring in the area —
“Seltene Kdfer aus Altvatergebirge oder Gesenke” (Letzner 1841). In the following decades
both Letzner and Kolenati visited Jeseniky repeatedly and published more data in studies
dedicated to the Pradéd massif (Letzner 1855; Kolenati 1859) or in an overview of Silesian
beetles (Letzner 1885-1889, 1891). A very important work with a number of findings from
Pradéd is Reitter’s “Ubersicht der Kdifer-Fauna von Mihren und Schlesien” (1870).
Letzner’s and Reitter’s studies are the base for next coleopterological research in the area of
interest. The result of long-term scientific activity in the area, associated mainly with the
Wroclaw Entomological Club, was the comprehensive commented overview of beetles of
Silesia (Gerhardt 1910), that includes most of the faunistic records of beetles from the Pradéd
area gained during the 19" century.

The Sudetes were in the centre of entomological interest until the Second World War. As
to Coleoptera in the Pradéd region, the most prolific author in terms of the number of
publications was Kolbe (1907-1931). Other significant authors were Wanka (1915), Hudecek
(1930) and also Fleischer with his extensive piece of work “Piehled fauny Ceskoslovenské
republiky” (1927-1930). There was a decline of research in the interest area with the onset of
the Second World War and the subsequent displacement of German speaking inhabitants.
Therefore, we have only partial data from the area (Fassati 1946, 1949; Kudla 1949; Tesar
1953; 1957 and Heyrovsky 1959). Exceptions are the comprehensive faunistic overview by
Horion (1941) and the zoogeographical elaborate on ground beetles (Carabidae) of the
Jeseniky (Volak 1947).

A revival of scientific research in the Pradéd NNR did not occur until the 1970s. Studies
concentrated on particular groups of the order have emerged. After the Jeseniky PLA was
declared on 19" June 1969, families of longhorn beetles (Cerambycidae) (Malec 1976),
ground beetles (Carabidae) (Vavrousek 1980, 1983) and click beetles (Elateridae) (Vavrousek
1983) have been gradually worked on. An integral part of the works is also a number of
findings focusing on the area of the present-day Pradéd NNR.

In the following period (approx. from 1990s) numerous studies referring to the occurrence
of ecofaunistically important species were published (e.g. Boha¢ 1988; Cizek et al. 1991;
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Strejcek 1993; Kocarek 1996; Vesely & Tétal 1998; Jutena et al. 2000; Vesely et al. 2002).
Out of recent studies which significantly contribute to the knowledge of the ground beetle
fauna, the publication “Steviikoviti brouci Slezska a severovychodni Moravy“ by Stanovsky
& Pulpan (2006) should be mentioned. A new trend in the research area are also the
conservation-biological studies that deal with the impact of allochthonous dwarf pine or of
tourist activity on the unique subalpine tundra (Vondiejc 1997; Kasdk & Kuras 2006, 2007).
There have also been efforts to compile a complete beetle list of the most valuable areas in the
Jeseniky PLA. Until now, the most complete unpublished beetle inventory of the Pradéd NNR
was compiled by Vévra (in litt.).

The past 170 years of beetle research in the summit area of the Hruby Jesenik Mts.
enables us to emphasize the quality and the significance of the territory for the group of
interest. Until now the occurrence of over 750 species of beetles from the Pradéd NNR and its
close surroundings has been recorded and at least 60 of them are classified in the Red List
(Vavra 2003; Farkac et al. 2005; Stanovsky & Pulpan 2006; Kasak 2009). The main ridge of
the Hruby Jesenik massif is also the only known locality in the Czech Republic for several
species. Those are for example rove beetle Gabrius tyrolensis relict weevil Ranunculiphilus
pseudinclemens, leaf beatle Smaragdina diversipes, boreo-montaneous Aphodius bilimeckii,
rare longhorn beetle Cornumutila quadrivittata associated with endangered climax spruce
forests or ground beetle Paradromius ruficollis which was found in our country only in the
Velka Kotlina cirque. From what was mentioned above it is apparent that the Pradéd massif
and its vicinity are very important locations for beetle biodiversity in the Central-European
context.

Diptera

Research of the order Diptera took a different course in contrast to the two above
mentioned groups. Kolenati brought the first faunistic data in a series of four extensive works
dedicated to entomofauna of the summit zone of the Hruby Jesenik Mits. as early as in the 19™
century (1859-1862). However, the first work strictly focused on Diptera is Loew’s overview
of Silesian Chlorops species (1861). This study remained unique for following four decades,
until, at the beginning of the 20" century, Czizek published three works where he summarized
reports on dipteran faunistic findings in Moravia (Czizek 1907, 1908, 1909a). In the latter
work he primarily focused on dipteran fauna of the Pradéd area, namely its cirques (Czizek
1909b).

Not even Czizek’s research had any followers in the inter-war era. Due to the previously
mentioned socioeconomic changes in the post-war period the dipterological research
stagnated. It recovered at the beginning of the 1960s when local (Knoz 1963) or regional
overviews of selected families (Chvéla 1961, 1962) were compiled. In the next decades the
dipterological research was developing mainly thanks to Moravian taxonomists Stary and
Rohacek, who very substantially contributed to the knowledge of dipteran fauna of Hruby
Jesenik.

Apart from the most famous names it is necessary to mention the works of Skuhrava
(1964, 1981, 1982) aimed at the gall midge (Cecidomyidae), Lauterer (1981-2009), who
mainly studied the parasitic big-headed flies (Pipunculidae), Tusa, who wrote about the net-
winged midges (Blepharicidae) and water snipe-flies (Athericidae), groups developing in
flowing waters (1984 —1994), and later also the studies of Sev¢ik (1999-2010) devoted
mainly to the fungus gnats (Mycetophilidae).

Diptera belongs to lesser investigated groups from the viewpoint of their ecological
demands and the conservation status of particular species. Yet we can mention many
significant representatives, found in the area of interest. The alpine element is represented by
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the species as Norellisoma alpestre (Scatophagidae), found in the Velka Kotlina cirque for the
first time ever in Moravia, Copromyza montana (Sphaeroceridae), a species partly described
on the base of the specimens from Velka Kotlina, or Dactylolabis subdilatata (Limoniidae),
described from the same locality, later found on more localities in the broader area of the
Jeseniky Mts. On the other hand, the arcto-alpine element is represented, for example, by two
species of lesser dung flies, Crumomyia pruinosa and C. setitibialis (Sphaeroceridae),
circumpolar species, rarely found in the Central European mountains.

Although a comprehensive study on dipteran fauna of the Pradéd NNR is still lacking,
there is a number of groups of the species-rich order Diptera, that have been in the centre of
entomologists” interest in the last decades.

Other insect orders

In this section we summarize publications and unpublished reports aimed at all other
insect orders, including the most species-rich order in the Czech Republic — Hymenoptera.
The reason for this division is mainly the comparable amount of collected works in sections.
This enabled clear presentation of research activity trends in the graph. The most numerous
publications in the range of the artificial group “Other insect orders” are pieces dealing with
the orders Hemiptera — 42 works, Hymenoptera — 23 works and Odonata — 12 works. Other
taxa got significantly less attention.

The oldest study from the region by Koschatzky was published as early as in 1819. From
the middle of the 19" century the authors mentioned below contributed to the knowledge of
Pradéd and fauna in its vicinity, namely Kolenati (1859-1862) and Wocke (1848-1850). A
steady growing interest in entomofauna of the region is dated from the last two decades of the
19" century, and as to the publication numbers, it escalated between 1991 and 2010.

The most prolific author who substantially contributed to the knowledge of Hemiptera
diversity of the region is Lauterer, publishing in the course of the past 50 years (1958 —2010).
Further significant authors are Dobsik, who focused mainly on true bugs (Heteroptera)
between 1951 and 1983 and Stehlik (1952—-1998). On the contrary, the confirmation of
Stehlik’s finding (1947) of the true bug Pithanus hrabei, a new species for the science then,
but not confirmed until June 2010 is recent (Lacina 2010). An important species of Hemiptera
is also the relict Diplocolenus sudeticus, endemic for the border area of Poland and the Czech
Republic.

Dittrich contributed to the advance of the knowledge of Hymenoptera at the beginning of
the 20" century with studies on Silesian bees (Apidae) and on Symphyta (1903a, 1903b,
1905). Kratochvil (1949) compiled an overview of the Jeseniky ants (Formicoidea), Kula
worked on the same group between 1980 and 1985. The most interested in the group is
Bezdécka, who aside from his publications wrote a number of myrmecological inventory
researches in the interest area (1982—2009). Recently, there has been published a record on
the presence of the endangered Barbut’s cuckoo-bee Bombus barbutellus (Piidal &
Komzakova 2009), which is the first confirmed presence in Moravia. The work of Mazalova
et al. (2009) and Mazalova & Kuras (2010) provide a complete list of bumblebees and cuckoo
bumblebees of the Pradéd NNR including notes on their food ecology.

Dragonfly fauna of the Pradéd region was studied mainly by Schubert in the 1930s.
Holusa (1995-2000) and Dolny (2005-2007) published a number of works later. Because of
its character, the region of the Jeseniky ridge is not very rich in Odonata. For small
ombrotrophic and transitional peatbogs on summits and in their saddles the presence of
specialized species that can tolerate only small changes in environmental conditions is typical.
Boreomontaneous alpine emerald (Somatochlora alpestris), mentioned from Pradéd as early
as by Kolenati (1859), is one of them. HoluSa with Dolny then confirmed the presence of the
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latter dragonfly and found additional species (e. g. Aeshna juncea) on the peatbog at the Maly
Déd Mt., Velky M4j Mt. and in the saddle near the Barborka chalet.

BIBLIOGRAPHY OF LEPIDOPTERA

Assmann A. (1851): Berichtigung und Ergénzung der schlesischer Lepidopteren-Fauna. — Zeitschr. Entomol.
(Breslau), 5: 67-78.

— (1852): Erste Nachtrag zur Schlesischen Lepidopteren-Fauna. — Zeitschr. Entomol. (Breslau), 6: 89-94.

Benes J., Helova S. & Konvic¢ka M. (2000): Faunistic records from the Czech Republic — 92. Lepidoptera:
Tortricidae. — Klapalekiana, 36: 6.

Bene§ J. & Konvi¢ka M. (eds.) (2002): Motyli Ceské republiky: Rozsifeni a ochrana I., II. 857 pp.,
Spole¢nost pro ochranu motyli, Praha.

Benes§ J., Kuras T. & Konvicka M. (2000): Assemblages of mountainous day-active Lepidoptera in the
Hruby Jesenik Mts., Czech Republic. — Biologia (Bratislava), 55: 159-167.

Borkowski A. (1966): Erebia epiphron silesiana M.-D. (Lepidoptera, Satyridae) aus dem Reisengebirge. —
Pol. Pismo Entomol., 36: 85-96.

Bryk F. (1914a): Neue Parnassier fiir den Junk'scke Katalog. — Int. Entomol. Z., 8: 35-36.

— (1914b): Ueber den bohmischen Schwarzweissapollo. — Lotos, 62: 153-155.

—(1935): Parnassiidae pars II. (Subfam. Parnassiinae). 790 pp., Walter de Gruyter & Co., Berlin und Leipzig.

Cupedo F. (1996): Die morphologische Gliederung des Erebia melampus-Komplexes, nebst Beschreibung
zweier neuer Unterarten: Erebia melampus semisudetica ssp. n. und Erebia sudetica belladonnae ssp. n.
(Lepidoptera, Satyridae). — Nota lepid., 18: 95-125.

Cerna K. & Kuras T. (2006): Spolegenstva heliofilnich motylii alpinské tundry Vysokych Sudet v kontextu
teorie ostrovni biogeografie. In: Bryja J. & Zukal J. (eds.): Zoologické dny, Brno 2006. Sbornik abstraktt z
konference 9.-10. tnora 2006, p. 76, AV CR, Brno.

Cizek O., BekeSova A., Kuras T., Bene§ J. & Konvi¢ka M. (2003): Vacant niche in alpine habitat: the
case of an introduced population of the butterfly Erebia epiphron into the Krkonose Mountains. — Acta
Oecol., 24: 15-23.

Gregor F. & Povolny D. (1947): Ptispévky k poznani Lepidopter Jesenikti I. — Entomol. listy, 10:87-93.

Hein S. (1928-1929): Beitrag zur Kenntnis der Macrolepidopteren-Fauna Mihrens. — Zeitschr. Osterr. Entomol.
Ver., 13: 96-100, 107-108, 14: 10-12, 22-23, 34-36, 44-48, 66-68, 76, 82-84, 89-91, 125-126.

Horak A. (1979): Pidalky Sumperska (Lepidoptera, Geometridae). — Cas. Slez. Muz. Opava, 28: 59-67.

Janovsky M. & Gottwald A. (1979): Pozoruhodné nalezy Lepidopter pro CSSR 2. — Zpravy Cs. Spol.
Entomol. CSAV, 15: 97-103.

Janovsky M., Kavka K. & Sitek J. (1985): Pidalky (Geometridae, Lep.) v Severomoravském kraji (¢tvrty
doplngk k ¢lanku v EZ €. 5/1981). — Entomol. Zpravod. (Ostrava-Poruba), 15 (2): 26-28.

Janovsky M., Kavka K., Sitek J. & Vacula D. (1985): Muroviti (Noctuidae, Lep.) v Severomoravském
kraji (paty doplnek k ¢lanku v EZ €. 5/1980). — Entomol. Zpravod. (Ostrava-Poruba), 15 (2): 28-31.

Karisch T. (1995): Die Schmetterlinge der Fichtenwilder des Hochharzes (Insecta: Lepidoptera). — Faun. Abh.
Mus. Tierkd. (Dresden), 20 (7): 89-132.

Kaspar A. (1908): Beitrdge zur Tagfalterfauna Nordméhrens. — Mitt. Komm. Nat. Durchforsch. Méahrens, Zool.
Abt., 12: 1-15.

Komarek O. (1949): Nékolik zajimavéjsich nalezti dennich motyla v okoli Kralického Snézniku. — Cas. Cs.
Spol. Entomol., 46: 77.

Konvicka M., Benes J. & Kuras T. (2002): Behaviour and microdistribution of two sympatric alpine butterflies
(Erebia epiphron and E. euryale): relation to weather, vegetation and time of day. — Biologia (Bratislava), 57:
223-233.

Kudla M. (1970): Macrolepidoptera Hrubého Jeseniku. — Prace Oboru Piirod. Véd V1. Ust. Olomouc, 19: 1-15.

Kudrna O. (1994): Kommentierter Verbreitungsatlas der Tagfalter Tschechiens. — Oedippus, 8: 1-137.

Kuras T. (2009): Motyli (Lepidoptera) Narodni pfirodni rezervace Pradéd (CHKO Jeseniky): piehled stavu
znalosti, implikace v ochran€ uzemi. In: Dyma M. (ed.): IX. Svatovaclavské Cesko-polsko-némecké setkani
v Jeseniku 2009. Sbornik referatt z P¥irodovédného seminafe na téma Ziva piiroda na Jesenicku — historie
zoologickych vyzkumd, pp. 30-35, Vlastivédné muzeum Jesenicka, Jesenik.

Kuras T. & Helova S. (2002): Relict occurrence of the leaf-roller Sparganothis rubicundana in Central
Europe (Lepidoptera, Tortricidae). — Cas. Slez. Muz. Opava (A), 51: 199-204.

Kuras T. & Konvicka M. (1999): Reliktni borealni obale¢ Sparganothis rubicundana v Hrubém Jeseniku. —
Ziva, 47: 217-218.

29



— (2002): Recent record of the Clouded Apollo, Parnassius mnemosyne in Hruby Jesenik Mts., Northern
Moravia. — Cas. Slez. Muz. Opava (A), 51: 183-184.

Kuras T., Benes§ J. & Konvicka M. (2000): Differing habitat affinities of four Erebia species (Lepidoptera:
Nymphalidae: Satyrinae) in the Hruby Jesenik Mts., Czech Republic. — Biologia (Bratislava), 55: 163-169.
Kuras T., Bene§ J., Celechovsky A., Vrabec V. & Konvi¢ka M. (2000): Parnassius mnemosyne
(Lepidoptera: Papilionidae) in North Moravia: review of present and past distribution, proposal for

conservation. — Klapalekiana, 36: 93-112.

Kuras T., Benes J., Fric Z. & Konvicka M. (2003): Dispersal patterns of endemic alpine butterflies with
contrasting population structures: Erebia epiphron and E. sudetica. — Popul. Ecol., 45: 115-123.

Kuras T., Benes$ J., Konvicka M. & Hon¢ L. (2001): Life histories of Erebia sudetica sudetica and E.
epiphron silesiana with description of immature stages (Lepidoptera: Nymphalidae: Satyrinae). — Atalanta,
32:129-138.

Kuras T., Konvi¢ka M., Bene§ J. & Cizek O. (2001): Erebia sudetica and Erebia epiphron (Lepidoptera:
Nymphalidae: Satyrinae) in the Czech Republic: review of present and past distribution, conservation
implications. — Cas. Slez. Muz. Opava (A), 50: 57-81.

Kuras T, Sitek J., Liska J., Mazalovd M. & Cerna K. (2009): Motyli (Lepidoptera) narodni pitirodni
rezervace Pradéd (CHKO Jeseniky): implikace poznatk® v ochrané uzemi. — Cas. Slez. Muz. Opava (A), 58:
250-288.

Liska J. (2000): Pokus o srovnani motyli fauny subalpinskych poloh Vysokych Sudet. — Opera Corcontica, 37:
286-290.

Liska J., Lastavka Z., Jaro§ J., Marek J.,, Némy J., Petri M., Elsner G., Skyva J. & Franz J. (2001):
Faunistic records from the Czech Republic — 142. — Klapalekiana, 37: 275-278.

Nagel A. (1903): Neuer Falter fiir Schlesien. — Zeitschr. Entomol. (Breslau), N.F. XVII.

— (1906a): Agrotis conflua vom Altvater. — Zeitschr. Entomol. (Breslau), N.F. XIX.

— (1906b): Erebia euryale vom Altvater. — Zeitschr. Entomol. (Breslau), N.F. VII.

Neustadt A. (1855): Beitrag zu den im Monat Juli um Gréfenberg und am Altvater (in Oestr. — Schlesien)
vorkommenden Falterarten. — Zeitschr. Entomol. (Breslau), pp. 29-36.

Niepelt W. (1912-13): Schlesiens Parnassier. Geschrieben im Sinne Naturschutzes. — Int. Entomol. Z., 6: 259-
261.

Novak I. & Moucha J. (1955): K poznani motylt (Lepidoptera) Slezska. — Pfirod. Sbor. Ostrav. Kraje, 16:
170-181.

Pax F. (1919): Uber das Aussterben der Gattung Parnassius in der Sudeten. — Zool. Annalen, 7: 81-93.

Petry A. (1919): Erebia epiphron Kn. vom Altvater und Brocken. — D. Entomol. Zeitschr. (Dresden), 33: 122-
133.

Povolny D. & Gregor F. (1946): Vietenusky (Zygaenidae Fab.) v zemi Moravskoslezské. — Entomol. ptiruc¢ky
Entomol. listd, 12: 1-100.

— (1950): Prispévky k poznani Lepidopter Jeseniki II. - Pfirod. Sbor. Ostrav. Kraje, 11: 170-183.

Povolny D. & Moucha J. (1956): Studie o vysokohorskych pidalkach rodu Psodos Treitschke 1828 se
zietelem k druhtim v pohotich Ceskoslovenska a k otizkam vzniku druhd v horskych oblastech. — Sbor.
Entomol. Nar. Mus., 30 (1955): 143-179.

Povolny D. & Smelhaus J. (1951): Colias palaeno (L.) ssp. europome (Esp.) ve Slezsku. (Pispévky
k poznani lepidopter Jesenikt III.). — Pfirod. Sbor. Ostrav. Kraje, 12: 402-410.

Rinke V. (1915): Melampus v. sudetica Stgr. aus Waldenburg am Altvater u. Apor. crataegi. — Ver. schles. Ins.
(Breslau), 1915: 12.

Seider L. & Loebel F. (1954): Wissenswertes iiber die Gattung Epichnopterix Hb. (Lep. Psychidae). —
Zeitschr. Wiener Entomol. Gesellsch., 39: 310-327.

Schindler O. (1914): Meine Exkursion nach Osterreich.-Schlesien (Altvatergebirge). — Entomol. Zeitschr., 28:
35-36, 38-40.

Schmitt T., Cizek O. & Konvi¢ka M. (2005): Genetics of a butterfly relocation: large, small and introduced
populations of the mountain endemic Erebia epiphron silesiana. — Biol. Conserv., 1: 11-18.

Sitek J. (2000): Faunistic records from the Czech Republic — 120. — Klapalekiana, 36: 323-324.

Skala H. (1912-1913): Die Lepidopterenfauna Mahrens I, II. — Verh. Naturforsch. Ver. Briinn, 50: 63-241, 51:
115-377.

—(1923-1924): Beitrag zur Lepidopterenfauna Mihrens und &st. Schlesiens. — Zeitschr. Osterr. Entomol.-Ver., 8:
69-74, 82-87, 9: 42-44, 53, 73-75, 80-85, 93-95, 103-105, 114-116.

—(1929): Beitrag zur GroBschmetterlinge Méhrens und Schlesiens. — Entomol. Zeitschr., (Frankfurt a. M.), 42:
261-262,317-320.

— [1931]: Zur Lepidopterenfauna Méhrens und Schlesiens. — Acta Mus. Moraviensis, 30 (1931-1932) (Suppl.):
1-197.

— (1942): Falter aus Méhren und Schlesien. — Zeitschr. Osterr. Entomol.-Ver., 27: 274-277, 289-294.

30



Stary I. (1973): Dasypolia templi v Hrubém Jeseniku. — Zpr. Vlastiv. Ust. Olomouc, 159: 3-5.

Stiova L. (1984): Parnassius mnemosyne (Linnaeus, 1758) na tzemi Cech a Moravy (Lepidoptera,
Papilionidae). — Cas. Slez. Muz. Opava (A), 33: 73-85.

— (1988): Vyskyt okac¢t rodu Erebia (Lepidoptera: Satyridae) v Hrubém Jeseniku. — Cas. Slez. Muz. Opava (A),
37:115-133.

Vane¢k J. (1981): Pidalky — Geometridae — v Severomoravském kraji. — Entomol. Zpravod. (Ostrava-Poruba),
11 (5): 82-95.

Vanc¢k J. & Sitek J. (1983): Pid’alky (Geometridae, Lep.) v Severomoravském kraji (prvni doplnék k ¢lanku v
EZ ¢. 5/1981). — Entomol. Zpravod. (Ostrava-Poruba), 8: 11-13.

Wocke M. F. (1859): II. Lepidoptera. — Jahres-Bericht. d. schles. Gesellschaft f. vaterl. Cultur., pp. 98-101.

— (1872): Verzeichniss der Falter Schlesiens. — Zeitschr. Entomol. (Breslau), 3: 1-86 + I-11.

— (1874a): Verzeichniss der Falter Schlesiens. II Microlepidoptera. — Zeitschr. Entomol. (Breslau) 4: 1
(unpaginated), 1-107 + 1 + I-IV.

— (1874b): Fiir Schlesien neue Lepidopteren. — Jahres-Bericht. d. schles. Gesellschaft f. vaterl. Cultur., pp. 164-
166.

— (1898): Zutrage zur schlesische Lepidopterenfauna. — Zeitschr. Entomol. (Breslau), 23: 30-34.

Wolf P. (1927): Die GroBschmetterlinge Schlesiens. 66 pp., Schlesische Buchdruckerei Karl Vater, Breslau.

—(1935): Die GroBschmetterlinge Schlesiens. Teil 3, Band I, Graph. GroBbetr., Breslau: 161-228.

— (1944): Die GroBschmetterlinge Schlesiens. Teil 3, Band II, Schles. Verlaganst. Karl Klossok, Breslau: 229-
240; 241-256; 257-344.

Zaruba P. (1999): Lepidopterofauna NPR Pradéd. — Ochrana Ptirody., 54: 205.

Unpublished documents:

Benes J. et al. (in litt.): Inventarizaéni prizkum entomologicky, Lepidoptera NPR Pradéd. (Zavére¢na zprava). Sprava

3 CHKO Jeseniky, 1999, Jesenik.

Celechovsky A. (in litt.): Inventariza¢ni faunisticky vyzkum Lepidopter. (Dil¢i zprava). Sprava CHKO Jeseniky, 2001,
Jesenik.

Felix V. (in litt.): Inventarizacni faunisticky vyzkum Lepidopter. (Dil¢i zprava). Sprava CHKO Jeseniky, 1973, 5 pp.,
Jesenik.

Kuras T. (in litt.): Inventarizacni prizkum motyli (Lepidoptera) NPR Pradéd, CHKO Jeseniky. (Zavérecna zprava). Sprava
CHKO Jeseniky, 2003, 41 pp., Jesenik.

Urticart J. (in litt): Inventarizacni faunisticky vyzkum Lepidopter (Dil¢i zprava). Sprava CHKO Jeseniky, 1994, Jesenik.

BIBLIOGRAPHY OF COLEOPTERA

Bechyné J. (1947): Druhy ptispévek k poznani rodu Chrysolina Motsch. Notulae ad cognitionem genesis
Chrysolina Motsch. 11. (Col. Phytophaga, Chrysomelidae). — Entomol. listy, 10: 58-64.

Boha¢ J. (1979): Nové a zajimavé nalezy drab&ikovitych z Ceskoslovenska. — Zpravy Cs. Spol. Entomol., 15:
121-132.

— (1988): Nové a zajimavé nalezy drabcikti podceledi Aleocharinae (Coleoptera, Staphylinidae) v
Ceskoslovensku. — Zpravy Cs. Spol. Entomol., 24: 43-54.

Colonnelli E. & Knutelski S. (2005): Redescription and new records of Ranunculiphilus pseudinclemens
(Dieckmann, 1969), with a key to the species of the genus (Coleoptera: Curculionidae: Ceutorhynchinae). —
Genus (Wroclaw), 16(4): 619-627.

Cizek P. (1987): Prispévek k poznani brouki eledi Chrysomelidae (Coleoptera) v Ceskoslovensku. — Zpravy
Cs. Spol. Entomol., 23: 59-63.

Cizek P., Fornusek R. & Jenis L. (1991): Piispévek k poznani broukt &eledi Derodontidac a Melyridae
Ceskoslovenska (Coleoptera). — Zpravy Cs. Spol. Entomol., 27: 70-71.

Cizek P., Hejkal J. & Stanovsky J. (1995): Piispévek k poznani broukt eledi Chrysomelidae (Coleoptera)
Cech, Moravy a Slovenska. — Klapalekiana, 31: 1-10.

Fassati M. (1946): K otazce vyskytu nékterych horskych Bembidii v Cechach. — Cas. Cs. Spol. Entomol., 43:
65-69.

Fleischer A. (1927-1930): Pichled broukt fauny Ceskoslovenské republiky. 485 pp., Mor. Mus. Zemské, Brno

Gerhardt J. (1891): Fortsetzung und Schluss des K. Letznerschen Verzeichnisses der Kéfer Schlesiens. —
Zeitschr. Entomol. Ver. Schles. Insekt. (Breslau), 16: 349-433.

— (1897): Neuheiten der schlesischen Kéferfauna von 1896. — Zeitschr. Entomol. Ver. Schles. Insekt. (Breslau),
22:11-13.

— (1899): Neue Fundorte seltenerer schlesischer Kéfer aus dem Jahre 1898 und Bemerkungen. — Zeitschr.
Entomol. Ver. Schles. Insekt. (Breslau), 24: 4-14.

31



— (1900): Neue Fundorte seltenerer schlesiseher Kifer aus dem Jahre 1899 und Bemerkungen. — Zeitschr.
Entomol. Ver. Schles. Insekt. (Breslau), 25: 1-9. — (1901): Eine neue Kéferart. — D. Entomol. Zeitschr., 45:
156.

— (1904): Neuheiten der schlesischen Koleopterenfauna aus dem Jahre 1903. — Zeitschr. Entomol. Ver. Schles.
Insekt. (Breslau), 29: 77-78.

— (1906): Eine neue Homalotide Atheta silesiaca n. sp. — Zeitschr. Entomol. Ver. Schles. Insekt. (Breslau), 31:
10-12.

—(1910): Verzeichnis der Kéfer Schlesiens. 431 pp., Verlag von Julius Springer, Berlin.

— (1912): Neue Fundorte seltener schlesischer Coleopteren. — Jh. D. Ver. Schles. Insekt. (Breslau), 5: 7-8.

Heyrovsky L. (1930): Seznam broukii republiky Ceskoslovenské. 1. Cerambycidae. 61 pp., Entomologické
pfiru¢ky 15., Cs. Spol. Entomol., Praha.

— (1936): Tieti ptispévek k poznani skupiny Lepturini. — Cas. Cs. Spol. Entomol., 33: 52-57.

—(1955): Fauna CSR. Cerambycidae. 346 pp., NCSAV, Praha.

Horak J., Mertlik J.,, Chobot K. & Kuban V. (2009): Distribution of rare saproxylic beetle Cucujus
haematodes (Coleoptera: Cucujidae) in the Czech Republic with notes to the occurrence in central Europe. —
Klapalekiana, 45: 191-197.

Horion A. (1935): Nachtrag zu Fauna Germanica. Die Kifer des Deutschen Reiches. 358 pp., Edmund Reitter,
Krefeld.

—(1941): Faunistik der deutschen Kifer. Bd. I : Adephaga-Caraboidea. 463 pp., Edmund Reitter, Krefeld.

Hudecek L. (1930): Brouci — Coleoptera. — Vlastivéda stfedni a severni Moravy (Vlastivéda zupy Olomoucké)
1.: 360-376.

Janak J. (1993): Zajimavé nalezy drab¢iki na Moravé a Slovensku (Coleoptera: Staphylinidae). —
Klapalekiana, 29: 1-17.

Jelinek J. & Pfeffer A. (1984): Faunistic Records from Czechoslovakia. Coleoptera: Helodidae. — Acta
Entomol. Bohemoslov., 81: 305.

Jufena D., Bezd¢k A & Tyr V. (2000): Zajimavé nalezy listorohych brouki (Coleoptera: Scarabacoidea) na
tizemi Cech, Moravy a Slovenska. — Klapalekiana, 36: 233-257.

Kasak J. & Kuras T. (2006): Vliv sjezdovych trati na faunu bezobratlych v NPR Pradéd (CHKO Jeseniky) na
ptikladu epigeickych broukd. In: Bryja J. & Zukal J. (eds.): Zoologické dny, Brno 2006. Sbornik abstrakta
z konference 9.-10. tinora 2006, pp. 95-96, AV CR, Brno.

—(2007): Vliv alochtonni borovice klece (Pinus mugo) na faunu bezobratlych v NPR Pradéd (CHKO Jeseniky):
na piikladu epigeickych broukt. In: Bryja J., Zukal J. & Rehak J. (eds.): Zoologické dny, Brno 2007.
Sbornik abstraktt z konference 8.- 9. Unora 2007, p. 71, AV CR, Brno.

Kocarek P. (1996): Prispévek krozsiteni Silpha tyrolensis Laicharting, 1781 (Coleoptera, Silphidae)
v Jesenikach (Ceska republika). — Cas. Slez. Muz. Opava (A), 45: 51-54.

Kolbe W. (1907): Beitrage zur schlesischen Kéferfauna. — Zeitschr. Entomol. Ver. Schles. Insekt. (Breslau),
32:14-25.

— (1909): Beitrige zur schlesischen Kéferfauna. — Jh. D. Ver. Schles. Insekt. (Breslau), 2: 18-24.

— (1918): Beitrdge zur schlesischen Kéferfauna. — Entomol. Mitt., 7: 200-212.

— (1921): Beitrdge zur schlesischen Kéferfauna. — Entomol. Mitt., 10: 75-82.

—(1931): Beitrdge zur schlesischen Kaferfauna. — Zeitschr. Entomol., 17(2): 8-17.

Kral D. & Vitner J. (1993): Faunistické sitové mapovani listorohych broukt (Coleoptera: Scarabaeoidea)
Ceskoslovenska — vybér vysledkd, ziskanych v 1étech 1989-1990. — Klapalekiana, 29: 25-36.

Kudla M. (1949): K vyskytu vzacného tesatika Cornumutila quadrivittata Gebl. (Letzneria lineata Letz.) ve
Vys. Jeseniku. — Cas. Vlast. Spol. Mus. Olomouc, 58: 1-2.

Kult K. (1947): Kli¢ k uréovani broukt &eledi Carabidae Ceskoslovenské republiky. Entomologické piirucky
20. Cs. Spole¢. Entomol., Praha, 198 pp.

Labler K. & Roubal J. (1933): Seznam broukti republiky Ceskoslovenské. 3. Histeridae. MrStnici.
Entomologické piirucky 17. Cs. Spole¢. Entomol., Praha, 59 pp.

Laibner S. (1975): Rozsifeni druhti rodu Lacon Laporte 1836 (Col., Elateridae) v Ceskoslovensku a stavba
jejich saméich kopulacnich organt. — Prace a studie-Pfir., Pardubice, 6-7: 153-167.

—(1976): The key and the distribution of the genus Sericus Eschscholtz 1829 in Europe and USSR (Coleoptera,
Elateridae). — Acta Mus. Silesiae (A), 25: 19-26.

— (1979): Horizontalni a vertikalni rozsiteni Crenicera heyeri (Saxesen, 1838) v Ceskoslovensku (Col.,
Elateridae). — Entomol. Probl. (Bratislava), 15: 33-39.

Letzner K. (1841): Seltene Kifer aus Altvatergebirge oder Gesenke. — Ubers. Arb. Ver. Schles. Ges. Vaterl.
Kult., 1840: 81.

— (1842): Uber Pterostichus cordatus n. p. und kleinere Mitteilungen. — Ubers. Arb. Ver. Schles. Ges. Vaterl.
Kult., 1841: 100-101.

32



— (1847-1852): Systematische Beschreibung der Laufkéfer Schlesiens. — Zeitschr. Entomol., 1-3(1847-1849): 1-
72, 4(1850): 73-112, 5(1851): 113-186, 6(1852): 187-292.

— (1853): Kiifer-Funde in Schlesien. — Ubers. Arb. Ver. Schles. Ges. Vaterl. Kult., 1853: 176-177.

— (1855): Kiifer aus dem Altvatergebirge. — Ubers. Arb. Ver. Schles. Ges. Vaterl. Kult., 33(1855): 111.

— (1871): Verzeichniss der Kéfer Schlesiens. — Zeitschr. Entomol. Ver. Schles. Insekt. (Breslau), 2: 328 pp.

— (1873): Nachtriige zum Verzeichnisse der Kifer Schlesiens. — Ubers. Arb. Ver. Schles. Ges. Vaterl. Kult., 50
(1872): 187-192.

— (1876): Nachtrage zu seinem Verzeichnisse der Kéfer Schlesiens. — Zeitschr. Entomol. Ver. Schles. Insekt.
(Breslau), 5:20-33.

— (1885-1889): Verzeichniss der Kéfer Schlesiens. — Zeitschr. Entomol. Ver. Schles. Insekt. (Breslau), 10(1885):
1-68, 11(1886): 69-148, 12(1887): 149-180, 13(1888a): 181-236, 14(1889): 237-284.

— (1888b): Zugiinge zur schlesischen Coleopteren-Fauna im Jahre 1887. — Ubers. Arb. Ver. Schles. Ges. Vaterl.
Kult., 65(1887): 344-345.

Lokay E. (1900): Eine neue Leptusa (Col.) vom Altvater-Gebirge. — Wiener Entomol. Z. 19: 77.

Likovsky Z. (1993): Staphylinidae: Aleocharinae. In: Jelinek J. (ed.): Check-list of Czechoslovak Insects 4
(Coleoptera), pp. 52-62, — Folia Heyrovskyana, Suppl. 1: 3-172.

Malec B. (1976): Tesatikoviti v Chranéné krajinné oblasti Jeseniky (Cerambycidae, Coleoptera). — Zpravy Cs.
Spol. Entomol., 12: 93-97.

Matéjicek J. & Bohac¢ J. (2001): Faunistic Records from the Czech Republic — 141. Coleoptera:
Staphylinidae. — Klapalekiana, 36: 271-273.

Mika P. (1996): Faunistic Records from the Czech Republic — 55. Coleoptera: Lathridiidae. — Klapalekiana, 32:
275-2717.

Moravec P. (1986): Piispévek k faunistice stievlikovitych Ceskoslovenska (Coleoptera, Carabidae). — Zpravy
Cs. Spol. Entomol., 22: 21-26.

Nohel P. (1971): Prispévek k faunistice drabéiki ceskoslovenského Slezska (Coleoptera, Staphylinidae). 3.
ptispévek k poznani Coleopter Slezska. — Acta Rer. Natur. Mus. Nat. Slov., 17 (2): 53-75.

Pfeffer A. (1955): Fauna CSR. Sv. 6. Kiirovci — Scolytoidea (Brouci — Coleoptera). 324 pp., NCSAV, Praha.

— (1980): Faunistic records from Czechoslovakia. Coleoptera. Staphylinidae. — Acta Entomol. Bohemoslov.,
77(5): 347.

— (1981): Faunistic records from Czechoslovakia. Coleoptera. — Acta Entomol. Bohemoslov., 78(1): 32.

Plasil P. & Cudlin P. (2006): Management des Borkenkaefers Ips typographus L. im Nationalen
Naturschutzgebiet Praded in der Tschechischen Republik. — Mitt. D. Gesell. Allgem. Angew. Entomol., 15:
167-172.

Reitter E. (1870): Ubersicht der Kéfer-Fauna von Méhren und Schlesien. — Verhandl. Naturforsch. Ver. Briinn,
8 (2) (1869): i-vii + 1-195.

— (1897): Aphodius Deubeli n. sp. aus Siebenbiirgen. — D. Entomol. Zeitschr., 41: 76.

Reska M. (1967): Prispévek k poznani ceskoslovenskych druhit rodu Dromius Bonelli (Coleoptera, Carabidae).
— Acta Rer. Natur. Mus. Nat. Slov., 13 (2): 75-100.

Roger J. (1856): Verzeichnif der bischer im Oberschlesien aufgefundenen Kéferarten. — Zeitschr. Entomol.
(Breslau), 10: 1-132.

Roubal J. (1941): Monografie evropskych a kavkazskych druh@ rodu Denticollis Pill. et Mitterp. (Col.,
Elateridae). — Sbor. Entomol. Oddél. Zem. Mus. Praha, 19: 26-59.

Skoupy V. (2004): Strevlikoviti brouci (Coleoptera: Carabidae) Ceské a Slovenské republiky ve sbirce Jana
Pulpéna. 213 pp., Public history, Praha.

Slama M. E. F. (1998): Tesaiikoviti — Cerambycidae Ceské republiky a Slovenské republiky (Brouci —
Coleoptera). 383 pp., Milan Slama, Krhanice.

Smetana A. (1958): Fauna CSR, svazek 12. Drabéikoviti — Staphylinidae. 1. Staphylininae. (¥d: Brouci —
Coleoptera). 435 pp., NCSAV, Praha.

Stanovsky J. & Pulpan J. (2006): Stievlikoviti brouci Slezska a severovychodni Moravy. 159 pp., Muzeum
Beskyd, Frydek-Mistek.

Strejéek J. (1988): Zajimavé nalezy brouki ze skupin eledi Heteromera a Clavicornia v CSSR. — Zpravy Cs.
Spol. Entomol., 29: 65-66.

— (1993): Faunistické, bionomické a taxonomické pozndmky k mandelinkovitym (Chrysomelidae s. lat.) a
nosatcovitym (Curculionidae s. lat.) Ceské a Slovenské republiky (Coleoptera). — Klapalekiana, 36: 131-135.

— (2000): Faunistic Records from the Czech Republic — 111. Coleoptera: Chrysomelidae, Curculionidae. —
Klapalekiana, 36: 185-187.

Stouraé P. (1998): Faunistic Records from the Czech Republic — 77. Coleoptera: Staphylinidae. —
Klapalekiana, 34: 135.

Sustek Z. (1981): Mrchozroutoviti Ceskoslovenska (Coleoptera, Silphidae). Kli¢e k uréovani hmyzu. — Zpravy
Cs. Spol. Entomol., 2: 1-46.

33



Tesaf Z. (1955): Prehled Geskoslovenskych druhi pod&eledi Aphodiinae. — Cas. Slez. Mus. Opava (A), 3: 33-
40.

— (1957): Fauna CSR sv. 11, Brouci Listorozi Lamellicornia dil II: Scarabeidae — Vrubounoviti, Laparosticti.
343pp., NCSAV, Praha.

Tyr V. (1997): Piispévek k faunistice brouktl nadéeledi Scarabaeoidea (Coleoptera) Cech, Moravy a Slovenska.
— Klapalekiana, 33: 239-247.

Vavra J. (2002): Faunistic Records from the Czech Republic — 149. Coleoptera: Carabidae; Staphylinidae:
Oxytelinae, Staphylininae, Aleocharinae; Nitidulidae; Salpingidae; Anthribidae. — Klapalekiana, 38: 119-122.

Vavrousek J. (1980): Stievlikoviti v chranéné krajinné oblasti Jeseniky (Coleoptera, Carabidae). — Entomol.
Zprav., Ostrava, 10(2): 35-40.

— (1983): Stievlikoviti a kovarikoviti v Chranéné krajinné oblasti Jeseniky (Coleoptera — Carabidae, Elateridae).
— Zpr. Cs. Spole¢. Entomol. CSAV, 19(3): 95-104.

Vesely P., Resl K. & Tétal 1. (2002): Zajimavé nalezy stievlikovitych broukii (Coleoptera: Carabidae)
z Ceské republiky v letech 1997-2001 a dopln&k udaji o sbérech z piedchoziho obdobi. — Klapalekiana, 38:
85-109.

Volak J. (1947): Pokus o zoogeografické zpracovani Carabid Jesenikl. — Entomol. listy, 10: 65-74.

Vysoky V. (1995a): Poznamky k vyskytu nékterych brouki na Pradédu (Coleoptera: Staphylinidae, Silphidae).
— Fauna Bohem. Septentrion. (Usti nad Labem), 20: 183-185.

— (1995b): Stievlici Pradédu (Coleoptera: Carabidae). — Fauna Bohem. Septentrion. (Usti nad Labem), 20: 171-
178.

Wanka T. von Lenzenheim (1927): IV. Beitrag zur Coleopterenfauna von Schlesien. — Wiener Entomol. Z.,
44:1-32.

Weise J. (1894): Bemerkungen iiber einige in den Karpathen gesammelte oder verwandte Arten. — D. Entomol.
Zeitschr. 38: 248-250.

—(1903): Uber die mit lichenis Richter verwandten Chrysomelen. — D. Entomol. Zeitschr. 47: 161-163.

Unpublished documents:

Vavra J. (in litt.): Brouci (Coleoptera) NPR Pradéd. [Prehled dosavadnich poznatk o faun¢ broukt (Coleoptera) NPR
Pradéd a nejblizsiho okoli]. Sprava CHKO Jeseniky, 2003, 31 pp., Jesenik-Bukovice.

Vondfiejc J. (in litt): Vysledky determinace sbérit modelovych skupin brouki (Coleoptera: Carabidae, Silphidae, Lathriidae,
Scarabaeidae, Elateridae, Curculionidae, Chrysomelidae, Hydrophilidae, Coccinelidae a Staphylinidae) z monitorovaci
plochy Velka Kotlina (1995) + doplnéni 1996. (Zprava o hodnoceni epigeionu na dvou lokalitaich v Jeseniku - NPR
Velka Kotlina a NPR Reviz). Sprava CHKO Jeseniky, 1997, 10 pp., Jesenik-Bukovice.

BIBLIOGRAPHY OF DIPTERA

Bures§ S. & Pecina P. (1993): Nalez muchnice Bibio benesi (Diptera, Nematocera, Bibionidae) v potravé
lindusky horské (4Anthus spinoletta) z Pradédu. — Severni Morava, 66: 49-50.

Czizek K. (1907): Neue Beitrage zur Dipterenfauna Mihrens. — Zeitschr. méhr. Landesmus., 7: 157-177.

—(1908): Beitrdge zu einer Dipterenfauna Méhrens. — Zeitschr. méhr. Landesmus., 6: 182-234.

—(1909a): Beitrage zu einer Dipterenfauna Méhrens (II. Nachtrag). — Zeitschr. méhr. Landesmus., 10: 87-112.

— (1909b): Die Zweifliigel des Altvaters des Taltales. I. Platypezidae, Pipunculidae, Syrphidae at Conopidae. —
Zeitschr. mahr. Landesmus., 10: 151-175.

Cepelak J. (1955): Piispévek k poznani slezskych kuklic. — P¥irod. Sbor. Ostrav. Kraje, Opava, 16: 222-223.

— (1980): K rozsifeni a biologii vyssich dvouktidlych severni Moravy a Slezska (Diptera, Brachycera) I. — Cas.
Slez. Muz. Opava (A), 29: 249-268.

— (1982a): K rozsiteni a biologii dvoukiidlych severni Moravy a Slezska (Diptera, Brachycera) II. — Cas. Slez.
Muz. Opava (A), 31: 79-93.

— (1982b): K rozsiteni a biologii dvoukiidlych severni Moravy a Slezska (Diptera, Brachycera) III. — Cas. Slez.
Muz. Opava (A), 31: 265-276.

Cepelak J. et Cepelak S. (1978): Cynomya gregorpovolnyi sp. n. - neue Art der Familie Calliphoridae
(Diptera) aus der Tschechoslowakei. — Annot. Zool. Bot., 125: 1-4.

Dirlbek K. & Rohacek J. (1983): Acalyptrate Diptera of peat-bogs in North Moravia (Czechoslovakia). Part
4. Tephritidae, Lonchaeidae, Pallopteridae, Piophilidae. — Cas. Slez. Muz. Opava (A), 31: 1-21.

Holinka J., Bicik V. & Kutac J. (1994): Vertical distribution of hoverflies (Syrphidae, Diptera) in northern
Moravia. In: Jedlicka L. (ed.): Dipterologica Bohemoslovaca. Vol. 6, pp. 45-61, Slov. Entomol. Soc.,
Bratislava.

34



Chvala M. (1961): Piispévek k poznani o¢natkovitych (Diptera, Conopidae) Slezska I. ¢ast: revize moravskych
sbérti K. Czizka a K. Landrocka. — Piir. Cas. Slez., 22: 121-126.

— (1962): Piispévek k poznani o&natkovitych (Diptera, Conopidae) Slezska II. — Pir. Cas. Slez., 23: 117-122.

Jezek J. (1997): Rare and new Palaearctic Tonnoiriella - species (Diptera, Psychodidae). — Cas. Slez. Muz.
Opava (A), 168 (1-4): 7-18.

—(2006): Psychodidae (Diptera) of the Jeseniky Protected Landscape Area and its environs with descriptions of
two new Berdeniella species from the Czech Republic. — Acta Entomol. Mus. Nat. Pragae, 46: 151-192.

Knoz J. (1963): Muchnicky (Diptera: Simuliidae) ve Vysokém Jeseniku a v okoli Mirova (Blackflies of the
Vysoky Jesenik Mts. and the environs of Mirov). — Acta Faun. Entomol. Mus. Nat. Pragae, 9: 179-229.

Lastovka P. & Sevéik J. (2006): A review of the Czech and Slovak species of Docosia Winnertz (Diptera:
Mycetophilidae), with atlas of the male and female terminalia. — Cas. Slez. Muz. Opava (A), 55: 1-37.

Lauterer P. (1981): Contribution to the knowledge of the family Pipunculidac of Czechoslovakia (Diptera). —
Cas. Mor. Muz. (Sci. Nat.), 66: 123- 150.

— (1997): Pipunculidae. In: Vanhara J., Rozkosny R. (ed.): Faunistic records from the Czech and Slovak
Republics: Diptera. — Folia Fac. Sci. Nat. Univ. Masaryk. Brun., Biol., 95: 222-224.

— (1998): More details on the rare Eudorylas furvulus Collin and Microcephalops opacus (Fallén) comb. n.
(Diptera: Pipunculidae). — Acta mus. Mor. (Sci. Biol.), 82: 163-171.

—(2009): First record of Tomosvaryella rossica (Diptera: Pipunculidae) from the Czech Republic. — Folia Faun.
Slov., 14: 99-100.

Loew H. (1861): Ueber die bisher in Schlesien aufgefundenen Arten der Gattung Chlorops Macq. — Verh. Zool.
Bot. Ges. Wien, 15: 1-96.

Maca J. & Rohaéek J. (1994): The genus Diastata Meigen (Diptera, Diastatidae) of the Czech and Slovak
Republics. — Cas. Slez. Muz. Opava (A), 43: 97-111.

Martinovsky J. & Stary J. (1969): The discovery of brachypterous female of Limnophila platyptera
(Macquart), with notes on the classification of this species (Diptera, Tipulidac). — Acta Entomol.
Bohemoslov., 66: 381-386.

Merz B. & Rohacek J. (2005): New records of Homalocephala biumbrata (Wahlberg, 1839) (Diptera,
Ulidiidae, Ulidiinae) from Western and Central Europe. — Stud. Dipterol., 12(1): 8-9.

Rohacek J. (1980): Faunistic records from Czechoslovakia. Diptera, Asteiidae. — Acta Entomol. Bohemoslov.,
77:347.

— (1982a): Acalypterate Diptera of peat-bogs in North Moravia (Czechoslovakia). Part 1. Introduction, localities
under study and an evaluation at the family level. — Cas. Slez. Muz. Opava (A), 31: 1-21.

— (1982b): Revision of the subgenus Leptocera (s.str.) of Europe (Diptera, Sphaeroceridae). — Entomol. Abhand.
Staat. Mus. Tierk. Dresden, 46(1): 1-44.

— (1983a): Faunistics of the Czechoslovakian species of Anthomyzidae and Stenomicridae (Diptera). — Cas. Slez.
Muz. Opava (A), 32: 125-135.

— (1983b): A monograph and re-classification of the previous genus Limosina Macquart (Diptera,
Sphaeroceridae) of Europe. Part II. — Beitr. Entomol., 33: 3-195.

— (1984): Acalypterate Diptera of peat-bogs in North Moravia (Czechoslovakia). Part 6. Sphaeroceridae. — Cas.
Slez. Muz. Opava (A), 33: 97-131.

— (1985): Acalypterate Diptera of peat-bogs in North Moravia (Czechoslovakia). Part 7. Heleomyzidae. — Cas.
Slez. Muz. Opava (A), 34: 97-108.

— (1986): A revision of Anthomyza macra Czerny and A. pleuralis Czerny (Diptera, Anthomyzidae). — Ann.
Naturhist. Mus. Wien (B), 88/89: 593-606.

— (1989): Sphaeroceridae (Diptera) of Czechoslovakia. Part 1. Lotophila Lioy and Copromyza Fallén. — Cas.
Slez. Muz. Opava (A), 38: 1-16.

— (1991a): Sphaeroceridae (Diptera) of Czechoslovakia. Part 2. Crumomyia Macquart. — Cas. Slez. Muz. Opava
(A), 40: 1-27.

— (1991b): A monograph of Leptocera (Rachispoda Lioy) of the West Palaearctic area (Diptera,
Sphaeroceridae). — Cas. Slez. Muz. Opava (A), 40: 97-288.

— (1992): Sphaeroceridae (Diptera) of Czechoslovakia. Part 3. Alloborborus Duda and Copromyza montana sp.
n. — Cas. Slez. Muz. Opava (A), 41: 193-203.

— (1995): Clusiidae (Diptera) of the Czech and Slovak Republics: faunistics and notes on biology and behaviour.
— Cas. Slez. Muz. Opava (A), 44: 123-140.

— (1996a): Sphaeroceridae (Diptera) of the Czech Republic: corrections and additions to the faunal list, with
taxonomical notes. — Cas. Slez. Muz. Opava (A), 44(1995): 219-240.

— (1996b): Fourth supplement to the acalyptrate Diptera fauna of the Czech Republic and Slovakia. — Cas. Slez.
Muz. Opava (A), 45: 17-28.

— (1996¢): New records of Chloropidae (Diptera) from the Czech Republic and Slovakia. — Cas. Slez. Muz.
Opava (A), 45: 97-116.

35



—(1999): A revision and re-classification of the genus Paranthomyza Czerny, with description of a new genus of
Anthomyzidae (Diptera). — Stud. Dipterol. 6(2): 239-270.

— (2006a): A monograph of Palaearctic Anthomyzidae (Diptera) Part 1. — Cas. Slez. Muz. Opava (A), 55, suppl.
1: 1-328.

— (2006b): Sphaeroceridae. Faunistic records from the Czech and Slovak Republics. In Kinkorova J. (ed.):
Dipterologica bohemoslovaca Vol. 13. — Acta Univ. Carol., Biol., 50: 155-156.

— (2007): Faunistic records from Czech Republic and Slovakia. Sphaeroceridae. In Stloukalova V. (ed.):
Dipterologica bohemoslovaca Vol. 14. - Acta Zool.Univ. Comen., 47(2): 257-258.

—(2009): A monograph of Palaearctic Anthomyzidae (Diptera) Part 2. — Cas. Slez. Muz. Opava (A), 58, suppl. 1:
1-180.

— (2010): West Palacarctic Minilimosina (Svarciella): a new species, new records, key and taxonomical notes
(Diptera: Sphaeroceridae). — Cas. Slez. Muz. Opava (A), 58 (2009): 97-114.

Rohacdek J. & Bartak M. (1990): Micropezidae (Diptera) of Czechoslovakia. — Cas. Slez. Muz. Opava (A),
39:97-111.

— (2006): Scathophagidae. Faunistic records from the Czech and Slovak Republics. In Kinkorova J. (ed.):
Dipterologica bohemoslovaca Vol. 13. — Acta Univ. Carol., Biol., 50: 157.

Rohacek J. & Maca J. (1982): Acalypterate Diptera of peat-bogs in North Moravia (Czechoslovakia). Part 2.
Ecological classification, Opomyzidae, Anthomyzidae, Asteiidae, Diastatidae, Drosophilidae. — Cas. Slez.
Muz. Opava (A), 31: 193-213.

Rohacek J. & Zuska J. (1983): Acalypterate Diptera of peat-bogs in North Moravia (Czechoslovakia). Part 3.
Micropezidae, Psilidae, Sciomyzidae, Sepsidae. — Cas. Slez. Muz. Opava (A), 32: 1-22.

Skuhrava M. (1964): Gallmiicken der Gebirge Hruby Jesenik, Rychlebské hory und Oderské vrchy II.
(Itonididae, Diptera). — Acta Mus. Siles., ser. A, 13: 165-184.

— (1981): Bejlomorky severovychodni a jihovychodni Moravy (Cecidomyidae, Diptera). — Cas. Slez. Muz.
Opava (A), 30: 17-44.

— (1982): Montane und alpine Gallmiicken (Cecidomyidae, Diptera) der Tschechoslowakei. In: 8. Intern. Symp.
Uber Entomofaunistik in Mitteleuropa, Hradec Kralové. — Acta Mus. Reginaehrad. (A), Suppl., 1980: 109-
110.

Stanék M. (1973): Ein weiterer Beitrag zur Kenntnis der Unterfamilie Sarcophaginae (Diptera) des Bohmisch-
maéhrischen Hochlandes. — Acta Soc. Sci. nat. Mus. Moraviae occid., 9: 79-82.

Stary J. (1968): Beitrag zur Kenntnis der Unterfamilie Limoniinae des Jeseniky-Gebirges (Tipulidae, Diptera). -
Cas. Slez. Muz. Opava (A), 17: 129-141.

— (1969a): Zwei neue Limoniinen aus der Tschechoslowakei (Diptera, Tipulidae). — Cas. Mor. Muz. (Sci. Nat.),
54:123-130.

— (1969b): Revision der Arten der Unterfamilie Limoniinae (Tipulidae, Diptera) aus den Sammlungen des
Mahrischen Museums in Brno mit besonderer Beriicksichtigung der Fauna Mahrens. Teil 1.: Tribus
Limoniini und Pediciini. — Cas. Mor. Muz. (Sci. Nat.), 54: 131-160.

— (1970): Stand der faunistischen Forschung der Unterfamilie Limoniinae in der Tschechoslowakei (Tipulidae,
Diptera). — Informationsber. Landwirtsch. Hochschule Nitra — Biologische Grundlagen der Landwirtschaft, 8:
29-53.

— (1971a): Einige fiir Méhren neue oder wenig bekannte Limoniinen (Diptera, Tipulidae). — Cas. Slez. Muz.
Opava (A), 20: 69-84.

— (1971b): Revision der Arten der Unterfamilie Limoniinae (Tipulidae, Diptera) aus den Sammlungen des
Maihrischen Museums in Brno mit besonderer Beriicksichtigung der Fauna Maihrens. Teil II: Tribus
Hexatomini und Eriopterini. - Cas. Mor. Mus. (Sci. Nat.), 55(1970): 133-194.

— (1972): European species of the genus Dicranoptycha Osten-Sacken (Diptera, Tipulidae). — Acta Entomol.
Bohemoslov., 69: 401-416.

— (1973): Boreoalpinni a alpinsky prvek ve fauné podceledi Limoniinae (Tipulidae, Diptera) Jesenikd. — Zpravy
Vlastivéd. astavu v Olomouci, 163: 21-32.

— (1974a): Ceskoslovensti zastupci podrodu Erioptera s. str. (Diptera, Tipulidae). — Piirod. Cas. Jihoées., Ceské
Bud¢jovice, 13(1973): 147-160.

— (1974b): Nachtrige und Berichtigungen zur Limoniinen-Fauna der Tschechoslowakei (Tipulidae, Diptera). —
Cas. Slez. Muz. Opava (A), 23: 123-143.

— (1974c): Neue europdische Arten aus der Unterfamilie Limoniinae (Diptera, Tipulidae). — Annot. Zool. Bot.
Bratislava, 99: 1-9.

— (1979): Faunistické poznamky o druzich ¢eledi Limoniidae (Diptera) z Ceskoslovenska. — Zpravy Vlastivéd.
ustavu v Olomouci, 199: 1-16.

— (1984): Dopliiky k faunistice ¢eledi Cylindrotomidae (Diptera) v Ceskoslovensku. — Zpravy Kraj. vlastivéd.
muz. v Olomouci, 231: 10-14.

36



— (1986): Nachtrage und Berichtigungen zur Limoniiden-Fauna der Tschechoslowakei (Diptera). — 11I. Zbor.
Slov. Nar. Muz., Prir. Vedy, 32: 91-111.

— (1987): Revision of European species of the genus Cheilotrichia, subgenus Empeda (Diptera, Limoniidae). —
Acta Entomol. Mus. Nat. Pragae, 42: 249-276.

— (1993): Nachtriige und Berichtigungen zur Limoniiden-Fauna der Tschechoslowakei (Diptera), IV. — Cas. Slez.
Muz. Opava (A), 42: 123-135.

— (1994): Revision of European species related to Tricyphona livida (Diptera: Pediciidae). — Eur. J. Entomol., 91:
437-450.

—(1997): Trichocera (s. str.) rufulenta Edwards, 1938, a valid species (Diptera, Trichoceridae). — Stud. Dipterol.,
3(1996): 357-364.

— (1998a): Two new species of Dicranota (Paradicranota), related to D. (P.) landrocki Czizek, 1931 (Diptera,
Pediciidae). — Cas. Slez. Muz. Opava (A), 47: 25-29.

— (1998b): New species of Trichocera Meigen, 1803, with a re-assessment of the subgenera Trichocera (s. str.)
and Metatrichocera Dahl, 1966 (Diptera, Trichoceridae). — Stud. Dipterol., 5: 175-186.

— (1999): New species of the Trichocera (Metatrichocera) saltator species group (Diptera: Trichoceridae). —
Entomol. Probl., 30: 1-10.

— (2000): Further new species of the Trichocera (Metatrichocera) saltator species group (Diptera,
Trichoceridae). — Cas. Slez. Muz. Opava (A), 49: 97-104.

— (2004a): Revision of European species of the genus Rhabdomastix (Diptera: Limoniidae). Part 2: Subgenus
Rabdomastix (s. str.) — Eur. J. Entomol., 101: 657-687.

— (2004b): Dicranota (Paradicranota) cinerascens Lackschewitz, 1940, a valid species (Diptera: Pediciidae). —
Aquatic Insects, 26: 273-279.

— (2004c¢): Faunistic records from the Czech and Slovak Republics: Trichoceridae, Limoniidae, Pediciidae. In
Bitusik P. (ed.): Dipterologica bohemoslovaca Vol. 12. — Acta Facult. Ecol., 12, suppl. 1: 155-156.

— (2006): Nomenclatural changes in West Palaearctic Limoniidae and Pediciidae (Diptera). — Acta Univ. Carol.,
Biol., 49 (2005): 175-186.

— (2009a): The identity of Dicranomyia (Dicranomyia) luteipennis Goetghebuer (Diptera, Limoniidae). —
Zootaxa, 2155: 55-68.

— (2009b): The Trichocera (Trichocera) rectistylus species group: females and a new species (Diptera,
Trichoceridae). — Zoosymposia, 3: 263-271.

Stary J. & Martinovsky J. (1996): Little-known and new Trichocera (s. str.), related to 7. implicata and
revised checklist of the Czech and Slovak Trichoceridae (Diptera). — Entomol. Probl., 27: 151-166.

Stary J. & Reusch H. (2009): European species of the subgenus Brachylimnophila (Diptera: Limoniidae). —
Entomol. Fenn., 19: 207-217.

Sevéik J. (1999): Fifty species of fungus gnats (Diptera: Mycetophilidae) new for the Czech Republic and/or
Slovakia, including a new species of Allodia Winnertz. — Cas. Slez. Muz. Opava (A), 48: 97-105.

— (2001a): Diptera (excluding Mycetophilidae s. str.) associated with fungi in Czech and Slovak republics: a
survey of rearing records from 1998-2000. — Acta Univ. Carol., Biol., 45: 157-168.

— (2001b): New records of Diadocidiidae, Keroplatidac and Mycetophilidae (Diptera: Sciaroidea) from the
Czech Republic. — Cas. Slez. Muz. Opava (A), 50: 159-169.

— (2004a): Faunistic records from the Czech and Slovak Republics: Diptera. Anisopodidae, Mycetobiidae. —
Folia Fac. Sci. Nat. Univ. Masaryk. Brun., Biol., 109: 323-324.

— (2004b): New data on Sciaroidea (Diptera) from the Czech and Slovak Republics, with descriptions of seven
new species of Mycetophilidae. — Cas. Slez. Muz. Opava (A), 53: 49-74.

— (2005): New records of Sciophila Meigen from the Czech and Slovak Republics (Diptera: Mycetophilidae). —
Cas. Slez. Muz. Opava (A), 54: 69-74.

— (2006a): Diptera associated with fungi in the Czech and Slovak Republics. — Cas. Slez. Muz. Opava (A),
Suppl. 2, 55: 1-84.

— (2006b): Faunistic records from the Czech and Slovak Republics. Mycetophilidae. — Acta Univ. Carol., Biol.,
50: 137-138.

—(2007): Faunistic records. Dixidae. — Acta Zool. Univ. Comen., 47: 253-254.

—(2010): Czech and Slovak Diptera associated with fungi. 112 pp., Slezské zemské muzeum, Opava.

Tusa L. (1984): K poznani larev a kukel proudomilek — Liponeura Loew 1844 (Diptera, Blephariceridiae) z tokt
severni Moravy (CSSR). — Cas. Slez. Muz., Opava, Ser. A, 33: 193-204.

—(1992a): K poznani proudomilek Ceskoslovenska. — Severni Morava, Sumperk, 63: 29-42.

— (1992b): Proudomilky — Liponeura Loew 1844 (Diptera, Blephariceridiac) Ceskoslovenska. — Cas. Slez. Mus.,
Opava, Ser. A, 41: 269-278.

—(1993): Larvy ¢ihalek rodu Atherix Meigen 1803 (Diptera, Athericidae) v tocich Ceskoslovenska. — Cas. Slez.
Mus., Opava, Ser. A, 42: 21-29.

— (1994): K ekologii larev &ihalek rodu Atherix Meigen 1803 (Diptera, Athericidae) v tocich Ceské republiky a

37



Slovenska. — Cas. Slez. Mus., Opava, Ser. A, 43: 21-34.
Véla M. & Rohécek J. (1983): Acalypterate Diptera of peat-bogs in North Moravia (Czechoslovakia). Part 5.
Agromyzidae. — Cas. Slez. Muz. Opava (A), 32: 193-214.

BIBLIOGRAPHY OF OTHER INSECT ORDERS

Anonymus (1961): O¢ima ptirodovédce. Opavsko a Jeseniky pied 120 lety. — Zpravy Slez. Ust. CSAV Opava,
19: 1.

Assman A. (1854): Verzeichnis der bisher in Schlesiens aufgefundenen wanzenartigen Insecten. — Zeitschr.
Entomol. (Breslau), pp. 29-45.

Banas§ M., Lekes V,, Treml V. & Kuras T. (2001): Nékolik poznamek k determinaci alpinské hranice lesa
ve Vychodnich Sudetech. In: Létal A., Szczyrba Z. & Vysoudil M. (eds.): Sbornik pfispévki Vyrocni
konference CGS ,,Ceska geografie v obdobi rozvoje informacnich technologii®, pp. 109-128, UP Olomouc,
Olomouc.

Baudys E. (1954): Zoocecidie z oblasti Slezska a ptilehlych ¢asti Moravy. 288 pp., SPN, Praha.

— (1961): Prispévek k zoocecidologickému vyzkumu Jesenikii a Beskyd. — Piirod. Cas. Slezs., 22: 57-64.

—(1963): Zoocecidiologické drobnosti. — Zpravy Slez. Ust. CSAV, Opava, pi. védy, 1963/125 - B: 10.

Bezdécka P. (1983): Lesni mravenci na lokalité Alfrédka. — Nasi ptirodou, 2: 18-19.

—(1999): Vyvoj komplexu hnizd Formica lugubris Zett. v Jesenikach. — Formica, 2: 65-70.

— (2005): Mravenci Jesenikti (Hymenoptera: Formicidae). — Campanula, sbornik referatt z konference k 35.
vyro¢i CHKO Jeseniky (1969-2004), pp. 76-79, Sprava CHKO Jeseniky, Jesenik.

— (2009): Historie vyzkumu mravencti (Hymenoptera: Formicidae) v Jesenikach. In: Dyma M. (ed.): IX.
Svatovaclavské cesko-polsko-némecké setkani v Jeseniku 2009. Sbornik referatti z Pfirodovédného seminare
na téma Ziva piiroda na Jesenicku — historie zoologickych vyzkumi, pp. 36-39, Vlastivédné muzeum
Jesenicka, Jesenik.

Burckhardt D. & Lauterer P. (2002a): Trioza flixiana sp. n. (Hemiptera, Psylloidea), a new jumping plant-
louse species from Central Europe. — Rev. Suisse Zool. 109 (4): 799-802.

— (2002b): Revision of the Central European Trioza rotundata complex (Hemiptera: Psylloidea): taxonomy and
bionomy. — Mitt. Schweiz. Entomol. Ges., 75: 21-34.

Bures§ S. (1993): Food of water pipit nestlings, Anthus spinoletta, in changing environment. — Folia Zool., 42:
213-219.

—(1994): Segregation of diet in water pipit (Anthus spinoletta) and meadow pipit (Anthus pratensis) nestlings in
an area damaged by air polution. — Folia Zool., 43: 43-48.

Cejchan A. (1955): Prispévek k poznani saranéi (Acridioidea) a kobylek (Tettigonioidea) Slezska (Orthoptera).
— Ptirod. Sbor. Ostrav. Kraje, 18: 270-273.

Dittrich R. (1903a): Verzeichniss der in schlesien bisher aufgefundenen Hymenopteren. I. Apidae. — Zeitschr.
Entomol. (Breslau), pp. 21-54.

— (1903b): Verzeichnis der bisher in Schlesien aufgefundenen Hymenopteren. I. Apidae. — Zeitschr. Entomol.
(Breslau), 28: 22-54.

— (1905): Verzeichnis der bisher in Schlesien aufgefundenen Hymenopteren. II. Chalastogastra. — Zeitschr.
Entomol. (Breslau), pp. 23-47.

Dlabola J. (1954): Fauna CSR I: Kisi — Homoptera. 340pp., NCSAV, Praha.

— (1964): Neue Ergebnisse zur zoogeographischen Verbreitung einiger europdischen Zikaden (Homopt.,
Auchenorrhyncha). — Cas. Cs. Spol. Entomol. 61 (2):173-176.

Dobsik B. (1951): K poznani Orthopter a Dermapter Slezska. — Ptirod. Sbor. Ostrav. Kraje, 12: 102-114.

—(1961): Kné&zice (Heteroptera, Pentatomoidea Leach 1815) slezské oblasti. — Piirod. Cas. Slez., 22: 401-408.

— (1966): Wanzenfauna Schlesiens. In: Tesaf Z. (ed.): II. Entomologické symposium o problémech faunistického
a entomogeografického vyzkumu. pp. 67-83.

— (1977): Sitnatkoviti (Tingidae), zéketnicoviti (Reduviidae) a klopusky (Microphysidae et Anthocoridae)
slezské oblasti. — Acta Univ. Agric. (A), 25: 177-185.

— (1983): Plostice severni Moravy. — Campanula, 6: 67-75.

Dolny A. (2005): Analyza fauny vazek (Odonata) v narodnich pfirodnich rezervacich CHKO Jeseniky. —
Campanula, sbornik referatti z konference k 35. vyroci CHKO Jeseniky (1969-2004), pp. 39-43, Sprava
CHKO Jeseniky, Jesenik.

Dolny A., Béarta D., Waldhauser M., Holuga O., Hanel L. et al. (2007): Vazky Ceské republiky —
Ekologie, ochrana a rozsiteni. 672 pp., Cesky svaz ochranct piirody, Vlagim.

Dvotak J. (1966): K vyskytu vazek (Odonata) v CSSR.. — Zpravy Cs. Spol. Entomol. 2: 44-48.

Hoberlandt L. (1956): Aradus kuthyi Horvath zjistény ve statni reservaci Kovacovské kopce, novy pro faunu
CSR. — Acta Entomol. Mus. Nat. Pragae 30 (1955): 15-30.

38



Holusa O. (1995): Vyskyt vazek rodu Somatochlora na tzemi byvalého Ceskoslovenska (Odonata:
Corduliidae). — Klapalekiana, 31: 101-110.

— (1997a): Nové znalosti o rozifeni vazek rodu Somatochlora na uzemi byvalého Ceskoslovenska (Odonata:
Corduliidae). — Klapalekiana, 33: 23-28.

— (1997b): Vyskyt §idla raselinného (Adeshna subarctica Walker, 1908; Odonata: Aeshnidae) v Hrubém Jeseniku
(Ceska republika). — Cas. Slez. Muz. Opava (A), 46: 287-288.

— (2000a): Fauna vazek (Odonata) Moravy a Slezska. In: Bryja J. & Zukal J. (eds.): Zoologické dny, Brno
2000. Abstrakta referatii z konference 9.-10.listopadu 2000, pp. 28-29., Ceska zoologicka spoleénost —
brnénska pobocka, Brno.

— (2000b): Vazky (Odonata) ve sbirkach Muzea Beskyd Frydek-Mistek (Ceska republika). (The dragonflies
(Insecta: Odonata) in the collections of the Museum of the Beskydy Mts. Frydek-Mistek (Czech Republic). —
Klapalekiana, 36: 71-79.

— (2004): Entomofauna. In: Bucek A. & Madéra P. (eds.): Hodnoceni vyznamu, stavu a dynamiky vyvoje
geobiocendz Narodni pfirodni rezervace Pradéd a jejich ohrozeni rekrea¢nimi aktivitami. — Geobiocenol.
spisy, sv. 10, 116 pp., MZLU, Paido, Brno.

Hykes$ O. V. (1925): Zvifena naseho Slezska. — Vlastivédny sbornik Slezsky, 15(1): 51-63.

Knight W.J. (1974): The evolution of the Holarctic leathopper genus Diplocolenus Ribaut, with descriptions
and keys to subgenera and species (Homoptera: Cicadellidae). — Bulletin of the British Museum (Natural
History), Entomology, 29 (7): 259-413.

Kocarek P. & Sevéik J. (1997): Skvoii (Dermaptera) severni Moravy a Slezska — piehled faunistickych udaji.
— Cas. Slez. Muz. Opava (A), 46: 97-103.

Kolenati F. A. (1859a): Fauna des Altvaters (hohen Gesenkes der Sudeten). 83 pp., Buchdruckerei Rudolf
Rohrer’s Erben, Briinn.

— (1859b): Systematisches Verzeichnis der am Altvater bis gegenwartig beobachteten der gesammelten Insekten,
von 3700 bis 4680° Meereshohe. — Jh. d. naturwiss. Sect. k. k. méhr. schles. Gesell. fiir Ackerbau, Natur- und
Landeskunde1858, (Briinn), 1: 1-83.

— (1859c¢): Naturhistorische Durchforschung des Altvatergebirges, Lepidoptera. — Jh. d. naturwiss. Sect. k. k.
mébhr. schles. Gesell. fiir Ackerbau, Natur- und Landeskunde 1858, (Briinn), 50-58.

— (1860): Einige neue Insekten-Arten vom Altvater (dem hohen Gesenke der Sudeten). — Wiener Entomol.
Monat., 4 (12): 381-394.

— (1862): Entomologischen Notizen. — Mitt. Mdhr.-schles. Ges. Ackerbau, Natur- und Landeskunde, 39: 335.

Koschatzky C. R. (1818-1819): Naturhistorische Aphorismen {iber das Gesenke. — Hesperus. Nationalbl.
Gebilt. Leser, 2(37): 289-292; 4(44): 346-349.

Koschatzky C. R. (1819): Uber Schlesien und dessen Naturkunde. — Erneu. Vaterlind. Blitter Osterr.
Kaiserstadt, 94-96: 373-384.

Kratochvil J. (1949): Mravenci Jesenikll (Formicides). — Entomol. listy, 12: 14-20.

Krkavec F. (1951): Prispévek k poznani chrostika Slezska. — Pfirod. Sbor. Ostrav., 17: 118-124.

Kula E. (1980): Inventarizace mravence lesniho na lokalit¢ Alfrédka. — Pamatky a ptiroda, Praha, 5/1: 34-36.

— (1984): Mravenci v okoli Alfrédky. — Nasi pfirodou, Praha, 2: 18.

— (1985): Formica lugubris Zett. (Hymenoptera, Formicidae) ve smrkovych porostech lokality Alfrédka
v Jesenikach. — Cas. Slez. Muz. Opava (A), 35: 31-42.

Kuras T. & Tuf L H. (2005): Vliv borovice kle¢e na bezobratlé Hrubého Jeseniku. — Ziva, 53: 268-269.

Lacina A. (2010): Nalez klopusky jesenické po 63 letech nezvéstnosti. — Ziva 58: 270.

Lang V. (1947): Cikédy, psylly a molice Jesenikd. — Entomol. listy, 10: 19-27.

Lauterer P. (1958): Piispévek k poznani kiist CSR (Homoptera, Auchenorrhyncha). — Cas. Mor. Muz. (Sci.
Nat.), 43: 125-136.

— (1963): Piispévek k poznani mer (Homoptera, Psylloidea) Ceskoslovenska. — Cas. Mor. Muz. (Sci. Nat.), 48:
145-156.

— (1965): A contribution to the knowledge of the psyllid fauna of Czechoslovakia II. — Cas. Mor. Muz. (Sci.
Nat.), 50: 171-189.

— (1978): New records of leafhoppers from Czechoslovakia (Homoptera, Auchenorrhyncha). — Cas. Mor. Muz.
(Sci. Nat.), 63: 111-116.

— (1982): New data on the occurrence, bionomics and taxonomy of some Czechoslovakian Psylloidea
(Homoptera). — Cas. Mor. Muz. (Sci. Nat.), 67: 133-162.

— (1983): Fagocyba cerricola sp.n. and new and interesting records of leathoppers from Czechoslovakia
(Homoptera, Auchenorrhyncha). — Cas. Mor. Muz. (Sci. Nat.), 68: 139-152.

— (1984): New and interesting records of leathoppers from Czechoslovakia (Homoptera, Auchenorrhyncha) II. —
Cas. Mor. Muz. (Sci. Nat.), 69: 143-162.

— (1986): New and interesting records of leathoppers from Czechoslovakia (Homoptera, Auchenorrhyncha) III. —
Cas. Mor. Muz. (Sci. Nat.), 71: 179-187.

39



— (1998a): Notes on the distribution and egg shape of several European psyllid species (Homoptera, Psylloidea).
— Acta mus. Mor. (Sci. Biol.), 82: 157-161.

— (1998b): Results of the investigations on Hemiptera in Moravia, made by the Moravian museum (introduction,
Psylloidea I). — Acta mus. Mor. (Sci. Biol.), 83: 99-126.

—(1999): Results of the investigations on Hemiptera in Moravia, made by the Moravian museum (Psylloidea 2),
— Acta mus. Mor. (Sci. Biol.), 84: 71-151.

Lauterer P.& Malenovsky I. (2002): New distributional and biological data on European Psylloidea
(Hemiptera, Sternorrhyncha), with special reference to the fauna of the Czech Republic and Slovakia. —
Entomol. Basil., 24: 161-177.

Malenovsky I. & Lauterer P. (2010): Additions to the fauna of planthoppers and leafthoppers (Hemiptera:
Auchenorrhyncha) of the Czech Republic. — Acta mus. Mor. (Sci. Biol.), 95 (1): 49-122.

Mazalova M., Dvotak L., Bezdétka P. & Kuras T. (2009): Cmelaci a pa¢melaci (Hymenoptera: Apidae:
Bombus) narodni piirodni rezervace Pradéd (Hruby Jesenik). — Cas. Slez. Muz. Opava (A), 58: 243-249.

Mazalova M. & Kuras T. (2010): Cmelaci a paémelaci Narodni p¥irodni rezervace Pradéd: potravni ekologie
a kompetice zaznamenanych druht. In: Bryja J. & Zasadil P. (eds.): Zoologické dny, Praha 2010. Sbornik
abstraktii z konference 11. —12. tnora 2010, pp. 150-151, AV CR, CZU v Praze, CZS, Praha

Melichar L. (1896): Cicadinen (Hemiptera-Homoptera) von Mittel-Europa. 364 pp., F. L. Dames, Berlin.

Miles P. (1975): Navrh na vyhlaseni chranéného nalezisté mravencti rodu Formica v Chranéné krajinné oblasti
Jeseniky. - Zpravod. Spravy CHKO Jeseniky, pp. 4-8, Sprava CHKO Jeseniky, Jesenik.

Miihlethaler R., Burckhardt D., Lauterer P. & Nagel P. (2009): Taxonomy and biogeography of Central
European Kybos (Insecta: Hemiptera: Cicadellidae). — Deutsch. Entomol. Zeitschr., 56 (1): 15-40.

Obr S. (1948): K poznani druhu Peripsocus didymus Roes (Psocoptera). — Sbor. Klubu Ptirod. v Brn¢, 28: 1-4.

—(1949): Pisivky Slezskych Jesenikil a Kralického Snézniku. — Pfirod. Sbor. Ostrav. Kraje, 10: 219-234.

— (1954): Prispévek k poznani pisivek Slezska. — Ptirod. Sbor. Ostrav. Kraje, 15: 269-283.

Pax F. (1915): Uber die Gefihrdung entomologischer Naturdenkméler in Schlesien. — Jh. d. Ver. Schles. Insekt.
(Breslau), 8: 3-12.

—(1921): Die Tierwelt Schlesiens. 349 pp.,Verlag von Gustav Fischer, Jena.

Ptidal A. & Komzakova O. (2009): Faunistic record in the Czech Republic — 276 (Hymenoptera: Apoidea,
Apidae). — Klapalekiana, 45(1): 119-120.

Rosicky B. (1947): Prispévek k poznani blech (Aphaniptera) Jesenikti. — Fol. Entomol., Brno, 10: 30-32.

Roubal J. (1957): Faunistika &eskoslovenskych plostic rodu Globiceps Lep. Serv. — Cas. Cs. Spol. Entomol.,
54:385-390.

— (1958): Kritické poznamky o variabilité plostic Aradus betulae (L.) 1758. — P¥irod. Cas. Slez., 20: 113-116.

Rusek J., Stary J, Tajovsky K. et Pizl V. (2005): Dlouhodoby pudné-zoologicky vyzkum v CHKO
Jeseniky. — Campanula, pp. 28-30.

Sadil J. (1954): Prispévek kpoznani mravenéi fauny naSich hor. (Ein beitrag zur Kenntnis der
Bergameisenfauna der Tschechoslowakei). — Rocenka ¢s. spol. Entomol. 50 (1953): 188-196.

Sedlak E. (2001): Trichoptera from crenal and epirhithral of Moravice in Velka Kotlina Cirque and other sites
of the Jeseniky Mountains. — Scripta-Biology, 37: 159-171.

Schindler O. (1914): Meine Exkursion nach Osterreich.-Schlesien (Altvatergebiet). — Entomol. Zeitschr., 28:
35-36, 38-40.

Schneider W.G. (1885): Verzeichnis der Neuropteren Schlesiens. — Zeitschr. Entomol. (Breslau), 10: 17-32.

Scholz M. F. R. (1931): Verzeichnis der Wanzen Schlesiens. — Entomol. Anz., 11(4): 50.

Schubert K. (1929): Geradfliigler und Libellen des Altvatergebirges. — Zeitschr. Wiss. Insektenbiol., 24: 251-
255.

—(1930): Die Libellen und Geradfliigler des Moosebruches (Altvatergebirge). — Zeitschr. Wiss. Insektenbiol., 25:
183-198.

— (1933): Beitrdge zur Kenntnis der Tierwelt des Moosebruches im Altvatergebirge. — Zeitschr. Morfol. Oekol.
Tiere, 27: 324-372.

Schummel T. E. (1843): Entomologische Exkursion ins Gesenke. — Jh. Schles. Ges. Vaterl. Kult., Breslau

— (1844): In den ersten Tagen des August 1843 auf dem Gesenke gefundenen Insekten einiger Ordnungen. —
Ubers. Arb. Ver. Schles. Ges. Vaterl. Kult., 1843: 184-199.

Spitzner W. (1891): Beitrag zur Hemipteren-fauna Mahrens. — Verhandl. Naturforsch. Ver. Briinn, 30: 3-34.

Stehlik J. L. (1952): Fauna Heteropter Hrubého Jeseniku. — Cas. Mor. Muz. (Sci. Nat.), 37:132-248.

— (1970): Contribution to the knowledge of Heteroptera of Moravia and Slovakia. — Cas. Mor. Muz. (Sci. Nat.),
55:209-232.

—(1978): New records of Heteroptera from Czechoslovakia. — Cas. Mor. Muz. (Sci. Nat.), 63: 107-110.

— (1983): Results of the investigations on Hemiptera in Moravia made by the Moravian Museum (Pentatomoidea
IT). — Cas. Mor. Muz. (Sci. Nat.), 68: 153-172.

40



Stehlik J. L. & Vaviinova 1. (1990): Results of the investigations on Hemiptera in Moravia made by the
Moravian Museum (Berytidae). — Cas. Mor. Muz. (Sci. Nat.), 75: 219-235.

— (1998): Results of the investigations on Hemiptera in Moravia made by the Moravian Museum (Lygaeidae IT).
— Cas. Mor. Muz. (Sci. Biol.), 82: 57-108.

Sevéik J. (1995): Dlouhosijky (Insecta: Neuropteroidea: Raphidioptera) Slezska a severni Moravy — soucasny
stav znalosti. — Cas. Slez. Muz. Opava (A), 44: 251 - 258.

— (1997): New and interesting records of Neuroptera and Raphidioptera from Moravia and the Czech part of
Silesia. — Klapalekiana, 33: 75-82.

— (1998): P¥ispévek k poznani sitokiidlych (Neuroptera) Hrubého Jeseniku. — Cas. Slez. Muz. Opava (A), 47:
225-232.

Sevéik J. & Hudeéek J. (1995): Sitoktidli (Insecta: Neuropteroidea: Planipennia) Slezska a severni Moravy —
prehled dosavadnich znalosti. — Cas. Slez. Muz. Opava (A), 44: 141-156.

Then F. (1896): Neue Arten der Cicadinen-Gattungen Deltocephalus und Thamnotettix. — Mitteil. Naturwiss.
Ver. Steiermark, 1896: 3- 35.

—(1899): Drei bekannte und eine neue Species der Cicadinen Gattung Deltocephalus. — Mitteil. Naturwiss. Ver.
Steiermark, 1899: 126-140.

— (1900a): Bemerkungen zu vier Cicadinen Species. — Mitteil. Naturwiss. Ver. Steiermark, 1900: 258-266.

— (1900b): Beitrag zur Kenntnis der dsterreichischen species der Cicadinen-Gattung Deltocephalus. — Mitteil.
Naturwiss. Ver. Steiermark,1900: 118-169.

Toms$ik B. (1947): Rod Spilomicrus Westw. (Hym. Proctotr.). — Entomol. listy, 10: 33-43.

Tusa L. (1970): Neptuvodni zivocichové v Jesenikach. — Vlastivédna zajimavost ¢. 24/1970, Vlastivédny ustav
Sumperk, 4 p.

—(1971): Vodni zvifena Jesenikii. — Vlastivédna zajimavost &. 45/1971, Vlastivédny tstav Sumperk, 4 p.

— (1973a): Larvy jepic B&l¢, Branné, Desné a Krupé. — Severni Morava, Sumperk, 25: 44-54.

— (1973b): Mayfly larvae in current habitats of Béla Creek (Nordwestern part of Moravia, Czechoslovakia). —
Acta Hydrobiol., Krakow, 15: 311-320.

— (1974): Mayfly larvae (Ephemeroptera) in current habitats of three trout streams with stony bottom (Nord-
Western Moravia, Czechoslovakia). — Acta Hydrobiol., Krakow, 16: 417-429.

— (1986): Charakter zviteny okresu Sumperk. — Severni Morava, Sumperk, 51: 43-53.

Vojtek J. (1949): Prispévek k poznani slezskych Orthopter. — Pfirod. Sbor. Ostrav. Kraje, Opava, 10: 319-337.

Vondraéek K. (1957): Mery — Psylloidea (fad: hmyz stejnokiidly — Homoptera). Fauna CSR 9. 431 pp.,
NCSAYV, Praha.

Vysoky V. (1995): Nékolik poznamek k vyskytu mravenct v okoli Pradédu (Hymenoptera: Formicoidea). —
Fauna Bohem. Septentrion., 20: 179-181.

Werner F. (1923): Beitrage zur Orthopterenfauna von Méahren. — Verh. Naturforsch. Ver. Briinn 58(1920-

1921): 72-76.
Wocke M. F. (1848): Eine Exkursion in’s Altvatergebirge. — Jahres-Bericht. d. Gesellschaft f. vaterl. Cultur.,
pp. 71-74.

— (1850): Eine Wanderung durch’s Altvatergebirge und die Grafschaft Glatz. — Zeitschr. Entomol. (Breslau), 43-
47.

Zahradkova S., Soldan T. & Mergl A. (1999): Mayflies (Ephemeroptera) of the Jeseniky Mountains
Protected Landscape Area, Czech Republic: a historical and present status overview. — Scripta Biol., 25: 67—
97.

Zacher F. (1907): Beitrage zur Kenntnis der Orthopteren Schlesiens. — Zeitschr. Wiss. Insektenbiol., 3: 179-
185,211-217.

Zalesky M. (1939): Prodromus naseho blanokiidlého hmyzu III. Formicoidea. — Sbor. entomol. oddél. Nar.
mus. v Praze, 17: 192-240.

Zaruba P. (2001): Jepice (Ephemeroptera) v NPR Pradéd. — Ochrana pfirody, 56 (3): 47-76.

Zavtel H. (1955): Minujici hmyz ptirodnich reservaci v Jesenikach. — Ochrana ptirody, 10: 301-303.

— (1960): Prispévek k rozsifeni minujiciho hmyzu ve Slezsku. — P¥irod. Cas. Slez, Opava, 11: 25-47.

Zdobnitzky W. (1910): Beitrag zur Ameisenfauna Mahrens. — Zeitschr. Mahr. Landesmus., 10: 1-13.

Zelinka M. (1951): Prispévek k poznani fauny Bilé Opavy. — Sbor. Klubu Pfirodov. v Brné, 29: 201-205.

Unpublished documents:

Bezdécka P. (in litt.): Myrmekologicky vyzkum CHKO Jeseniky. (Zavére¢na zprava). Sprava CHKO Jeseniky, 1982, 6 pp.,
Jesenik.

— (in litt.): Inventarizaéni pruzkum pfirodni rezervace Pod Jeleni studankou. (Zavéreéna zprava). Sprava CHKO Jeseniky,
1999, 7 pp., Jesenik.

— (in litt.): Inventariza¢ni prizkum mravenct, vos a ¢melaktl (Hymenoptera: Formicidae, Vespidae, Apidae) narodni ptirodni
rezervace Rejviz. (Zavérecna zprava). Sprava CHKO Jeseniky, 2005, 11 pp., Jesenik.

41



Dolny A. (in litt.): Inventarizacni prizkum NPR Pradéd z oboru odonatologie. (Zavérecna zprava). Sprava CHKO Jeseniky,
2004, 6 pp., Jesenik.

— (in litt.): Fotoatlas vazek (Odonata) zaznamenanych v ramci Inventariza¢nich prizkumi NPR na uzemi CHKO Jeseniky.
(Zavérecna zprava). Sprava CHKO Jeseniky, 2005, Jesenik.

HeleSic J. (in litt.): Hydrobiologické monitorovani (makrozoobentos) na monitorovacich plochach v NPR Pradéd a NPR
Rejviz 1997. (Zaverecna zprava). Sprava CHKO Jeseniky, 1997, 5 pp. + pfilohy, Jesenik.

Rusek J. & Stary J. (in litt.): Vyzkum cendz ptidnich organismi a zmén chemismu ptidy v CHKO Jeseniky, pfedevsim ve
vrcholové Gasti. (Zavéreéna zprava). UBP CSAV, 1992, 38 pp., Ceské Budgjovice.

References

a) Bibliographies used as an information sources

Laus H. (1901): Die zoologische Literatur Mihrens und Osterr-Schlesiens bis 1901. R.M. Rohrer — Briinn.

—(1928): Ptirodovédecka literatura Moravy a Slezska z let 1911-1928. — Ptirod. Sborn. Ostrav. Kraje, Ostrava, 4:
94-153.

Syniawa M. (2006): Biograficzny slownik przyrodnikéw $laskich. Tom 1. 460 pp., Centrum Dziedzictwa
Przyrody Gérnego Slaszka, Katowice.

Sedivy J. & Bezdétka P. (2001): Bibliografie blanokiidlého hmyzu Ceské republiky (Hymenoptera).
(Bibliography of Hymenoptera of the Czech Republic). — Sbornik Pfirodovédného Klubu v Uherském
Hradisti, Suppl. 6: 3-81.

— (2002): Dopln&k Bibliografie blanok¥idlého hmyzu Ceské republiky (Hymenoptera). (Supplement to the
Bibliography of Hymenoptera of the Czech Republic). — Sbornik Ptirodovédného Klubu v Uherském Hradisti
7: 185-188.

Smetana O. (1969): Entomologicka bibliografie Ceskoslovenska 1951-1960. 330 pp., Academia, Praha.

Rozkosny R. (1971): Bibliography of Diptera in Czechoslovakia 1758-1965. Taxonomy and Faunistics. 240
pp-, Univ. J. E. Purkyné, Brno.

— (1977): Czechoslovak dipterological literature 1966—-1975. — Folia Fac. Sci. Nat. Univ. Purk. Brun., 18, Biol.,
59 (6): 1-150.

Rozkos$ny R. & Vanhara J. (1988): Czechoslovak dipterological literature 1976—1985. — Folia Fac. Sci. Nat.
Univ. Purk. Brun., 18, Biol., 88: 1-208.

Vanhara J. & Rozko$ny R. (1997): Czech and Slovak Dipterological Literature 1986-1995. — Folia Fac. Sci.
Nat. Univ. Masaryk. Brun., Biol., 96: 1-170.

b) Other references except of works cited in the own bibliography

Jenik J. (1998): Biodiversity of the Hercynian mountains of central Europe. — Pirineos, 151-152: 83-99.
Schmidtova T. a kol. (2009): Chranéna krajinna oblast Jeseniky. — Ochrana ptirody, 3: 2-6.

Acknowledgements: Thanks for revision and supplement of bibliography to Pavel Bezdécka, Jaroslav and
Otakar Holusa, Petr Ko&arek, Pavel Lauterer, Magdaléna Rohacové and Jan Sevéik. We are grateful to Jaroslav
Stary and Jindfich Rohacek for their helpfulness and flexible consultation of problematic parts of the text. Last
but not least, we thank to Daniel Lee for revising the language.

Authors” address: Monika Mazalova, Tomas Kuras, Katedra ekologie a zivotniho prostiedi, Pfirodovédecka
fakulta, Univerzita Palackého v Olomouci, Tfida Svobody 26, Olomouc, CZ — 771 46,
e-mail: monika.mazalova@upol.cz
Josef Kasak, Katedra zoologie a ornitologicka laboratof, Ptirodovédecka fakulta,
Univerzita Palackého v Olomouci, Tfida Svobody 26, Olomouc, CZ — 771 46
e-mail: abovic@seznam.cz

42



Prispévek IIT
Kasak J., Trnka F. et Gabri§ R. 2012: Results of entomological survey of beetles
(Coleoptera) from the Borek u DomaSova Natural Reserve (Jeseniky Protected Landscape

Area): implications for conservation biology. Casopis Slezského muzea v Opavé. Série A. 61:

197-212.



ISSN 1211-3026 Cas. Slez. Muz. Opava (A), 61: 197-211, 2012
DOI: 10.2478/v10210-012-0019-x

Results of entomological survey of beetles (Coleoptera) from the Borek
u Domasova Natural Reserve (Jeseniky Protected Landascape Area):
implications for conservation biology

Josef Kasak, Filip Trnka & Radim Gabri$

Results of entomological survey of beetles (Coleoptera) from the Borek u Domasova Natural Reserve
(Jeseniky Protected Landascape Area): implications for conservation biology. — Cas. Slez. Muz.
Opava (A), 61: 197-211, 2012.

Abstract: This paper is focused on the fauna of beetles from the Borek u Domasova Nature Reserve
(NR) in the Hruby Jesenik Mountains. Altogether 257 species of beetles belonging to 45 families
were recorded during an entomological survey in 2011 and 2012. We found out valuable assemblages
of beetles, especially a community of saproxylic beetles which is of high bioindicative value.
Recorded were boreo-montane or relict species of natural old-growth forests such as Ceruchus
chrysomelinus, Curimus erichsoni, Danosoma fasciata, Dendrophagus crenatus, FElateroides
flabellicornis, Hylis foveicollis, Melandrya barbata etc. We propose the following management
measures, necessary for the preservation of populations of the threatened species of the Borek u
Domasova NR. A non-action strategy seems to be the most appropriate management by means of
avoiding the removal of fallen and dead trees from the forest. On the contrary, the structure of the
forest should be enriched with fir seedlings, planted and protected from the damage caused by deer.
We also recommend to enlarging the area of the NR in the near future.

Key words: Coleoptera, faunistics, conservation, saproxylic beetles, Borek u Domasova Natural
Reserve, Hruby Jesenik Mts., Czech Republic

Introduction

The Hruby Jesenik Mts. belong to the largest mountain areas in the Czech Republic, with
a heterogeneous and specific fauna and flora. Therefore, the region is in the centre of
entomologists® interest, which is confirmed by many historical and recent papers (Mazalova et
al. 2012). Most of the works concerned about beetles in Hruby Jesenik Mts. is focused on
Pradéd Mt. and its close surroundings. That is why we have a poor knowledge of the
coleopterofauna of broader surroundings. Nevertheless, some historical and even recent
faunistic records reveal other entomologically valuable localities with natural habitats,
situated in the Jeseniky Mts. (see Gerhardt 1910; Malec 1976; Vavrousek 1980, 1983;
Stanovsky & Pulpan 2006; Kasak & Gabris 2011). One of these potentially valuable places is
the Borek u DomaSova Nature Reserve (NR). Although we have some historical evidence
(faunistic records) from the ,,Waldenburg am Altvater = B€la pod Pradédem* which is within
the broader surroundings of the area concerned (Uechtritz 1846; Letzner 1849-1852, 1871,
1885, 1888-1889; Roger 1856; Gerhardt 1890-1891, 1900a, b, 1902-1903, 1906, 1910;
Gabriel 1903), as well as more recent studies focused on the occurrence of ground beetles
(Rohacek 1989; Skoupy 2004; Stanovsky & Pulpan 2006) a comprehensive entomological
survey of the locality is still lacking. The only paper dealing directly with the locality of
interest still remains a record of the occurrence of lucanid Ceruchus chrysomelinus (Kasak &
Gabris 2011).

The main aims of this paper are the following: a) to gather and present the results of the
basic faunistic survey of beetles of the Borek u DomaSova NR, b) the interpretation of
occurrence of significant species and c) proposal of biodiversity-friendly management of the
study area, ensuring protection of valuable species (communities) of beetles.
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Characteristic of the area

The Borek u Domasova NR is forest type of protected area which covers the area of 13.5 ha. The area is
legislatively protected since 1990. The study site is situated 1 km to the east from the village of Béla pod
Pradédem on the south-east slope of the Zajeci hora Mt. (1011 m), the altitude ranging between 690 and 910 m
a.s.l., in faunistic square 5869 (Pruner & Mika 1996). The geological structure of the area is formed by stone
streams and debris from devonian quartzites and another important group is represented by deluvial sediments.
The debris is usually covered by vegetation of boreo-continental pine forests - habitat L8.1 sensu Habitat
Catalogue of the Czech Republic (Chytry et al. 2001), which is followed by mixed beech-spruce forest close to
nearby Zajec¢i potok brook. The small brook with natural character builds the east border of the area of interest.
The actual vegetation is dominated by Norway spruce (Picea abies), Scots pine (Pinus sylvestris), and Silver fir
(Abies alba) although European beech (Fagus sylvatica) is significantly present especially in lower parts of the
NR. The presence of huge trees up to 180 years old and rich offer of wood of different age and condition,
including dying or dead trees, fallen trunks often invaded with various fungi etc. is characteristic ot the area of
interest (Weismanova et al. 2004).

Map 1: AA = Silver fir (4bies alba), Habl = habitat of share of the brook, Hab2 = habitat of mixed beech and
spruce forest, Hab3 = habitat of boreo-continental pine forest, FS = European beech (Fagus sylvatica), PA =
Norway spruce (Picea abies), PS = Scots pine (Pinus sylvestris), WT = window traps.

Sampling methods and study sites

The main goal of this entomological survey was to collect a representative overview of beetles of various
ecological guilds. Field work was carried out during one year period from May 2011 to May 2012. The
following methods were used for sampling: individual collecting (searching adults at attractive wood, under bark
and stones, on flowers and fungi), beating, sweeping, sifting and sampling by pitfall, subterranean pitfall and
window traps. In total, 11 field trips were carried out in the area of interest for individual collecting (10.v., 26.v.,
27.vi.,11.vii., 13.vii., 2.viii., 4.ix., 9.ix., 10.x., 9.xii.2011 and 30.v.2012).

The pitfall traps consisted of a plastic beaker (8 cm diameter and 0.5 1 volume) filled in one third with
ethylene glycol for a fixation of specimens. The traps were set in three different biotopes (see Map 1): banks of
the brook, mixed beech-spruce forest and boreo-continental pine forest. Four traps were set in each habitat in
line. Subterranean pitfall traps were set in the design of lines made of four traps and were situated only in the
debris of boreo-continental pine forest. Each subterranean pitfall trap consisted of a tube (8 cm diameter, 40 cm
long) with perforations (1 cm diameter) and with a beaker in the bottom (capacity 0.3 1, filled with ethylene
glycol). The traps for collecting epigeic and edafic beetles were installed on 10.v. and regularly emptied and re-
filled on 26.v., 27.vi., 2.viii. and 9.ix.2011.

We also used four window traps, which consisted of two transparent plastic plates (40x70 cm), mounted
funnel and collecting beaker with a concentrated solution of sodium chloride. The window traps were installed at
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a height of 2 m on four partly sunlit trees (Abies alba, Pinus sylvestris, dead Fagus sylvatica and Picea abies -
for localization see Map 1). The traps were put into operation on 26.v. and later checked on 27.vi., 11.vii., 2.viii.,
4.ix. and 10.x.2011.

All material was determined by the authors of this paper and is deposited in their private collections if it is
not mentioned otherwise. Easily identifiable species were recorded immediately in the field and released back
into nature. Species categorized in the Red List of threatened species in the Czech Republic (Farkac et al. 2005)
include collecting details. The most valuable species belonging to the categories ,.critically endangered” and
»endangered* are additionally commented on. The nomenclature follows the Checklist of beetles of the Czech
Republic (Jelinek 1993) and is adjusted according to the more recent papers (Cuccodoro 2007; Bohac et al.
2007; Benedikt et al. 2010).

Abbreviations: AA = Silver fir (4bies alba), CR = Czech Republic, Habl = habitat 1 (share of the brook),
Hab2 = habitat 2 (mixed beech and spruce forest), Hab3 = habitat 3 (boreo-continental pine forest), FS =
European beech (Fagus sylvatica), NR = Nature Reserve, PA = Norway spruce (Picea abies), PT = pitfall traps,
PS = Scots pine (Pinus sylvestris), SPT = subterranean pitfall traps, WT = window traps.

Results

During the entomological survey altogether 257 species of 45 families were recorded. In
total, 25 species are listed in the Red List (Farkac¢ et al. 2005). The following species of the
Red List (Farka¢ et al. 2005) were recorded in the Borek u DomaSova NR: Ceruchus
chrysomelinus, Curimus erichsoni, Elateroides flabellicornis as critically endangered, Atrecus
longiceps, Danosoma fasciata, Dendrophagus crenatus, Diacanthous undulatus, Hylis
foveicollis, Melandrya barbata as endangered, Carabus variolosus, Denticollis rubens,
Endomychus coccineus, Epuraea laeviuscula, Lesteva monticola, Mniusa incrassata,
Omalium rugatum, Serropalpus barbatus as vulnerable and Acalles fallax, Athous zebei,
Onyxacalles pyrenaeus, Rhyncolus cf. sculpturatus, Ruteria hypocrita, Timarcha metallica,
Trachodes hispidus and Trichius fasciatus as near threatened. The species within each family
are listed alphabetically.

ALLECULIDAE

Allecula morio (Fabricius, 1787): 11.vii.2011, 2 spec.; 13.vii.2011, at night on Scots pine (Pinus sylvestris), 3
spec., all spec. O. Konvicka rev.

ANOBIIDAE

Ernobius mollis (Linnaeus, 1758): 2.viii.-4.ix.2011, WT — PA, 2 spec.

Hadrobregmus pertinax (Linnaeus, 1758): 26.v.2011, 1 spec.; 26.v.-27.vi.2011, SPT — Hab3, 1 spec.; 26.v.-
27.vi.2011, WT — FS, 1 spec.; 26.v.-27.vi.2011, WT — PA, 6 spec.; 27.vi.-11.vii.2011, WT — PA, 6 spec.;
2.vii.-4.ix.2011, WT — AA, 1 spec.; 4.ix.-10.x.2011, WT — PS, 1 spec.

Microbregma emarginatum (Duftschmid, 1825): 26.v.2011, 1 spec.; 26.v.-27.vi.2011, WT — AA, 1 spec.

Ptilinus pectinicornis (Linnaeus, 1758): 13.vii.2011, 1 spec.; 26.v.-27.vi.2011, WT — FS, 3 spec.; 27.vi.-
11.vii.2011, WT — FS, 1 spec.

Ptinomorphus imperialis (Linnaeus, 1767): 27.vi.-11.vii.2011, WT — FS;, 1 spec.

Xestobium rufovillosum (De Geer, 1774): 26.v.-27.vi.2011, WT — FS, 1 spec.; 26.v.-27.vi.2011, WT — PA, 1
spec.

ANTHRIBIDAE

Brachytarsus nebulosus Forster, 1771: 26.v.-27.vi.2011, WT — PS, 1 spec.; 10.xii.2011, under scales of bark of
Silver fir (Abies alba), 5 spec.

BUPRESTIDAE
Anthaxia helvetica Stierlin, 1868: 26.v.2011, 3 spec.

BYRRHIDAE

Byrrhus arietinus Steffahny, 1842: 10.v.-26.v.2011, PT — Hab3, 3 spec.; 26.v.-27.vi.2011, PT — Hab3, 3 spec.;
26.v.-27.vi.2011, WT — FS, 3 spec.; 27.vi.-2.viii.2011, PT — Hab3, 3 spec.; 27.vi.2011, 1 spec., all spec. det.
M. Boukal.
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Curimus erichsoni Reitter, 1881: 26.v.-27.vi.2011, WT — FS, 1 spec., J. Kasak leg. et coll., M. Boukal det.;
11.vii.-2.viii.2011, WT — FS, 1 spec., J. Kasak leg., M. Boukal det. et coll.
Species occurring in highlands and mountains of Central and Eastern Europe (cf. Mroczkowski 1958). It
lives in mosses on trees and rocks only in biotopes with natural character. Species is indicator of forest
continuity (M. Boukal pers. com.). In the Hruby Jesenik Mts. are known only old records from past in Béla
pod Pradédem (Letzner 1888) and Pradéd (Gerhardt 1910).

BYTURIDAE
Byturus tomentosus (De Geer, 1774): 26.v.2011, 2 spec.

CANTHARIDAE

Ancistronycha erichsonii Bach, 1854: 13.vii.2011, 1 spec., L. Koloni¢ny rev.
Ancistronycha violacea (Paykull, 1789): 26.v.2011, 1 spec.

Ancistronycha occipitalis (Rosenhauer, 1847): 30.v.2012, 1 spec.

Cantharis pagana Rosenhauer, 1846: 26.v.-27.vi.2011, WT — FS, 1 spec.
Cantharis paludosa Fallén, 1807: 26.v.2011, 2 spec., L. Koloni¢ny rev.
Cratosilis denticollis (Schummel, 1844): 13.vii.2011, 1 spec.

Podistra schoenherri (Dejean, 1837): 13.vii.2011, 1 spec., L. Koloni¢ny rev.

CARABIDAE

Abax parallelepipedus (Piller et Mitterpacher, 1783): 26.v.-27.vi.2011, PT — Habl1, 3 spec.; 2.viii.-9.ix.2011, PT
— Habl, 1 spec.

Carabus auronitens Fabricius, 1792: 10.v.-26.v.2011, PT — Hab2, 10 spec.; 26.v.-27.vi.2011, PT — Hab2, 7
spec.; 26.v.-27.vi.2011, PT — Hab3, 1 spec.; 26.v.-27.vi.2011, SPT — Hab3, 1 spec.; 27.vi.-2.viii.2011, PT —
Hab2, 1 spec.

Carabus glabratus Paykull, 1790: 10.v.-26.v.2011, PT — Hab3, 2 spec.; 26.v.-27.vi.2011, PT — Habl, 7 spec.;
26.v.-27.vi.2011, PT — Hab2, 1 spec.; 26.v.-27.vi.2011, PT — Hab3, 11 spec.; 26.v.-27.vi.2011, SPT — Hab3,
7 spec.; 27.vi.-2.viii.2011, PT — Hab2, 1 spec.; 27.vi.-2.viii.2011, SPT — Hab3, 1 spec.; 2.viii.-9.ix.2011, PT
— Habl, 1 spec.

Carabus intricatus Linnaeus, 1761: 10.v.-26.v.2011, PT — Hab2, 10 spec.; 10.v.-26.v.2011, PT — Hab3, 9 spec.;
26.v.-27.vi.2011, PT — Habl, 2 spec.; 26.v.-27.vi.2011, PT — Hab2, 4 spec.; 26.v.-27.vi.2011, PT — Hab2, 10
spec.; 26.v.-27.vi.2011, SPT — Hab3, 7 spec.; 26.v.-27.vi.2011, WT — FS, 1 spec.

Carabus linnaei Panzer, 1810: 10.v.-26.v.2011, PT — Hab2, 10 spec.; 10.v.-26.v.2011, PT — Hab3, 1 spec.;
26.v.-27.vi.2011, PT — Habl, 1 spec.; 26.v.-27.vi.2011, PT — Hab2, 8 spec.; 26.v.-27.vi.2011, SPT — Hab3,
2 spec., 27.vi.-2.viii.2011, PT — Hab2, 16 spec.; 27.vi.-2.viii.2011, PT — Hab3, 1 spec.; 27.vi.-2.viii.2011,
SPT — Hab3, 1 spec.; 11.vii.-2.viii.2011,WT — FS, 1 spec.; 2.viii.-9.ix.2011, PT — Habl, 5 spec., 2.viii.-
9.ix.2011, PT — Hab2, 10 spec.; 2.viii.-9.ix.2011, PT — Hab3, 5 spec.

Carabus variolosus Fabricius, 1787: 26.v.-27.vi.2011, PT — Habl, 2 spec., J. Kasak leg. et coll., F. Trnka det.

Carabus violaceus Linnaeus, 1758: 26.v.-27.vi.2011, PT — Hab2, 5 spec.; 26.v.-27.vi.2011, PT — Hab3, 2 spec.;
26.v.-27.vi.2011, SPT — Hab3, 6 spec.; 27.vi.-2.viii.2011, PT — Hab2, 6 spec.; 27.vi.-2.viii.2011, SPT —
Hab3, 1 spec.; 2.viii.-9.ix.2011, PT — Hab3, 2 spec.

Cychrus attenuatus (Fabricius, 1792): 26.v.-27.vi.2011, PT — Habl, 1 spec.; 2.viii.-9.ix.2011, PT — Hab2, 1
spec.; 2.viii.-9.ix.2011, PT — Hab3, 1 spec.

Cychrus caraboides (Linnaeus, 1758): 10.v.-26.v.2011, PT — Hab2, 2 spec.; 26.v.-27.vi.2011, PT — Habl, 1
spec.; 26.v.-27.vi.2011, SPT — Hab3, 1 spec.

Dromius agilis (Fabricius, 1787): 13.vii.2011, 1 spec.; 4.ix.-10.x.2011, WT — AA, 1 spec.

Europhilus fuliginosus (Panzer, 1809): 26.v.-27.vi.2011, PT — Habl, 2 spec.; 2.viii.-9.ix.2011, PT — Habl, 1
spec.

Loricera pilicornis (Fabricius, 1775): 27.vi.-2.viii.2011, PT — Hab3, 1 spec.

Notiophilus biguttatus (Fabricius, 1779): 26.v.-27.vi.2011, PT — Hab3, 3 spec.; 26.v.-27.vi.2011, SPT — Hab3, 2
spec.; 2.viii.-9.ix.2011, PT — Hab3, 1 spec.; 11.vii.2011, 2 spec.; 9.ix.2011, 1 spec.

Notiophilus palustris (Duftschmid, 1812): 26.v.-27.vi.2011, PT — Hab3, 1 spec.

Platynus assimilis (Paykull, 1790): 26.v.-27.vi.2011, PT — Habl1, 4 spec.; 10.x.2011, 1 spec.

Pterostichus niger (Schaller, 1783): 26.v.-27.vi.2011, PT — Habl, 6 spec.; 26.v.-27.vi.2011, PT — Hab3, 2 spec.;
26.v.-27.vi.2011, SPT — Hab3, 1 spec.; 2.viii.-9.ix.2011, PT — Hab3, 1 spec.

Pterostichus oblongopunctatus (Fabricius, 1787): 26.v.-27.vi.2011, PT — Habl, 3 spec.

Trechus pilisensis sudeticus Pawlowski, 1975: 26.v.-27.vi.2011, PT — Hab1, 2 spec., J. Stanovsky det.

Trechus striatulus Putzeys, 1847: 2.viii.-9.ix.2011, PT — Habl, 1 spec., J. Stanovsky det.

Trichotichnus laevicollis (Duftschmid, 1812): 26.v.-27.vi.2011, PT — Hab2, 2 spec.
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CERAMBYCIDAE

Alosterna tabacicolor (De Geer, 1775): 26.v.2011, 3 spec.; 26.v.-27.vi.2011, PT — Hab3, 1 spec.

Anastrangalia sanguinolenta (Linnaeus, 1761): 27.vi.2011, 5 spec., observ.

Brachyleptura maculicornis (De Geer, 1775): 27.vi.-11.vii.2011, WT — PS, 1 spec.

Carilia virginea (Linnaeus, 1758): 26.v.2011, 2 spec.; 26.v.-27.vi.2011, WT — PA, 1 spec.

Clytus lama Mulsant, 1847: 13.vii.2011, 1 spec., beaten from Norway spruce (Picea abies).

Corymbia rubra (Linnaeus, 1758): 13.vii.2011, 2 spec., observ.; 2.viii.2011, 1 spec., observ.

Evodinus clathratus (Fabricius, 1793): 26.v.2011, 4 spec., observ.

Leiopus linnei Wallin, Nylander et Kvamme, 2009: 13.vii.2011, 1 spec.

Leptura quadrifasciata Linnaeus, 1758: 13.vii.2011, 1 spec., observ.

Molorchus minor (Linnaeus, 1758): 26.v.2011, 3 spec., observ.

Obrium brunneum (Fabricius, 1793): 26.v.2011, 2 spec., observ.; 11.vii.2011, 2 spec.

Oxymirus cursor (Linnaeus, 1758): 27.vi.2011, 1 spec., observ.

Pachytodes cerambyciformis (Schrank, 1781): 27.vi.2011, 1 spec., observ.

Pidonia lurida (Fabricius, 1792): 26.v.2011, 3 spec., observ.

Rhagium bifasciatum Fabricius, 1775: 26.v.2011, 1 spec., observ.; 26.v.-27.vi.2011, SPT — Hab3, 1 spec.

Rhagium inquisitor (Linnaeus, 1758): 26.v.2011, 1 spec.; 26.v.2011, 2 spec., under bark of stump of Norway
spruce (Picea abies), observ.; 26.v.-27.vii.2011, WT — PA, 7 spec.; 27.vi.-11.vii.2011, WT — PA, 2 spec.;
10.x.2011, 1 spec.

Rhagium mordax (De Geer, 1775): 26.v.2011, 1 spec., under bark of stump of willow (Salix caprea), observ.;
26.v.-27.vi.2011, WT — FS, 2 spec.

Stenurella melanura (Linnaeus, 1758): 13.vii.2011, 1 spec., observ.

Tetropium castaneum (Linnaeus, 1758): 26.v.-27.vi.2011, WT — PA, 6 spec.; 26.v.-27.vi.2011, WT — AA, 1
spec.; 27.vi.-11.vii.2011, WT — AA, 1 spec.

Tetropium fuscum (Fabricius, 1787): 26.v.-27.vi.2011, WT — PA, 2 spec.; 30.v.2012, 1 spec.

CERYLONIDAE
Cerylon fagi C. Brisout de Barneville, 1867: 26.v.-27.vi.2011, WT — FS, 3 spec.; 27.vi-11.vii.2011, WT — FS, 1
spec.
Cerylon ferrugineum Stephens, 1830: 27.vi.-11.vii.2011, WT — FS, 1 spec., J. Vavra det.; 11.vii.-2.viii.2011, WT
—PS, 1 spec.

Cerylon histeroides (Fabricius, 1792): 26.v.2011, 1 spec.; 27.vi.-11.vii.2011, WT — FS, 1 spec.; 2.viii.-9.ix.2011,
PT — HAB2, 1 spec.

CIIDAE
Cis boleti (Scopoli, 1763): 11.vii.-2.viii.2011, WT — AA, 1 spec.
Cis fagi Waltl, 1839: 2.viii.-4.ix.2011, WT — PA, 1 spec., P. Prtdek det.
Cis glabratus Mellié, 1848: 10.x.2011, sifting of leaf litter, 1 spec., P. Priidek det.
Orthocis alni (Gyllenhal, 1813): 10.x.2011, sifting of leaf litter, 1 spec., P. Pridek det.

CLERIDAE

Thanasimus formicarius (Linnaeus, 1758): 26.v.-27.vi.2011, WT — PA, 13 spec.; 27.vi-11.vii.2011, WT — AA, 1
spec.; 27.vi-11.vii.2011, WT — PA, 14 spec.; 11.vii.2011, 1 spec.; 11.vii.-2.viii.2011, WT — PA, 3 spec.;
2.viii.-4.ix.2011, WT — AA, 1 spec.; 2.viii.-4.ix.2011, WT — PA, 2 spec.

Tillus elongatus (Linnaeus, 1758): 13.vii.2011, 1 spec.

COCCINELLIDAE

Adalia bipunctata (Linnaeus, 1758): 13.vii.2011, 1 spec.; 4.ix.-10x.2011, WT — PS, 1 spec.
Aphidecta obliterata (Linnaeus, 1758): 13.vii.2011, 1 spec.

Coccinella septempunctata Linnaeus, 1758: 11.vii.2011, 1 spec., 2.viii.-4.ix.2011, WT — AA, 2 spec.
Cynegetis impunctata (Linnaeus, 1767): 26.v.-27.vi.2011, WT — PA, 1 spec.

Mpyzia oblongoguttata (Linnaeus, 1758): 26.v.-27.vi.2011, WT — PA, 1 spec.

CRYPTOPHAGIDAE

Micrambe abietis (Paykull, 1798): 10.x.2011, sifting of leaf litter, 1 spec., P. Prudek det.
Pteryngium crenatum (Gyllenhal, 1808): 4.ix.2011, 3 spec., P. Prudek det.; 9.ix.2011, 1 spec., L. Koloni¢ny
coll., all spec. J. Vavra rev.
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CUCUJIDAE
Leptophloeus alternans (Erichson, 1846): 27.vi.2011, 1 spec., J. Vavra rev.; 11.vii.-2.viii.2011, WT — PS, 1 spec.

CURCULIONIDAE

Acalles fallax Boheman, 1844: 13.vii.2011, beaten from fallen dead twigs of a European beech (Fagus
sylvatica), 4 spec.; 4.ix.2011, beaten from fallen dead twigs of a European beech (Fagus sylvatica) and
sifting of leaf litter, 3 spec., all spec. F. Trnka leg., det. et coll.; 9.ix.2011, 1 spec., R. Gabris leg., det. et coll.

Anthonomus rubi (Herbst, 1795): 26.v.2011, swept, 1 spec.

Hylobius abietis (Linnaeus, 1758): 26.v.-27.vi.2011, PT — Hab3, 8 spec.; 26.v.-27.vi.2011, SPT — Hab3, 5 spec.;
2.viii.-9.ix.2011, PT — Hab3, 2 spec.

Hylobius pinastri (Gyllenhal, 1813): 27.vi.-2.viii.2011, PT — Hab2, 1 spec., R. Stejskal det.

Ips typographus (Linnaeus, 1758): 2.viii.-4.ix.2011, WT — AA, 3 spec.; 2.viii.-4.ix.2011, WT — PA, 3 spec.;
4.ix.-10.x.2011, WT — PA, 1 spec.

Liophloeus lentus Germar, 1824: 26.v.-27.vi.2011, PT — Habl1, 1 spec.

Liparus glabrirostris Kiister, 1849: 11.vii.2011, 1 spec.

Magdalis nitida (Gyllenhal, 1827): 26.v.-27.vi.2011, WT — PA, 1 spec.; 2.viii.-4.ix.2011, WT — PA, 1 spec.

Onyxacalles pyrenaeus (Boheman, 1844): 27.vi.-2.viii.2011, PT — Hab2, 1 spec., J. Kasak leg. et coll., F. Trnka
det.

Otiorhynchus coecus Germar, 1824: 26.v.2011, swept, 1 spec.; 26.v.-27.vi.2011, WT — FS, 1 spec.; 11.vii.2011,
1 spec.; 13.vii.2011, 2 spec.; 4.ix.2011, sifting of leaf litter, 1 spec.

Otiorhynchus equestris (Richter, 1821): 27.vi.-2.viii.2011, PT — Habl1, 1 spec.

Otiorhynchus lepidopterus (Fabricius, 1794): 26.v.2011, swept, 1 spec.; 11.vii.2011, 1 spec.

Otiorhynchus nodosus (O. F. Miiller, 1764): 27.vi.-2.viii.2011, PT — Hab3, 1 spec.; 9.ix.2011, 1 spec.

Otiorhynchus scaber (Linnaeus, 1758): 26.v.2011, 1 spec.; 26.v.-27.vi.2011, PT — Habl, 1 spec.; 26.v.-
27.vi.2011, PT — Hab2, 4 spec.; 26.v.-27.vi.2011, PT — Hab3, 5 spec.; 26.v.-27.vi.2011, SPT — Hab3, 2
spec.; 26.v.-27.vi.2011, WT — FS, 1 spec.; 26.v.-27.vi.2011, WT — PA, 1 spec.; 27.vi.-11.vii.2011, WT — FS,
1 spec.; 11.vii.2011, 2 spec.; 27.vi.-2.viii.2011, PT — Hab2, 3 spec.; 27.vi.-2.viii.2011, PT — Hab3, 1 spec.;
2.viii.-4.ix.2011, WT — FS, 8 spec.; 2.viii.-9.ix.2011, PT — Hab2, 8 spec.; 2.viii.-9.ix.2011, PT — Hab3, 3
spec.; 4.ix.2011, sifting of leaf litter, 2 spec.; 9.ix.2011, 1 spec.; 4.ix.-10.x.2011, WT — AA, 1 spec .; 4.ix.-
10.x.2011, WT = FS, 1 spec.; 4.ix.-10.x.2011, WT — PS, 1 spec.

Otiorhynchus singularis (Linnaeus, 1767): 11.vii.-2.viii.2011, WT — AA, 1 spec.; 9.ix.2011, 1 spec.

Otiorhynchus subdentatus Bach, 1854: 26.v.2011, swept, 2 spec.; 11.vii.2011. 3 spec., all spec. R. Stejskal det.

Otiorhynchus tenebricosus (Herbst, 1784): 26.v.2011, swept, 1 spec.

Phyllobius arborator (Herbst, 1797): 13.vii.2011, 1 spec., R. Stejskal det.

Phyllobius glaucus (Scopoli, 1763): 26.v.2011, beaten from shrubs, 3 spec.

Phyllobius pomaceus Gyllenhal, 1834: 26.v.2011, swept, 1 spec.

Pityogenes bidentatus (Herbst, 1784): 26.vi.-27.vi.2011, WT — AA, 3 spec.

Polydrusus cervinus (Linnaeus, 1758): 26.v.2011, beaten from shrubs, 1 spec., R. Stejskal det.

Polydrusus impar Des Gozis, 1882: 26.v.-27.vi.2011, WT — PS, 1 spec., R. Stejskal det.; 27.vi.-11.vii.2011, WT
—PS, 1 spec.; 13.vii.2011, 1 spec.; 27.vi.-2.viii.2011, WT — PS, 1 spec.

Polydrusus pallidus Gyllenhal, 1834: 11.vii.2011, 1 spec.; 13.vii.2011, 1 spec., R. Stejskal det.

Polydrusus tereticollis (De Geer, 1775): 26.v.2011, 1 spec.

Rhinoncus pericarpius (Linnaeus, 1758): 26.v.2011, swept, 1 spec., R. Stejskal det.

Rhyncolus ater (Linnaeus, 1758): 26.v.-27.vi.2011, PT — Hab3, 1 spec.; 26.v.-27.vi.2011, SPT — Hab3, 1 spec.;
26.v.-27.vi.2011, WT — PS, 1 spec.; 27.vi.-11.vii.2011, WT — AA, 1 spec.; 11.vii.2011, 6 spec.; 27.vi.-
2.viit.2011, PT — Hab2, 1 spec., 27.vi.-2.viii.2011, SPT — Hab3, 1 spec.; 4.ix.2011, 3 spec., all spec. R.
Stejskal det.

Rhyncolus cf. sculpturatus Waltl, 1839: 26.v.-27.vi.2011, WT — AA, 1 spec.; 26.v.-27.vi.2011, WT — PA, 2
spec.; 11.vii.2011, 3 spec., all spec. F. Trnka leg. et coll., R. Stejskal det.

Ruteria hypocrita (Boheman, 1837): 27.vi.2011, 1 spec., on dead fallen trunk of European beech (Fagus
sylvatica), J. Kasak leg., det. et coll.

Scleropteridius fallax Otto, 1897: 27.vi.-11.vii.2011, WT — FS, 1 spec.

Simo hirticornis (Herbst, 1795): 27.vi.-2.viii.2011, PT — Hab3, 2 spec.; 11.vii.2011, 1 spec.; 2.viii-4.ix.2011, WT
—FS, 1 spec.

Strophosoma melanogrammum (Forster, 1771): 26.v-27.vi.2011, PT — Hab2, 1 spec.; 26.v.-27.vi.2011, PT —
Hab3, 2 spec.; 26.v.-27.vi.2011, SPT — Hab3, 3 spec.; 27.vi.-2.vii.2011, PT — Hab2, 1 spec.; 2.vii.-9.ix.2011,
PT — Hab2, 2 spec.

Trachodes hispidus (Linnaeus, 1758): 13.vii.2011, 2 spec., F. Trnka leg., det. et coll.
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Trypodendron lineatum (Olivier, 1795): 26.v.-27.vi.2011, WT — FS, 1 spec.; 27.vi.-11.vii.2011, WT — PA, 12
spec.; 11.vii.-2.viii.2011, WT — PA, 1 spec.; 2.viii.-4.ix.2011, WT — PA, 2 spec.; 4.ix.-10.x.2011, 5 spec.

DASYTIDAE

Aplocnemus nigricornis (Fabricius, 1792): 26.v.-27.vi.2011, WT — AA, 1 spec.; 11.vii.2011, beaten, 1 spec.
Dasytes obscurus Gyllenhal, 1813: 13.vii.2011, 1 spec.

DERMESTIDAE
Anthrenus fuscus Olivier, 1789: 2.viii.-4.ix.2011, WT — AA, 1 spec., J. Vavra rev.

ELATERIDAE

Agriotes obscurus (Linnaeus, 1758): 30.v.2012, 1 spec.

Ampedus aethiops (Lacordaire, 1835): 27.vi.-11.vii.2011, WT — PS, 1 spec.

Ampedus balteatus (Linnaeus, 1758): 26.v.-27.vi.2011, WT — PS, 5 spec.; 27.vi.-11.vii.2011, WT — PS, 12 spec.;
11.vii.2011, 2 spec.; 11.vii.-2.viii.2011, WT — PS, 2 spec., J. Vavra rev.; 2.viii-4.ix.2011, WT — AA, 1 spec.

Ampedus erythrogonus (P. W. J. Miiller, 1821): 26.v.-27.vi.2011, WT — PA, 1 spec.; 26.v.-27.vi.2011, WT — PS,
1 spec., J. Vavra det.; 27.vi.-11.vii.2011, WT — AA, 1 spec.; 27.vi.-11.vii.2011, WT — PA, 1 spec.; 27.vi.-
11.vii.2011, WT - PS, 2 spec.; 11.vii.-2.viii.2011, WT — PA, 2 spec., J. Vavra rev.

Ampedus nigrinus (Herbst, 1784): 26.v.-27.vi.2011, WT — PA, 1 spec.; 2.viii.-4.ix.2011, WT — PA, 1 spec., all
spec. J. Vavra det.

Athous subfuscus (O. F. Miiller, 1767): 26.v.2011, 2 spec.; 26.v.-27.vi.2011, WT — AA, 2 spec.; 26.v.-
27.vi.2011, WT — AA, 2 spec.; 26.v.-27.vi.2011, WT — ES, 1 spec.; 26.v.-27.vi.2011, WT — PS, 1 spec.;
27.vi.-11.vii.2011, WT — PA, 1 spec.; 11.vii.2011, swept, 1 spec.; 11.vii.-2.viii.2011, WT — AA, 1 spec., J.
Vavra rev.; 10.x.2011, sifting of leaf litter, 1 spec.

Athous zebei Bach, 1854: 26.v.2011, 2 spec., F. Trnka leg.; 26.v.-27.vi.2011, WT - FS, 1 spec., J. Kasak leg. et
coll., J. Vavrarev.; 26.v.-27.vi.2011, WT — PA, 1 spec., J. Kasak leg.; 26.v.-27.vi.2011, WT — PS, 1 spec., J.
Kasak leg.; 27.vi.-11.vii.2011, WT — PA, 1 spec., F. Trnka leg.; 27.vi.-2.viii.2011, SPT — Hab3, 1 spec., J.
Kasak leg., all spec. R. Gabris det.

Cardiophorus ruficollis (Linnaeus, 1758): 26.v.-27.vi.2011, WT — PS, 1 spec.; 11.vii.-2.viii.2011, WT — PS, 2
spec., J. Vavra rev.

Ctenicera cuprea (Fabricius, 1781): 26.v.2011, 1 spec.

Ctenicera pectinicornis (Linnaeus, 1758): 26.v.-27.vi.2011, WT — PA, 1 spec.

Dalopius marginatus (Linnaeus, 1758): 26.v.2011, 1 spec.; 26.v.-27.vi.2011, WT — PS, 1 spec.; 13.vii.2011, 1
spec.

Danosoma fasciata (Linnaeus, 1758): 11.vii.2011, 1 spec., under bark of dead fallen Scots pine (Pinus

sylvestris), R. Gabris leg., det. et coll.
Boreo-montane species, living in old coniferous and mixed forests. Larvae live under bark and upper part of
wood of fallen coniferous trees. In CR it is present only locally and is becoming rare (Laibner 2000; Bohad
& Matgjicek 2004). Historically, this click beetle was recorded from more localities of the Hruby Jesenik
Mts.: Cervend hora Mt., Karlova Studanka, Pradéd Mt., Vernifovice, Vidly etc. (Kelch 1846, Gerhardt
1910). Discovery of Danosoma fasciata in the Borek u Domasova NR is first publicated information of the
occurrence after more than 100 years in Hruby Jesenik Mts.

Denticollis linearis (Linnaeus, 1758): 26.v.-27.vi.2011, WT — FS, 2 spec., J. Vavra det.

Denticollis rubens Piller et Mitterpacher, 1783: 30.v.2012, 1 spec., R. Gabris leg., det. et coll.

Diacanthous undulatus (De Geer, 1774): 10.x.2011, 4 larvae and elytrae of adult under bark of dead fallen trunk
of Norway spruce (Picea abies), J. Kasak observ. et det.

Boreo-montane species, larvae develop under the bark or in upper layers of dead wood, mainly in coniferous
trees. The species is local and rare in the CR (Laibner 2000). There are only few recent records of this click-
beetle from Hruby Jesenik Mts.: Pradéd (Vavra 2003), Vidly (Kasak & Gabris 2011).

Limonius aeneoniger (De Geer, 1774): 26.v.2011, 1 spec.; 26.v.-27.vi.2011, WT — AA, 1 spec.; 26.v.-27.vi.2011,
WT —PA, 3 spec.; 26.v.-27.vi.2011, WT — PS, 1 spec.; 27.vi.-11.vii.2011, WT — PS, 1 spec.

Melanotus castanipes (Paykull, 1800): 26.v.-27.vi.2011, WT — FS, 9 spec.; 11.vii.-2.viii.2011, WT — AA, 1
spec., all spec. T. Sitek det.

ENDOMYCHIDAE

Endomychus coccineus (Linnaeus, 1758): 26.v.2011, on dead fallen trunk of European beech (Fagus sylvatica)
with fungi, 1 spec., R. Gabris leg., det. et coll.; 11.vii.2011, on dead fallen trunk of European beech (Fagus
sylvatica) with fungi, 1 spec., F. Trnka leg., det. et coll.
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Mycetina cruciata (Schaller, 1783): 26.v.2011, 1 spec.; 2.viii.-4.ix.2011, WT — AA, 1 spec.

EUCNEMIDAE

Hylis foveicollis (C. G. Thomson, 1874): 2.viii.-4.ix.2011, WT — AA, 1 spec., F. Trnka leg., R. Gabris det., J.
Vavra rev., J. Kasak coll.
Species occurring mainly in mountain regions of Central and Northern Europe. It inhabits forests with

natural character. Development in dead wood of various deciduous trees in certain stage of decomposition
(Burakowski et al. 2000).

GEOTRUPIDAE

Anoplotrupes stercorosus (Hartmann in L. G. Scriba, 1791): 10.v.-26.v.2011, PT — Hab2, 1 spec.; 26.v.-
27.vi.2011, PT — Habl, 1 spec.; 26.v.-27.vi.2011, PT — Hab2, 14 spec.; 26.v.-27.vi.2011, PT — Hab3, 1
spec.; 26.v.-27.vi.2011, SPT — Hab3, 1 spec.; 27.vi.-2.viii.2011, PT — Hab2, 9 spec.; 27.vi.-2.viii.2011, PT —
Hab3, 1 spec.; 27.vi.-2.viii.2011, SPT — Hab3, 2 spec.; 2.viii.-9.ix.2011, PT — Hab2, 5 spec., 2.viii.-
9.ix.2011, PT — Hab3, 1 spec.

HISTERIDAE

Margarinotus striola succicola (C. G. Thomson, 1882): 26.v.-27.vi..2011, WT — AA, 1 spec., J. Vavra det.
Plegaderus vulneratus (Panzer, 1792): 2.viii.-4.ix..2011, WT — PA, 1 spec., J. Vavra rev.

CHRYSOMELIDAE

Asiorestia femorata (Gyllenhal, 1813): 30.v.2012, 1 spec.

Gastrophysa viridula (De Geer, 1775): 26.v.2011, 1 spec.

Gonioctena viminalis (Linnaeus, 1758): 13.vii.2011, 1 spec.

Gonioctena quinquepunctata (Fabricius, 1787): 11.vii.2011, 2 spec., J. Pelikan det.

Hydrothassa marginella (Linnaeus, 1758): 26.v.2011, 1 spec.

Longitarsus suturellus (Duftschmid, 1825): 26.v.2011, 1 spec., P. Boza det.

Oulema gallaeciana (Heyden, 1870): 26.v.2011, 1 spec.

Plateumaris consimilis (Schrank, 1781): 30.v.2012, 1 spec.

Psylliodes napi (Fabricius, 1792): 4.ix.2011, 1 spec., P. Boza det.

Sclerophaedon carniolicus (Germar, 1824): 26.v.-27.vi.2011, PT — Habl1, 1 spec., J. Stanovsky det.

Sphaeroderma testaceum (Fabricius, 1775): 11.vii.2011, 1 spec., P. Boza det.

Timarcha metallica (Laicharting, 1781): 26.v.-27.vi.2011, PT — Hab3, 1 spec., J. Kasak leg. et coll., F. Trnka
det.; 26.v.-27.vi.2011, SPT — Hab3, 1 spec., J. Kasak leg. et coll., F. Trnka det.; 27.vi.-2.viii.2011, PT —
Habl, 1 spec., J. Kasak leg. et coll., J. Stanovsky det.; 27.vi.-2.viii.2011, PT — Hab3, 1 spec., J. Kasak leg. et
coll., J. Stanovsky det.

LAGRIIDAE
Lagria hirta (Linnaeus, 1758): 11.vii.2011, 2 spec.

LATRIDIIDAE

Aridius nodifer (Westwood, 1839): 2.viii.-4.ix.2011, WT — PA, 1 spec.; 4.ix.-10.x.2011, WT — PS, 1 spec.

Dienerella vincenti Johnson, 2007: 10.x.2011, sifting of leaf litter, 1 spec., P. Prudek det.

Enicmus rugosus (Herbst, 1793): 11.vii.-2.viii.2011, WT — PA, 1 spec., P. Prudek det.

Latridius hirtus Gyllenhal, 1827: 2.viii.-4.9.2011, WT — PA, 1 spec.

Stephostethus alternans (Mannerheim, 1844): 26.v.2011, beaten, 1 spec.; 4.ix.2011, 2 spec., P. Pradek det.;
10.x.2011, sifting from leaf litter, 1 spec., P. Prudek det.

Stephostethus rugicollis (Olivier, 1790): 27.vi.-11.vii.2011, WT — PA, 1 spec.

LEIODIDAE

Anisotoma castanea (Herbst, 1791): 26.v.-27.vi.2011, WT — PA, 1 spec.; 27.vi.2011, 1 spec.; 27.vi.-2.viii.2011,
PT — Hab2, 1 spec.; 11.vii-2.viii.2011, WT — FS, 1 spec.; 11.vii.-2.viii.2011, WT — PA, 1 spec., all spec. J.
Vavra det.

Anisotoma humeralis (Fabricius, 1792): 27.vi.2011, 1 spec.; 27.vi-11.vii.2011, WT — FS, 1 spec., all spec. J.
Vavra det.

Catops fuliginosus Erichson, 1837: 26.v.-27.vi.2011, PT — Hab2, 1 spec., J. Vavra det.

Catops kirbyi (Spence, 1815): 26.v.-27.vi.2011, PT — Habl1, 1 spec., J. Vavra det.
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Catops nigrita (Erichson, 1837): 26.v.-27.vi.2011, PT — Hab2, 2 spec.; 26.v.-27.vi.2011, PT — Hab3, 3 spec.;
26.v.-27.vi.2011, SPT — Hab3, 1 spec.; 2.viii.-9.ix.2011, PT — Hab2, 1 spec.; 2.viii.-9.ix.2011, PT — Hab3, 1
spec., all spec. J. Vavra det.

Catops subfuscus Kellner, 1846: 26.v.-27.vi.2011, PT — Hab2, 4 spec.; 26.v.-27.vi.2011, PT — Hab3, 4 spec.;
27.vi.-2.viii.2011, PT — Habl, 1 spec.; 27.vi.-2.viii.2011, PT — Hab2, 1 spec.; 27.vi.-2.viii.2011, PT — Hab3,
2 spec., all spec. J. Vavra det.

Catops tristis (Panzer, 1794): 2.viii.-9.ix.2011, PT — Hab2, 1 spec., J. Vavra det.

Sciodrepoides watsoni (Spence, 1815): 26.v.-27.vi.2011, PT — Hab3, 19 spec.; 26.v.-27.vi.2011, SPT — Hab3, 1
spec.; 2.viii.-9.ix.2011, SPT — Hab3, 1 spec., all spec. J. Vavra det.

LUCANIDAE

Ceruchus chrysomelinus (Hochenwarth, 1785): 26.v.2011, in rotten wood of fallen Silver fir (4bies alba), 13

spec., observ. et det. J. Kasak; 26.v.-27.vi.2011, WT — PA, 1 spec., J. Kasak, leg., det. et coll.; 13.vii.2011,
at night on dead Silver fir (4bies alba), 1 spec., J. Kasak, observ. et det.
Boreo-montane species occurring throughout the Europe. Larvae develop in rotten wood of firs (4bies alba),
spruces (Picea abies) and rarely also in other tree species (Balthasar 1956). In the CR it lives mainly in
higher mountains, but locally. From Hruby Jesenik Mts. was presented in past from Karlova Studanka and
massif of Pradéd Mt. (Reitter 1870, Gerhardt 1910). From Hruby Jesenik it is known recently only from
Borek u Domasova (Kasak & Gabris 2011), Kouty nad Desnou - 4.x.2012, 2 spec., in fallen trunk of alder
(Alnus sp.), V. Slezak observ. and the Skalni potok NR - 1.xii.2012, 5 spec. in fallen trunks of Silver fir
(Abies alba) and Norway spruce (Picea abies), J. Kasak observ.

Sinodendron cylindricum (Linnaeus, 1758): 26.v.2011, 1 spec.; 26.v.-27.vi.2011, WT — FS, 17 spec.; 27.vi.-
11.vii.2011, WT — FS, 17 spec.; 11.vii.2011, 1 spec.

LYCIDAE

Lygistopterus sanguineus (Linnaeus, 1758): 11.vii.2011, 8 spec.

Platycis minutus (Fabricius, 1787): 2.viii.2011, 4 spec.

Pyropterus nigroruber (De Geer, 1774): 11.vii.2011, 1 spec.; 13.vii.2011, beaten from branches of dead fallen
European beech (Fagus sylvatica), 2 spec.

LYMEXYLIDAE

Elateroides flabellicornis (Schneider, 1791): 26.v.-27.vi.2011, WT — PA, 6 spec., J. Kasak leg. et coll., J. Vavra
det.
The taxonomic status of this species has been not reliably solved. Species is characterized as a relict of taiga
fauna. It occurs very sporadically throughout Central Europe. Larvae develop mainly in Norway spruce
(Picea abies) and Silver fir (Abies alba). Recently, the species is known in CR only from few localities,
mainly in the Moravskoslezské Beskydy Mts. (Koliba¢ et al. 1983; Vavra 2005). Single record is from
Sluzovice near Opava (Koliba¢ et al. 1983) and the Sklenatovické tidoli Natural Monument in the Giant
Mts. (Kopecky & Mikat 2012). This record is first published evidence of occurrence in the Hruby Jesenik
Mts.

Elateroides dermestoides (Linnaeus, 1761): 26.v.-27.vi.2011, WT — PA, 1 spec., J. Vavra det.

MELANDRYIDAE

Hallomenus binotatus (Quensel, 1790): 11.vii.-2.vii.2011, WT — PA, 1 spec.; 2.vii.-4.ix.2011, WT — AA, 1 spec.;
2.vii.-4.ix.2011, WT — PA, 1 spec.

Melandrya barbata (Fabricius, 1792): 26.v.-27.vi.2011, WT — FS, 1 spec., J. Kasak leg., det. et coll., J. Vavra
rev.

In Central Europe rare species (Kubisz et al. 2010) usually lives in natural rich forest (Jelinek 1996). Larvae
develop in dead wood of beeches (Fagus sp.) and other deciduous trees (Burakowski et al. 1987). This
record is first published evidence of occurrence in the Hruby Jesenik Mts.

Orchesia minor Walker, 1837: 11.vii.2011, beaten from branches of dead fallen European beech (Fagus
sylvatica), 1 spec., O. Konvicka det.; 4.ix.2011, 1 spec.

Orchesia undulata Kraatz, 1853: 26.v.2011, beaten from branches of dead fallen European beech (Fagus
sylvatica), 3 spec., all spec. O. Konvicka rev.; 13.vii.2011, beaten from branches of dead fallen European
beech (Fagus sylvatica), 2 spec.

Phloiotrya rufipes (Gyllenhal, 1810): 13.vii.2011, beaten from branches of dead fallen European beech (Fagus
sylvatica), 2 spec.
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Serropalpus barbatus (Schaller, 1783): 26.v.-27.vi.2011, WT — FS, 1 spec., J. Kasak leg. et coll., R. Gabri§ det.,
J. Vavra rev.

RHIZOPHAGIDAE

Rhizophagus bipustulatus (Fabricius, 1792): 27.vi.-11.vii.2011, WT — PA, 4 spec.

Rhizophagus dispar (Paykull, 1800): 26.v.-27.vi.2011, PTF — Hab3, 2 spec.; 27.vi.-11.vii.2011, WT — FS, 1
spec.; 27.vi.-11.vii.2011, WT — PA, 3 spec.; 27.vi.-11.vii.2011, WT — PS, 1 spec.; 2.viii.-4.ix.2011, WT —
PA, 1 spec.

Rhizophagus ferrugineus (Paykull, 1800): 26.v.-27.vi.2011, WT — PA, 1 spec.; 26.v.-27.vi.2011, WT — PS, 1
spec.

Rhizophagus nitidulus (Fabricius, 1798): 26.v.-27.vi.2011, WT — FS, 1 spec.; 26.v.-27.vi.2011, WT — PA, 9
spec.; 27.vi.-11.vii.2011, WT — PA, 3 spec.; 11.vii.-2.viii.2011, WT — PA, 2 spec.

Rhizophagus perforatus Erichson, 1845: 26.v.2011, 1 spec.

MYCETOPHAGIDAE

Mycetophagus atomarius (Fabricius, 1787): 26.v.-27.vi.2011, WT — FS, 1 spec.; 2.viii.-4.ix.2011, WT — FS, 3
spec., all spec. J. Vavra rev.

NITIDULIDAE

Cychramus variegatus (Herbst, 1792): 26.v.2011, 2 spec.; 2.viii.-4.ix.2011, WT — FS, 4 spec.; 4.ix.2011, 2 spec.

Epuraea angustula Sturm, 1844: 2.viii.-4.ix.2011, WT — AA, 1 spec., J. Jelinek det.

Epuraea laeviuscula (Gyllenhal, 1827): 11.vii.-2.viii.2011, WT — PA, 2 spec.; 2.viii.-4.ix.2011, WT — PA, 2
spec., all spec. J. Kasak leg. et coll., J. Jelinek det.

Epuraea marseuli Reitter, 1872: 26.v.-27.vi.2011, WT — PA, 5 spec.; 11.vii.-2.viii.2011, WT — PA, 8 spec.;
2.viii.-4.ix.2011, WT — PA, 1 spec., all spec. J. Jelinek det.

Epuraea pallescens (Stephens, 1830): 27.vi.-11.vii.2011, WT — PS, 1 spec., J. Jelinek det.

Epuraea pygmaea (Gyllenhal, 1808): 26.v.-27.vi.2011, WT — PA, 1 spec.; 11.vii.-2.viii.2011, WT — PA, 1 spec.;
2.viii.-4.ix.2011, WT — PA, 2 spec., all spec. J. Jelinek det.

Epuraea thoracica Tournier, 1872: 11.vii.-2.viii.2011, WT — PA, 1 spec., J. Jelinek det.

Epuraea variegata (Herbst, 1793): 13.vii.2011, 1 spec., J. Jelinek det.

Meligethes aeneus (Fabricius, 1775): 26.v.-27.vi.2011, WT — PA, 1 spec., J. Jelinek det.

Pityophagus ferrugineus (Linnaeus, 1761): 26.v.-27.vi.2011, SPT — Hab3, 1 spec.; 26.v.-27.vi.2011, WT — PA, 3
spec.; 27.vi.-11.vii.2011, WT — PA, 3 spec.

Pocadius ferrugineus (Fabricius, 1775): 26.v.2011, 1 spec.

PYROCHROIDAE

Pyrochroa coccinea (Linnaeus, 1761): 26.v.2011, 2 spec., observ.
Schizotus pectinicornis (Linnaeus, 1758): 30.v.2012, 1 spec.

SALPINGIDAE
Salpingus ruficollis (Linnaeus, 1761): 2.viii.-4.ix.2011, WT — PA, 1 spec.; 11.vii.2011, 1 spec.

SCARABAEIDAE

Aphodius depressus (Kugelann, 1792): 30.v.2012, 1 spec.
Trichius fasciatus (Linnaeus, 1758): 11.vii.2011, on flower of family Apiaceae, 1 spec. F. Trnka leg., det. et coll.

SILPHIDAE

Nicrophorus investigator Zetterstedt, 1824: 2.viii.-4.ix.2011, WT — AA, 6 spec.

Nicrophorus vespilloides Herbst, 1784: 26.v.-27.vi.2011, PT — Hab2, 64 spec.; 26.v.-27.vi.2011, PT — Hab3, 53
spec.; 27.vi.-2.viii.2011, PT — Hab3, 14 spec.; 27.vi.-2.viii.2011, SPT — Hab3, 1 spec.; 2.viii.-9.ix.2011, PT
—Habl, 2 spec.; 2.viii.-9.ix.2011, PT — Hab2, 1 spec.; 2.viii.-9.ix.2011, PT — Hab3, 1 spec.

Oiceoptoma thoracicum (Linnaeus, 1758): 2.viii.-9.ix.2011, PT — Habl, 2 spec.; 2.viii.-9.ix.2011, PT — Hab2, 1
spec.

Phosphuga atrata (Linnaeus, 1758): 26.v.-27.vi.2011, PT — Hab1, 4 spec.
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SILVANIDAE

Dendrophagus crenatus (Paykull, 1799): 27.vi.-11.vii.2011, WT — AA, 1 spec., F. Trnka leg., det. et coll.
Rare boreo-montane species, lives under the loose bark of dead coniferous trees (Burakowski et al. 1986). In
the CR it occurs mainly in Moravian mountains (Mertlik 2011). Species was historically recorded in the
Hruby Jesenik Mts. in Karlova Studanka (Letzner 1871; Gerhardt 1910), recently discovered in the Jeleni
Bucina NR (2009, J. Vavra observ.), Malé¢ Bradlo Mt., Pradéd Mt., Skalni potok NR and Suchy vrch NR (all
2012, J. Kasak observ.).

SPHAERITIDAE
Sphaerites glabratus (Fabricius, 1773): 26.v.-27.vi.2011, PT — Habl, 1 spec., J. Vavra rev.

STAPHYLINIDAE

Acrulia inflata (Gyllenhal, 1813): 10.v.2011, on fungi, 2 spec.

Atheta britanniae Bernhauer et Scheerpeltz, 1926: 26.v.-27.vi.2011, PT — Hab2, 4 spec.; 26.v.-27.vi.2011, PT —
Hab3, 7 spec.; 2.viii.-9.ix.2011, PT — Hab2, 1 spec., all spec. M. Manti¢ det.

Atheta crassicornis (Fabricius, 1792): 2.viii.-9.ix.2011, PT — Hab2, 1 spec., M. Manti¢ det.

Atrecus affinis (Paykull, 1789): 27.vi.-11.vii.2011, WT — FS, 1 spec.

Atrecus longiceps (Fauvel, 1873): 11.v.2011, 1 spec.; 30.v.2012 1 spec., all spec. R. Gabris leg., det. et coll.
Rare montane species living under a bark of dead coniferous trees (Smetana 1958) in the Hruby Jesenik Mts.
known from Kouty nad Desnou (Vavra 2003), historical data from the Pradéd Mt.(Gerhardt 1910).

Bisnius fimetarius (Gravenhorst, 1802): 2.viii.-9.ix.2011, PT — Hab1, 1 spec., M. Manti¢ det.

Bryaxis nodicornis (Aubé, 1833): 30.v.2012, sifted base of dead European beech (Fagus sylvatica), 10 spec.

Dinothenarus fossor (Scopoli, 1772): 27.vi.-2.vii.2011, PT — Hab3, 1 spec., M. Manti¢ det.

Eusphalerum signatum (Mérkel, 1857): 26.v.-27.vi.2011, PT — Hab3, 1 spec.; 26.v.-27.vi.2011, WT — PS, 1
spec., all spec. M. Mantic¢ det.

Geostiba circellaris (Gravenhorst, 1806): 11.v.2011, 1 spec., M. Manti¢ det.

Leptusa fumida (Erichson, 1839): 26.v.2011, 1 spec., M. Mantic¢ det.

Lesteva longoelytrata (Goeze, 1777): 26.v.-27.vi.2011, PT — Habl, 4 spec.; 10.x.2011, sifting of leaf litter, 6
spec., all spec. M. Mantic det.

Lesteva monticola Kiesenwetter, 1847: 26.v.-27.vi.2011, PT — Habl, 4 spec., J. Kasak leg. et coll., M. Manti¢
det.

Lordithon lunulatus (Linnaeus, 1761): 26.v.-27.vi.2011, WT — FS, 4 spec.

Lordithon thoracicus (Fabricius, 1776): 2.vii.-9.ix.2011, PT — Habl1, 1 spec., M. Mantic¢ det.

Megarthrus nitidulus Kraatz, 1858: 2.vii.-9.ix.2011, PT — Habl1, 1 spec., M. Manti¢ det.

Mniusa incrassata (Mulsant et Rey, 1851): 26.v.-27.vi.2011, PT — Hab3, 1 spec., J. Kasak leg. et coll., M.
Manti¢ det.

Nudobius lentus (Gravenhorst, 1806): 9.ix.-10.x.2011, WT — PA, 2 spec.

Omalium caesum Gravenhorst, 1806: 26.v.-27.vi.2011, PT — Habl, 1 spec.; 2.vii.-9.ix.2011, PT — Hab3, 1 spec.,
all spec. M. Mantic det.

Omalium rivulare (Paykull, 1789): 26.v.-27.vi.2011, PT — Habl, 2 spec.; 2.vii.-9.ix.2011, PT — Hab1, 1 spec., all
spec. M. Manti¢ det.

Omalium rugatum Mulsant et Rey, 1880: 26.v.-27.vi.2011, PT — Habl, 1 spec., J. Kasak leg. et coll., M. Manti¢
det.

Oxypoda formosa Kraatz, 1856: 26.v.-27.vi.2011, PT — Habl, 3 spec., M. Manti¢ det.

Oxypoda opaca (Gravenhorst, 1802): 10.x.2011, sifting of leaf litter, 1 spec., M. Manti¢. det.

Parabolitobius inclinans (Gravenhorst, 1806): 26.v.2011, 1 spec., M. Manti¢. det.

Philonthus decorus (Gravenhorst, 1802): 26.v.-27.vi.2011, PT — Habl, 6 spec.; 2.vii.-9.ix.2011, PT — Habl, 3
spec., all spec. M. Mantic¢ det.

Phloenomus pusillus (Gravenhorst, 1806): 27.vi.-11.vii.2011, WT — PA, 1 spec.

Phyllodrepa melanocephala (Fabricius, 1787): 26.v.-27.vi.2011, PT — Hab2, 5 spec.

Plectophloeus fischeri (Aubé, 1833): 26.v.2011, 1 spec.; 26.v.-27.vi.2011, WT — FS, 1 spec.; 26.v.-27.vi.2011,
WT —PS, 8 spec.; 27.vi.-11.vii.2011, WT — PA, 1 spec.; 11.vii.-2.viii.2011, WT — PS, 30 spec.

Pselaphus heisei Herbst, 1792: 11.vii.2011, sifting of leaf litter, 1 spec.

Proteinus atomarius Erichson, 1840: 26.v.-27.vi.2011, PT — Hab1, 2 spec.; 26.v.-27.vi.2011, PT — Hab3, 3 spec.,
all spec. M. Manti¢ det.

Quedius limbatus Heer, 1839: 26.v.-27.vi.2011, WT — AA, 1 spec.

Quedius mesomelinus (Marsham, 1802): 10.x.2011, sifted and individually collected, 5 spec., M. Mantic. det.;
27.vi.-11.vii.2011, WT — FS, 1 spec.; 11.vii.2011, 1 spec.; 2.viii.-4.ix.2011, WT — FS, 1 spec.; 4.ix.-
10.x.2011, WT - PS, 1 spec.
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Quedius plagiatus Mannerheim, 1843: 11.vii.2011, 2 spec.

Quedius umbrinus Erichson, 1839: 26.v.-27.vi.2011, PT — Hab1, 2 spec., M. Manti¢ det.
Rugilus rufipes Germar, 1836: 26.v.-27.vi.2011, WT — PA, 1 spec.

Scaphidium quadrimaculatum Olivier, 1790: 10.v.2011, beaten, 1 spec.; 9.ix.2011, 2 spec.
Scaphisoma agaricinum (Linnaeus, 1758): 22.vi.-11.vii.2011, WT — FS, 1 spec.

Scopaeus sulcicollis (Stephens, 1833): 11.vii.2011, 1 spec., M. Mantic. det.

Staphylinus erythropterus Linnaeus, 1758: 26.v.-27.vi.2011, PT — Habl, 4 spec., M. Manti¢ det.
Stenus glacialis Heer, 1838: 11.vii.2011, 1 spec., M. Manti¢. det. et coll.

Tachinus laticollis Gravenhorst, 1802: 2.vii.-9.ix.2011, PT — Habl, 1 spec., M. Manti¢ det.
Tachinus pallipes (Gravenhorst, 1806): 2.vii.-9.ix.2011, PT — Hab2, 1 spec., M. Mantic¢ det.
Tachinus signatus (Gravenhorst, 1802): 26.v.-27.vi.2011, PT — Habl, 1 spec., M. Manti¢ det.
Tyrus mucronatus (Panzer, 1805): 27.vi.-11.vii.2011, 1 spec.

Xantholinus tricolor (Fabricius, 1787): 26.v.-27.vi.2011, PT — Hab3, 3 spec., M. Manti¢ det.

TENEBRIONIDAE

Bolitophagus reticulatus (Linnaeus, 1767): 11.vii.2011, 1 spec.
Corticeus unicolor Piller et Mitterpacher, 1783: 11.vii.2011, 1 spec.
Scaphidema metallicum (Fabricius, 1792): 13.vii.2011, 1 spec.

TETRATOMIDAE
Tetratoma ancora Fabricius, 1790: 11.vii.-2.vii.2011, WT — FS, 2 spec.; 2.vii.-4.ix.2011, WT - FS, 1 spec.

THROSCIDAE

Trixagus carinifrons (Bonvouloir, 1859): 13.vii.2011, 1 spec.

TROGOSSITIDAE

Nemozoma elongatum (Linnaeus, 1761): 26.v.-27.vi.2011, WT — PS, 1 spec.; 27.vi.-11.vii.2011, WT — PA, 1
spec.

Ostoma ferruginea (Linnaeus, 1758): 26.v.2011, on fungi on Silver fir (4bies alba), 6 spec.; 11.vii.2011, 2 spec.;
10.x.2011, 1 spec.

Thymalus limbatus (Fabricius, 1787): 26.v.-27.vi.2011, WT — PA, 1 spec.; 11.vii.2011, 2 spec.; 13.vii.2011, at
night on fungi on Silver fir (4bies alba), 2 spec.

Faunistic evaluation

The fauna of beetles of the Hruby Jesenik Mts. has not been completely elaborated yet,
nevertheless, it is very diversified with more than 750 species recorded in the most valuable
area of the Hruby Jesenik Mts. — the Pradéd Mt. and its environs (Véavra 2003). Only 257
species of beetles were recorded during our entomological survey. Lower number can be
explained due to the absence of open habitats (meadows, pastures, subalpine tundra etc.).
Alike, in the highest parts of the mountain range, including the top of Pradéd Mt., we found
the following boreo-montane and relict saproxylic species also in the Borek u Domasova NR:
Dendrophagus crenatus and Diacanthous undulatus. Among the most significant faunistic
findings belongs especially the first published information of occurrence in the Hruby Jesenik
Mts.: a) to date Elateroides flabellicornis and Melandrya barbata and b) after more than 100
years - Curimus erichsoni and Danosoma fasciata.

Conservation evaluation

The community structure of beetles corresponds to the habitat heterogeneity of the natural
(or seminatural) mountain forest. The composition of species varies with different ecological
conditions in accordance with demand of each group of guild. From nature-conservation point
of view, the most valuable are assemblages of saproxylic beetles depending upon old-growth
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forest habitat (Ceruchus chrysomelinus, Curimus erichsoni, Danosoma fasciata,
Dendrophagus crenatus, Hylis foveicollis, Elateroides flabellicornis and Melandrya barbata).
The occurrence of these bioindicators confirms a spatial and time continuity of suitable
habitat in the area of interest.

Protection of the area

Recently, the Borek u Domasova NR is protected by passive management. According to
natural dynamics of the dominant habitat in the study area, we can evaluate this approach as
an appropriate one. By contrast, forestry (especially the removing of overaged and dead trees)
is undesirable. Another risk for specialized species is the small area of present-day NR which
is surrounded by production forest. Therefore, a nature friendly solution consists of the
enlargement of the special protected area. A suitable area for this purpose is the environs of
the Zaje¢i potok brook with the population of Carabus variolosus, species under the
protection of the Natura 2000 network. The real risk for the population of the specialized
saproxylic beetles as lucanid Ceruchus chrysomelinus is represented by a sudden dying of firs
(Abies alba). Therefore, we recommend a management measure based on a suitable support of
firs (planting and protecting seedlings from a damage caused by deer).

Conclusion

Altogether 257 species of beetles were found during the entomological survey, including 25 specis from the
Red List (Farkac et al. 2005). The most valuable are assemblages of saproxylic beetles that include many
bioindicatively important taxa related to old-growth mountain forest habitat as Ceruchus chrysomelinus,
Curimus erichsoni, Danosoma fasciata, Dendrophagus crenatus, Diacanthous undulatus, Elateroides
flabellicornis, Hylis foveicollis and Melandrya barbata. The presence of these beetles documents the continuity
of suitable habitat in the locality. On the basis of aforementioned results, we can close: the Borek u Domasova
NR is the area of high value from the coleopterological point of view, in the frame of the whole Hruby Jesenik
Mts. On the other hand, it is necessary to note, that some relict species, historically recorded from study area or
its surrounding, we didn‘t find. Unfortunately these species are not recently known from whole of the Hruby
Jesnik Mts. For the successful protection of the populations of threatened species in the Borek u Domasova NR
we recommend: not removing fallen and dead trees, enlarging the protected area and increasing the proportion of
fir trees (Abies alba) by planting and protecting seedlings from a damage caused by deer.
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Abstract Unique alpine ecosystems are threatened by
skiing activities all over the world. We studied the effect of
alpine ski-slopes on epigeic beetles by pitfall trapping in
the Pradéd National Nature Reserve (Czech Republic)
where the management of ski-slopes has never caused any
disturbance to the vegetation cover. Using a mixed mod-
elling approach, we demonstrate a significant effect of ski-
slope management on the epigeic beetle community,
including its functional diversity. Beetle species responded
to the ski-slope individually. We found a noticeable decline
in the abundance of most species in the patches with arti-
ficially increased accumulation of snow, i.e. close to the
interior edges of the ski-slopes. Above all, the ski-slopes
were not preferred by relict species such as Neagolius
limbolarius, Minota carpathica and Liotrichus affinis but
vagile widespread carabids (Amara lunicollis, Poecilus
versicolor) and herbivores associated with nitrophilous
plants (Gastrophysa viridula) were more abundant on the
ski-slopes. A few stenotypic carnivorous and herbivorous
species were found on the ski-slopes. A high abundance of
mountain herbivores such as leaf beetle Timarcha metal-
lica reflected an increased occurrence of their host plants
and carnivores such as Carabus sylvestris and Pterostichus
oblongopunctatus could prefer ski-slopes due to the locally
increased food supply. With respect to both uniqueness of
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alpine communities and to the small extent of alpine
treeless zone, we recommend considering very cautiously
any potential expansion of ski resorts, even those with
reasonable ‘nature-friendly’ practices.

Keywords Ski-slopes - Epigeic beetles - Alpine
ecosystems - Functional diversity - Conservation

Introduction

Mountain ecosystems are biologically important and dis-
tinct (Nagy and Grabherr 2009). The fragmented character
of high altitude habitats in the Europe mountain ranges,
with patches of alpine meadows isolated by forests, has
caused long-lasting isolation and development of specific
communities with many endemic taxa of plants and ani-
mals (Brandmayr et al. 2003; Negro et al. 2007; Coldea
et al. 2009; Kuras et al. 2009). Alpine meadows in the
highest mountain ranges of Central Europe are strongly
isolated and comprise relatively small areas with surpris-
ingly high biodiversity. For example, the Hruby Jesenik
Mountains represent an insect hot-spot of species richness
within the whole High Sudetes (Bila et al. 2012).

Threats to alpine communities that are very sensitive to
disturbances (Baur et al. 2007; Negro et al. 2007; Nagy and
Grabherr 2009) are mostly anthropogenic (Negro et al.
2010) and one of the most significant and complex
anthropogenic impacts is the development of winter sport
resorts (Titus and Tsuyuzaki 1998; Wipf et al. 2005; Ro-
lando et al. 2007; Kangas et al. 2009; Kubota and Shimano
2010). Ski resorts attract many visitors and play a key role
in the development of regional economies (Isselin-Non-
dedeu and Bédécarrats 2007). However, intensive winter
tourism in mountain regions often strongly and irreversibly
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changes the environmental conditions of habitats (Gordon
et al. 2002); since the beginning of the twentieth century
the establishment of ski resorts has decreased unthreatened
areas of valuable mountain habitats in the Alps (Simons
1988; Mackenzie 1989).

Many ski-slopes are built using heavy machinery to
smooth the terrain and remove rocks and other obstacles as
well as organic soils and vegetation cover (Titus and
Landau 2003; Wipf et al. 2005; Roux-Fouillet et al. 2011).
After machine grading the soil usually consists of mineral
substrate with decreased cohesiveness of soil particles
(Pohl et al. 2009). The bare ground is also vulnerable to
erosion by rainfall (Zuazo and Pleguezuelo 2008; Risti¢
et al. 2012). The erosion is often amplified by summer
stock-grazing carried on especially in the Alps’ ski resorts
(Ries 1996; Pintar et al. 2009). Concern has been raised of
the low ability of alpine vegetation to recover in areas
strongly affected by machine-grading (Titus and Tsuyuzaki
1998; Roux-Fouillet et al. 2011). Direct impacts of inten-
sive ski-slopes on soil quality (Rixen et al. 2002; Barni
et al. 2007; Delgado et al. 2007) and vegetation (Titus and
Tsuyuzaki 1998; Kangas et al. 2009; Roux-Fouillet et al.
2011) are further intensified by synergic indirect influ-
ences. Snowcats and skiers themselves compact the snow
cover (Ries 1996), decreasing its thermal insulation (Rixen
et al. 2004), and its period of cover is prolonged (Ries
1996; Banas et al. 2010). The former can lead to frost
damage to plants and overwintering stages of ground
arthropods (Tierney et al. 2001; Kessler et al. 2012); the
latter postpones and shortens the period of vegetation
growth (Bana$ et al. 2010). In general, the building and
maintaining of winter-tourism resorts have negative
impacts on biodiversity of alpine plant communities (Ries
1996; Pohl et al. 2009; Roux-Fouillet et al. 2011).

There is extensive literature on the influence of ski-
resorts on vegetation and the soil environment, but studies
concerning its impact on fauna are few (but see Thiel et al.
2008; Gillian and Wilson 2008; Negro et al. 2010; Rolando
et al. 2012; Kessler et al. 2012). The current state of
knowledge varies significantly amongst taxa, with most
attention given to birds (e.g., Watson and Moss 2004;
Rolando et al. 2007; Thiel et al. 2008; Caprio et al. 2011)
and mammals (Hadley and Wilson 2004a, Hadley and
Wilson 2004b); Sanecki et al. 2006; Gillian and Wilson
2008; Negro et al. 2013).

Few detailed studies have been devoted to the impact of
the complex ski industry on the species richness and
composition of arthropods. Responses of invertebrates to
the above mentioned changes of environment caused by
effects of ski-tourism are not uniform but most taxa are
negatively influenced. The community structure of mobile
hoverflies (Syrphidae) on ski-slopes was similar to that of
regularly disturbed habitats(Haslett 1991; 1997) and the
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species richness and abundance of Orthoptera was reduced
on ski-slopes (Illich and Haslett 1994; Negro et al. 2010;
Kessler et al. 2012). The same trend showed the diversity
of spiders which was found to be reduced in response to
increased area of bare ground (Negro et al. 2009, 2010).
Studies of soil fauna have shown significantly lower
abundance and biomass on ski-slopes (Foissner et al.
Foisnerr et al. 1982; Meyer 1999; Kaluz 2005), strongly
affecting the functioning of soil systems (Meyer 1999).

There is still a shortage of studies on the impacts of ski-
slopes on the beetle communities of the alpine belt with
most work focusing on ski-slopes below the timberline (but
see Negro et al. 2010). Abundances and species richness of
forest specialists with lower mobility usually decreased
towards the ski-slope, with the parallel increase of vagile
generalists of open habitats (Strong et al. 2002; Negro et al.
2009). Furthermore, all the studies are based on the
investigations of strongly anthropogenic disturbed ski-
slopes.

Here we examine the effects of ski-slopes which have
never been machine-graded or artificially snowed in an
alpine zone above the tree line on the structure of epigeic
beetle communities. Such areas are only influenced by the
indirect effects of ski resort activities, skier activity and
maintenance of the ski-slopes. We consider impacts on
herbivores and carnivores; both groups are essential for the
functioning of the sensitive alpine ecosystems. We also
discuss the conservation implications of our findings.

Methods
Study site

The study was performed on the ski-slopes situated in the
summit area of the Hruby Jesenik Mts. (Czech Republic),
the second highest Central European hercynian mountain
range (sensu Grabherr et al. 2003). Seven ski-slopes situ-
ated from 1,235 to 1,442 m a.s.l. make the Pradéd ski resort
the highest located ski centre in the Czech Republic. Its
uniqueness lies in its position—the whole area of ski resort
is located in the Pradéd National Nature Reserve, sur-
rounding the highest mountain (Pradéd Mt.; 1,492 m a.s.l;
50°4'59.049”N, 17°13'51.374"E).

Three ski slopes (Fig. 1) were studied above the upper
tree line (Treml and Bana$ 2008) at altitudes between
1,350 and 1,440 m a.s.l. Its climate is cold, with mean
temperatures varying from —6.6 °C in the coldest month
(January) to +9.5 °C in the warmest month (August)
(Demek and K¥iz 1994). Long-term annual average rainfall
is 1,200-1,300 mm with the peak in July (187 mm) and
200 rainy days per year on average. Snow cover lasts for
more than 180 days, usually from the end of October to
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Fig. 1 Location of the Pradéd ski resort and the study ski-slopes (4, B, C) in the Czech Republic

mid-May (Lednicky 1985). Three distinctive vegetation
types occur in the study area: (1) alpine dwarf vegetation
with V. myrtillus (=Vaccinium) (2) subalpine tall grass-
land with C. villosa (=Calamagrostis) and (3) subalpine tall
forbs vegetation with A. distentifolium (=Athyrium).

Despite the fact that the study area has been under strict
legal protection, the ski-slopes were established in the late
1950s (Schmidtova et al. 2009). Neither machine grading
nor artifical snow has ever been used. Existing ski-slopes
are 20-50 m wide and are maintained only in winter by
snowcats (Hédl et al. 2012), without any management in
summer (e.g., grazing, mowing). The ski resort is only
opened to the public if there is a minimal depth of 80 cm
on the ski-slopes (Banas et al. 2010). Due to the moderate
management, neither the vegetation nor the soil system of
ski-slopes is directly disturbed.

Field sampling

Pitfall trapping was chosen as the standard method to
assess the abundance of beetles see (Greenslade 1965;

Spence and Niemeld 1994; Rainio and Niemeld 2003).
Within each of the three ski-slopes, three pitfall traps were
placed at random in each of the three predominant vege-
tation types—Vaccinium, Calamagrostis and Athyrium, i. e.
27 (3 x 3 x 3) traps. Simultaneously, the same sampling
design was used to place traps on control sites, positioned
off each ski-slope (covering the three types of vegetation:
Vaccinium, Calamagrostis and Athyrium)—27
(3 x 3 x 3). The exact location of each trap was estab-
lished in the field by means of a Global Positioning System
(GPS) eTrex Garmin and the distance of the trap to the
edge of the ski slope recorded in meters. Each 500 ml
(8 cm diameter x 15 cm deep) pitfall trap was placed
level with the ground surface and one-third filled with 4 %
formaldehyde solution, to repulse mammalian insectivores
and prevent sample decay (Strong et al. 2002). Pitfall traps
were set out on the 3rd June 2005 and the contents col-
lected at approximately 4 week intervals, five times during
the field season, with the last collection on the 8th October.
Each sample was preserved in 95 % ethanol. Ground
beetles (Carabidae), click beetles (Elateridae), weevils
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(Curculionidae), leaf beetles (Chrysomelidae) and scarab
beetles (Scarabaeidae) were identified to the species level
using updated standard keys or specialist studies of par-
ticular taxa. The nomenclature follows de Jong (2012).

Data analysis

The explanatory variables “vegetation type” and “ski-
slope” were coded as categorical variables (Ski-slope:
presence or absence; vegetation: Vaccinium, Calamagrostis
or Athyrium). Absolute values of distances of traps to ski-
slope edges were log-transformed and traps on the ski
slopes scored positively and those off the ski-slope
negatively.

Each trap sample was considered as an independent
variable and the number of individuals of each species in
each sample was converted to the number of individuals
caught per sampling day (relative abundance). Therefore,
the response variables used were (1) the total relative
abundance of beetles and (2) the relative abundances of
individual species. Species represented by less than five
individuals were removed from the analysis (A. sexpunct-
atum, A. murinus, A. convexior, A. equestris, A. erratica, A.
nitida, C. erratus, C. melanocephalus, C. arcensis, C. vi-
olaceus, C. attenuatus, D. comatus, G. tanaceti, H. affinis,
L. merdigera, N. biguttatus, O. puncticeps, O. schauber-
gerianus, O. coecus, P. cupreus and P. rufipes). Since
epigeic beetle communities are strongly affected by phe-
nology and location (Thomas et al. 1998; Ranio and Nie-
mela 2003; Khobrakova and Sharova 2005; Matalin 2007),
we treated locations of particular ski-slopes and the dates
of the sample collection (as the rank of the week from the
beginning of the year) as covariables.

Multivariate analysis

Detrended correspondence analysis (DCA) (Hill and Gauch
1980) was used to find the main gradients in the commu-
nity data set. With respect to the results of DCA (see ter
Braak and Smilauer 2002) a canonical correspondence
analysis was used (CCA) (ter Braak 1986) to relate gra-
dients in species composition and abundances to external
predictors and to test the importance of these predictors.
Data were standardised and centred by samples, Monte-
Carlo permutation test was conducted using a split-plot
design and 5,000 permutations, and forward selection
procedure was used to test environmental variables. Gen-
eralized linear models (GLM) were used to assess the
impact of the single factor “ski-slope” individually on each
species. Species data had a Poisson distribution and
responses of species were therefore fitted using a quadratic
function. All analyses were conducted with CANOCO, v.
4.5 (ter Braak and Smilauer 1998).

@ Springer

Multiple log-linear regression and attributes of species

Generalized linear mixed models (GLMM; Ime4 package
in R version 2.14.1) were used to investigate the effect of
ski-slope and species-specific characteristics on the relative
abundance of ground dwelling beetles, using inverse
Gaussian error distribution and link function log (Bates
et al. 2012). For the species-specific characteristics we used
information on body size, wing form, trophic group, habitat
association and classification of relictness.

Body size was recorded as the mean length of the beetle
species (mm). Wing forms were defined as: macropterous
(long wings), brachypterous (short or no wings) and
dimorphic (both wing forms present) (Appendix 1). We
consider macropterous and dimorphic species as being able
to fly; therefore we assume those beetles to have better
dispersal ability than flightless brachypterous species
(Lovei and Sunderland 1996).

Species were divided into two trophic groups: carni-
vores (obligate and predominantly carnivorous species) and
herbivores (feeding on both live and dead plant parts and
occasional carnivores e.g. Amara spp.). Habitat association
was determined on the basis of habitat preference: forest,
open habitats and habitat generalists (Appendix 1).

Following Hurka et al. (1996), all species from the study
area were divided into three groups according to their
different ability to deal with environmental changes: relicts
(restricted to natural, undisturbed habitats), adaptive (able
to colonise both undisturbed and moderately disturbed
habitats), and eurytopic (colonising even heavily anthro-
pogenically disturbed sites). All characteristics were
determined from Smerczynski (1968), Warchalowski
(1973) Dieckmann (1980, 1986), Lindroth (1992a),b Hurka
(1996), Laibner (2000), Martinkova and Honék (2004),
Beenen (2005), Jolivet (2005), Stanovsky and Pulpan
(2006), Niemelid et al. (2007), Cizek and Douget (2008),
Jufena et al. (2008).

The most parsimonious combination of environmental
variables was selected based on the lowest Akaike's
information criterion (AIC) (Akaike 1973) by combining
both forward and backward selection (Burnham and
Anderson 2002). Regression lines were fitted using the
cubic smoothing spline method because the shape of the
response curve was not limited. Degree of smoothness was
estimated using the generalized cross-validation criterion.
The variance was partitioned between-slopes and within-
slopes for the correct test statistic estimation. The mixed
model was run with sampling sites nested within particular
slope as a random variable; this model estimates the correct
error term and degrees of freedom and can deal with
overdispersion. The effects of ski-slope on species abun-
dance were tested by analysis of deviance using an F test.
These analyses were performed using R version 2.14.1.
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Functional diversity analyses

Finally, we analysed functional diversity of the epigeic
beetle community, using functional diversity indices
according to Mason et al. (2005). On the base of species-
specific features used for GLMM analyses (see above) and
simple abundances of each species (not relative values) we
calculated the functional richness, evenness and diver-
gence. These dependent variables were square root trans-
formed. These indices were calculated individually for
each trap with all five sample periods pooled, thus we
obtained 54 values of each index altogether. Then the
curves fitting the trend of each index in relation to ski-slope
were depicted and tested by regression using a Gaussian
distribution of error variance. Additionally, we conducted
GLM analyses with beetle species divided according to
their dispersal abilities, since we regarded this feature as
determinative on the basis of the biology and ecology of
particular species.

Results

For the analyses we considered 2,201 individuals belong-
ing to 27 different species (see Appendix 1). Carabids were
the most abundant group, comprising 55 % of the total
number of individuals collected, with the dominant species
being C. sylvestris, C. micropterus, C. caraboides and P.
unctulatus, all having more than 100 specimens in total.
Amongst the carabids, three different ecological strategies
are represented; brachypterous (8), macropterous (3) and
dimorphic species (4). P. tischeri, a relict weevil, was the
most abundant individual species (526 individuals).

The beetle community of the study area situated in the
alpine open habitats contained some bioindicator species of
high conservation value, associated with the native eco-
systems, e.g. an alpine dung beetle; N. limbolarius, ende-
mic for the Hruby Jesenik Mts. and boreo-montane or
montane relicts; C. sylvestris, L. affinis, M. carpathica, P.
tischeri and T. metallica.

Community patterns

After filtering out the effects of covariables, the CCA
model explained 5.2 % of variance of the species data
(F=3.778, P<0.001 for all canonical axes). Beetle
communities differed among study sites with two vegeta-
tion types (Vaccinium F = 5.88, P < 0.001; Athyrium
F = 3.21, P < 0.001) and ski-slope (F = 2.36, P = 0.002)
having a significant effect (Fig. 2). The longest gradient of
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Fig. 2 Biplot CCA of environmental variables (ski-slope and vege-
tation types) and relative abundance of epigeic beetles in alpine
tundra. Only species with a fit-range >1 % are depicted in the
ordination diagram. Names of beetles are denoted by triangles with
abbreviation: Acrossus depressus (AcrDep), A. lunicollis (AmaLun),
Athous subfuscus (AthSub), Calathus micropterus (CalMic), Carabus
auronitens (CarAur), Carabus linnei (Carlin), Carabus sylvestris
(CarSyl), Cychrus caraboides (CycCar), Gastrophysa viridula (Gas-
Vir), Leistus ferrugineus (LeiFer), Leistus piceus (LeiPic), L. affinis
(LioAff) (MinCar), Omiamima mollina (OmiMol), N. limbolarius
(NeoLim), Patrobus atrorufus (PatAtr), Plinthus tischeri (PliTis),
Poecilus versicolor (PoeVer), Pterostichus aethiops (PteAet), Pter-
ostichus unctulatus (PteUnc), Timarcha metallica (TimMet)

species data in the CCA biplot is along the horizontal
canonical axis (Fig. 2) and corresponds to the dispersal
abilities of species. In accordance with this, vagile species
predominate within the left part of the ordination diagram
(A. lunicollis, N. limbolarius, A. subfuscus), whereas bra-
chypterous, surface-active beetles are mainly clustered on
the opposite side (C. sylvestris, L. piceus and T. metallica).

The distribution of species along the vertical axis
(Fig. 2) can be interpreted as a pattern following the alti-
tudinal gradient with the number of forest species declining
with increasing altitude. Still occurring in the open treeless
habitats, they are clustered mostly in the upper part of the
CCA biplot (C. auronitens, C. linnaei, C. caraboides and L.
piceus). In contrast, generalists (7. metallica) species
associated with open habitats (L. ferrugineus, O. mollina
and P. versicolor) and montane grassland specialists (.
limbolarius and C. sylvestris) are situated in the lower part
of the ordination diagram. The type of vegetation has an
important role in the distribution of some oligophagous
herbivores such as T. metallica, associated with Vaccini-
um, and N. limbolarius dependent on Calamagrostis dom-
inated vegetation.
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Impact of ski-slope on species and functional groups
of beetles

Epigeic beetle communities are composed of diverse eco-
logical groups, thus the response to the ski-slope may be
heterogeneous on both the species and functional group
levels. Therefore, we used GLMM to reveal species-specific
responses to the factor “ski-slope”. Although “ski-slope”
has a significant impact on the epigeic beetle community
(Table 1, Fig. 2), the magnitude of influence differs along
the transverse profile of the slope. The most affected areas
are the inner margins of the slopes, with significantly
decreased abundances for most beetle species (Fig. 3).
Interaction between the abundance of species and the factor
“ski slope” was best fitted with a quadratic function
(SE = 0.67, P = 0.005). The best model for interpretation
of species distribution and their abundances was: Abun-
dance ~ Ski-slope + habitat interaction + vegetation
type + feed + ski-slope:habitat interaction + ski-slope:-
feed (AIC = —245.04).

Relations of distinct ecological groups to the factor “ski-
slope” are not uniform. Our results show that “ski-slope”
supports habitat generalists (GLM-ANODEV; F = 3.728,
P =0.0049) and species associated with open, treeless
habitats (GLM-ANODEV; F = 2.727, P = 0.049). In
contrast, forest species of beetles show a significant
decrease in number on the ski-slope (GLM-ANODEV;
F = 46.55, P < 0.001). Furthermore, ski-slopes promote
the species associated with Calamagrostis and Vaccinium
vegetation rather than those connected with the Athyrium
vegetation type (Fig. 2).

The results of functional diversity analyses show that
both functional richness (F;s5; = 4.48, P = 0.039) and
divergence (F;s; = 3.98, P = 0.040), but not functional
evenness (Fys; = 0.16, P = 0.686), significantly change
along the transverse profile (Fig. 4), i.e. along a gradient
from the natural alpine tundra, through the edge of ski-

Table 1 Results of analysis of deviance conducted using GLMM,
testing factors which influence the relative abundance of epigeic
beetle species

Variable df F
Ski-slope 1 44 .42%
Habitat association 2 36.39%%*
Vegetation 2 6.42%%
Trophic group 2 3.35%
Ski-slope: habitat association 2 7.92% %%
Ski-slope: trophic group 2 2.32 ns

Sample sites nested within the ski-slopes were used as random vari-
ables. Factors were selected by using step-wise procedures

ns not significant
#% p < 0.001; ** p <0.01; * p <0.05
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slopes to their centres. Functional richness (Fig. 4b) sig-
nificantly increases towards the ski-slope, whereas func-
tional divergence declines (Fig. 4c).

Abundances of 9 species are significantly affected by the
ski-slope (Table 2, Fig. 5a, b). As predicted, forest carabids
with low dispersal abilities (L. piceus, P. aethiops and T.
striatulus) are more abundant outside of the ski-slopes
(Table 2, Fig. 5a, b). On the other hand, some widespread
and vagile herbivores (A. lunicollis, G. viridula) and carni-
vores (P. versicolor, P. oblongopunctatus) spread onto the
ski-slopes, or, more exactly, onto their side parts (Fig. 5a).
Interestingly, a few stenotypic montane herbivores (e.g., T.
metallica) and carnivores (e.g., C. sylvestris) prefer ski-
slopes to the undisturbed alpine tundra habitats (Table 2,
Fig. 5b). We detected the highest abundance of C. sylvestris
near the inner ski-slopes margins where the impacts of the
ski-slopes were found to be the most influential for the
beetles (Fig. 3). Trait analysis, using GLM analyses and
additional ordination (Fig. 5) demonstrates the crucial role
of dispersal ability, since the abundances of mobile, mac-
ropterous, beetles tended to increase towards the ski-slope,
whereas the more sedentary, brachypterous species declined.

Discussion

Ski-slope effects at the community level

The community structure of epigeic beetles is significantly
affected by both vegetation type and ski-slope and the
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Fig. 3 Effects of ski-slope on relative abundance (total number of
beetles caught by particular trap per day) of epigeic beetles predicted
by GLMM. We used relative abundances of beetles, i.e. traps on the
ski slope have + distance values and those away from the ski-
slopes—distances
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Fig. 4 Functional diversity anylyses conducted according to Mason
et al. (2005). Functional evenness, richness and divergence were
calculated on the base of species-specific features used for previous
analyses (GLMM) and simple abundances of each species, i.e. not
relative abundances. The indices were calculated individually for

impact of ski-slopes on beetle communities is not uniform
along the transverse profile of the slopes. Specifically, we
found the strongest impact on the beetle communities to be
closer to the interior edges of the ski-slopes. In contrast,
previous studies observed decreased diversity and abun-
dance of epigeic beetles and other arthropods towards the
centre of the slopes (Strong et al. 2002; Negro et al. 2009,
2010). These differences may be due to the way our study
site is managed in comparison to previously studied slopes.
In general, communities respond negatively to the intensity
of mechanical vegetation cover disturbance and shortening
of the vegetation period in the patches with artificially
increased accumulation of snow (Ries 1996; Wipf et al.
2005). Our study area is located in the alpine, treeless zone.
Moreover, vegetation cover has never been clear-cut and
the soil surface has never been afflicted by machine-grad-
ing (Banas et al. 2010), but snow may be brought to the
slopes from adjacent areas. Therefore, we consider the
impact of later snow melting in places of increased accu-
mulation to be a crucial factor responsible for the changes
in the beetle community composition. Due to the distinc-
tive management of the ski-slopes, the thickest snow layer

Functional richness
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each trap with all five sample periods pooled. The curves fitting the
trend of each index in relation to ski-slope are depicted. Traps on the
ski slope have + distance values and those away from the ski-
slopes—distances

lies nearby the edges of the slopes, strongly affecting these
patches by the postponement and shortening of the vege-
tation season, thus determining the community structure of
epigeic beetles.

In summary, our results indicate that low temperatures
and shortening of the vegetation period in patches with
accumulated and compacted snow are the principal factors
for the observed decrease in abundance of epigeic inver-
tebrates on the ski-slopes, in agreement with Illich and
Haslett (1994), Negro et al. (2010) and others.

Our analysis of functional diversity demonstrates an
increase of functional richness and, simultaneously, decline
in functional divergence towards the ski-slopes. The
increase of functional richness indicates the higher number
of diverse functional groups on the ski-slopes than in sur-
rounding alpine tundra. This may be the result of coloni-
sation of the new environs of ski-slopes by opportunistic,
widely distributed species with high dispersal ability (e.g.
A. lunicollis, P. oblongopunctatus, P. versicolor). Addi-
tionally, the investigated ski-slopes are not so strongly
disturbed to be entirely avoided by indigenous alpine
species, many of which still occurred on the ski-slopes, yet
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Table 2 Results of GLM of beetles and their responses to the ski-slope

Species N F Intercept Slopel Slope2 AIC
Carabidae
A. lunicollis 15 3.57* —4.23 —0.22 —1.27 4.84
Calathus micropterus 107 2.65 ns —4.20 0.33 0.31 13.74
Carabus auronitens 75 1.60 ns —4.27 —-0.19 0.10 13.91
Carabus linnaei 79 0.45 ns —4.37 —0.06 0.08 10.09
Carabus sylvestris 307 5.97%* —-2.01 0.00 —0.51 35.80
Cychrus caraboides 172 1.81 ns —3.02 0.03 —-0.23 18.26
Leistus ferrugineus 25 0.12 ns —-5.22 —0.01 —0.14 5.10
Leistus piceus 20 5.27%* —6.65 —0.84 0.20 5.28
Patrobus atrorufus 46 0.80 ns —4.22 —0.30 —0.38 8.94
Poecilus versicolor 10 4.31% —6.42 1.08 0.08 3.34
Pterostichus aethiops 8 7.27%%% —6.00 —2.72 —1.78 2.37
Pterostichus diligens 26 1.36 ns —5.41 0.36 0.21 5.64
Pterostichus oblongopunctatus 32 17.23%%* —4.51 1.04 —0.88 5.25
Pterostichus unctulatus 241 1.20 ns —-3.22 0.18 0.26 29.79
Trechus striatulus 19 6.15%%* —7.34 0.60 1.20 5.40
Trichotichnus laevicollis 30 0.45 ns —5.07 0.24 0.05 7.95
Chrysomelidae
Gastrophysa viridula 49 0.03* —4.81 —0.01 —0.05 6.68
M. carpathica 30 2.73 ns —5.86 0.56 0.67 7.82
Timarcha metallica 85 10.79%** —4.98 0.82 0.67 14.88
Curculionidae
Notaris aterrima 14 1.20 ns —6.49 0.40 0.59 4.63
Omiamima mollina 78 0.15 ns —4.16 0.07 —0.02 12.26
Otiorhynchus nodosus 103 0.05 ns —3.62 —-0.02 —0.08 18.98
Plinthus tischeri 526 2.10 ns —2.14 0.18 0.01 44.21
Elateridae
Athous subfuscus 6 0.16 ns —7.11 0.26 0.37 2.65
L. affinis 10 1.98 ns —5.00 —0.81 —1.12 2.93
Scarabaeidae
Acrossus depressus 77 3.00 ns —4.12 0.43 —-0.21 13.27
N. limbolarius 12 0.45 ns —6.48 0.13 0.50 6.01

p values in bold are significant at o = 0.05
ns not significant
**% p < 0.001; ** p < 0.01; * p <0.05

in lower abundances. On the other hand, the increase of
functional divergence off the ski-slopes may reflect higher
niche differentiation and thus lower competition amongst
species (Mason et al. 2003, 2005). Therefore, the species
prevailing in non-affected alpine tundra should be more
specialized as a result of the post-glacial Holocene history
of small and isolated mountain ranges of Central Europe
(Kuras et al. 2003; Konvicka et al. 2003; Schmitt et al.
2006); species which survived both the fluctuation of the
upper tree-line and the harsh conditions of mountain cli-
mate are distinctive (Korner 2003; Nagy et al. 2003; Schob
et al. 2009).

@ Springer

Ski-slope effects at the species level

Samples from ski-slopes and control plots off-side the slopes
differ in the presence of epigeic beetle species. Widespread
carabids with high dispersal abilities associated with open
habitats (A. lunicollis and P. versicolor) prevail on the ski-
slopes. These species indicate disturbed habitats (Hurka et al.
1996; Niemeld et al. 2002; Huber and Baumgartner 2005).
Strong et al. (2002) and Negro et al. (2009, 2010) reached
similar conclusions explaining the increasing proportion of
euryoecious, lesser demanding beetle species, by a higher rate
of disturbance on ski-slopes than in neighbouring habitat.
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Fig. 5 Abundance responses of epigeic beetles on ski-slopes com-
puted using GLM. We used relative abundances of species, i.e. total
number of individuals of particular species caught by each trap per
day. Effect of ski-slope was scaled as the log-transformed distance
(m) of each trap from the edge of the ski-slope (vertical line). Traps
on the ski slope have + distance values and those away from the ski-
slopes — distances a significant responses of the species and

As a result of compaction, snow layers on the slopes are
less insulating and frost penetration of the topsoil is more
frequent and severe (Ries 1996; Banas et al. 2010).
Increased freezing of topsoil can increase mortality of soil
fauna (Sgmme and Conradi-Larsen 1977; Heal et al. 1998)
and might negatively affect the development of some
alpine relicts, such as the saprophagous dung beetle N.
limbolarius. This species is sensitive as its larvae are bound
to topsoil layers where they feed on decaying fine roots of
graminaceous plants (Jufena et al. 2008). Concurrently, the
shortening of the vegetation growth period in patches with
a thicker snow layer can be considered another principal
ecological factor, negatively affecting the development of
epigeic species.

According to our observation, not only good-dispersers
and generalists, but also a few stenotypic carnivorous and
herbivorous beetles preferred the ski-slopes. C. sylvestris, a
typical species of natural habitats of the alpine belt (Hurka
1996; Stanovsky and Pulpan 2006; Sustek 2006; Gobbi
et al. 2007), reached the highest abundance within the ski-
slopes, near to the slope edges. The montane relict, leaf
beetle 7. metallica, also preferred the ski-slopes, although
the genus Timarcha is considered to be sensitive to envi-
ronmental changes due to its specialization (Gonzéles-
Megias and Gomez 2001; Gonzalez-Mégias et al. 2005).

These results show that the impacts of ski-slopes on
observed epigeic beetle communities are not strictly

(®) g
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TimMet

Relative abundance

carsyl

-0.05

-3.00 2.00
Distance from ski-slope edge metres (log scale)

b significant strong responses of the species on “ski-slope” (see
Table 2). Responses of particular species predicted by the model are
denoted by curves with abbreviations: A. [lunicollis (AmaLun),
Carabus sylvestris (CarSyl), Gastrophysa viridula (GasVir), Leistus
piceus (LeiPic), Poecilus versicolor (PoeVer), Pterostichus aethiops
(PteAet), Pterostichus oblongopunctatus (PteObl), Timarcha metal-
lica (TimMet) and Trechus striatulus (TreStr)

negative. Less intensively maintained ski-slopes, such as in
our study location, represent a specific environment,
attractive for particular species including threatened ste-
notypic mountain beetles. We suggest two hypotheses
which may explain our findings.

The first is based on the idea that carnivores may prefer
ski-slopes as a consequence of increased food supply. A
characteristic feature of ski-slopes is the delayed snow
melt. The thicker the snow cover the longer it persists (Ries
1996; Banas et al. 2010). Remnants of snow-covered areas
cause an accumulation of dead bodies and invertebrates
immobilised by the cold in spring and early summer which
become an important food source for epigeic carnivores
(Mani 1968). Up to 50 insect specimens can be brought by
the wind to an area of 1 m* per day, with Diptera, Ho-
moptera and Hemiptera being the most abundant ones
(Papp 1978). Gradual snow meltdown slowly releases dead
insects, which supply food for carnivorous carabids and
staphylinids (Mani 1968). We observed such accumula-
tions of insects on the remnant snow patches in our study
plots. Thus, the increased proportion of a few carnivores
(e.g., C. sylvestris and P. oblongopunctatus) may be
attributed to the local increase of food supply by the last
snow patches.

The second relates to nutrient deposition, plant growth
and opportunities for herbivorous species. Alpine meadows
are oligotrophic habitats and in the last decades Central
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European mountain ranges have been exposed to increased
eutrophication (Stursa 1998; Holland et al. 2005; Nagy and
Grabherr 2009) caused by air pollutants (Chapin et al.
1995). Increased deposition of nutrients (especially NOy)
leads to changes in composition of both plant and herbivore
communities and higher nutrient deposition has been
observed on patches with a thicker snow layer (Kuhn 2001;
Roux-Fouillet et al. 2011). In addition to the influence of
atmospheric depositions, an increased growth of dwarf
shrubs (Vaccinium) may potentially increase the storage of
carbon and nitrogen in the soil (Gavazov 2010) supporting
the growth of other plant species. In contrast with some
recent studies, where the cover of dwarf shrubs is nega-
tively correlated with ski-slopes (Wipf et al. 2005; Kangas
et al. 2009; Kessler et al. 2012), the Vaccinium vegetation
thrived on the ski-slopes of our study area. This may
explain the increased abundance of leaf beetle T. metallica
on the ski-slopes; this is a species with trophic interaction
with V. myrtillus (Jolivet 2005). We also observed clusters
of typically nitrophilous plants (Rubus sp., Rumex sp.) on
the ski-slopes. These plants can specifically attract some
oligophagous herbivores (e.g., G. viridula bound to Rumex
sp., A. rubi dependent on Rubus sp. etc.). In summary, our
data highlight the importance of the so far neglected (but
see Kessler et al. 2012; Rolando et al. 2012) indirect factors
of ski-slope operation on alpine epigeic communities. We
suggest that higher nutrient deposition in areas where snow
remains longer (ski-slopes) has an effect on epigeic com-
munities, in addition to the effect of prolonged snow cover.

Conservation implications

Our study demonstrates that the composition and func-
tional diversity of the community of alpine epigeic beetles

is affected by minimally managed ski-slopes, even if they
have never been machine-graded and are not artificially
snowed. The studied ski-slopes support the most mobile
species of open habitats and habitat generalists. In contrast,
relict species with low dispersal abilities, closely bound to
the soil through the development of their larval stages are
the first to be threatened by ski-slopes, even with low
impact management employing the single technique of
spreading snow from the surrounding area onto the ski-
slopes.

Potential extension of ski-slopes, even those with an
environment-friendly operation, thereby brings a risk for
indigenous beetle relicts of the alpine tundra, despite the
fact that other alpine species can be supported at the same
time. In regards to small areas of unique and valuable
alpine habitats in the context of the whole of the Czech
Republic and Central Europe, further development of
winter sport centres above the alpine treeline need to be
considered very cautiously.
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Appendix

See Table 3.

Table 3 Abundances of the species sampled in the Pradéd National Nature Reserve and their characteristics

Taxon Winged® Habitat” Habitat OS/IS® Total OS/IS®
Athyrium Calamagrostis Vaccinium

Carabidae
Agonum sexpunctatum M (0] 0/0 0/0 0/1 0/1
Amara convexior M G 0/0 0/2 0/0 072
Amara equestris M (0] 0/0 0/0 1/0 1/0
Amara erratica M (0] 0/1 172 1/0 12
A. lunicollis M O 2/4 2/2 0/0 2/6
Amara nitida M O 1/0 0/1 0/1 172
Calathus erratus D G 0/1 0/1 1/0 2/2
Calathus melanocephalus D O 0/0 0/0 372 372
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Table 3 continued

Taxon Winged* Habitat® Habitat OS/IS® Total OS/IS®
Athyrium Calamagrostis Vaccinium
Calathus micropterus B F 6/4 22/25 18/32 46/61
Carabus arcensis B G 0/0 0/0 1/0 1/0
Carabus auronitens B F 14/9 19/16 16/11 49726
Carabus linnaei B F 18/18 10/1 20/12 48/31
Carabus sylvestris B O 10/46 15/26 92/118 117/190
Carabus violaceus B G 0/0 0/0 2/1 2/1
Cychrus attenuatus B F 02 0/0 0/0 0/2
Cychrus caraboides B F 16/22 10/26 45/53 71/101
Harpalus affinis M O 0/0 0/2 1/0 172
Leistus ferrugineus D (0] 3/0 5/8 4/5 12/13
Leistus piceus B F 2/0 2/1 14/1 18/2
Notiophilus biguttatus D F 0/0 0/0 0/1 0/1
Ophonus puncticeps M O 0/0 1/1 0/1 172
Ophonus schaubergerianus M O 0/0 0/0 1/0 1/0
Patrobus atrorufus D G 1/1 27/11 0/6 28/18
Poecilus cupreus M O 0/1 0/2 0/0 0/3
Poecilus versicolor M (6] 0/1 1/5 0/3 1/9
Pseudoophonus rufipes M (6] 0/1 0/0 0/1 072
Pterostichus aethiops B F 0/1 3/0 4/0 771
Pterostichus diligens D G 5/4 3/10 2/2 10/16
Pterostichus oblongopunctatus M F 1/13 0/12 0/6 1/31
Pterostichus unctulatus B F 30/14 50/64 42/42 122/119
Trechus striatulus B G 5/0 4/3 3/4 12/7
Trichotichnus laevicollis D F 4/3 5/15 172 10720
Chrysomelidae
Galeruca tanaceti D G 1/0 1/0 0/0 2/0
Gastrophysa viridula M O 6/9 18/4 2/10 26/23
Lilioceris merdigera M F 0/0 0/0 2/0 2/0
M. carpathica B (0] 5/2 5/8 3/7 13/17
Timarcha metallica B G 0/0 1/8 28/48 29/56
Curculionidae
Donus comatus B G 0/0 4/0 0/0 4/0
Notaris aterrima B (0] 2/1 3/3 2/3 11
Omiamima mollina D (6] 02 29/31 11/5 40/38
Otiorhynchus coecus B F 0/0 3/0 0/0 3/0
Otiorhynchus nodosus B (0] 10/11 13/18 31720 54/49
Plinthus tischeri B G 58/32 77/136 94/129 229/297
Elateridae
Agrypnus murinus M (0] 0/0 0/1 0/0 0/1
Athous subfuscus M F 1/0 2/2 1/0 4/2
L. affinis M G 1/1 3/2 172 5/5
Scarabaeidae
Acrossus depressus M G 2/1 2/18 14/40 18/59
N. limbolarius M O 1/0 5/5 1/0 7/5

# Brachypterous species are abbreviated as (B), macropterous as (M) and dimorphic as (D). ® Ground beetles were divided into three groups:

generalist (G), forest (F) and open habitat (O) species. ¢ Study plots were situated off-side (OS) and inside (IS) ski-slopes
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Abstract Despite their small extent, alpine ecosystems belong to the most valuable, yet
highly threatened natural biotopes worldwide. Alpine habitats are endangered particularly by
anthropogenic influences and climate change as well as invasions of non-native plants.
Although plant invasions are regarded as one of the most serious threats to biodiversity
globally, the knowledge of their impact on the arthropod assemblages of alpine environments
is virtually absent. Therefore, we studied the effects of the non-native dwarf pine Pinus mugo
on a model group of carabid beetles in the alpine zone of the Hruby Jesenik Mts., Czech
Republic. We evaluated the effects of age, cover and distance from dwarf pine stands on the
community structure and the functional diversity of the Carabidae. The majority of the species
significantly declined in abundance with increasing age and cover of dwarf pine stands.
Species surviving there were typically food generalists associated with the forest
environment. In contrast, carabids with high conservation value bound to open habitats (e.g.,
Amara erratica and Carabus sylvestris) decreased in dwarf pine areas as well as food
specialists (e.g., Cychrus caraboides) and large forest species in the genus Carabus. The
decline in abundance of carnivorous species may be a consequence of the similar decline in
herbivores dependent on the native vegetation. Concurring with this interpretation, abundance
of many herbivorous species (e.g. Amara spp.) decreased within pine stands. The negative
effect of dwarf pine stands on the community structure of montane carabids was also apparent
in changes of functional diversity. Age and cover of dwarf pine significantly decreased
functional richness and divergence of carabid trophic groups. Considering the small area of
alpine tundra in the Central European mountain ranges, the expansive dwarf pine represents a
serious threat to this unique montane biodiversity. Therefore we recommend the immediate
reduction or removal of non-native dwarf pine stands.

Key words Alpine ecosystems; Carabidae; Coleoptera; functional diversity; Hruby Jesenik
Mts.; Pinus mugo

Introduction

Alpine ecosystems belong to the most endangered environments globally (Nagy and Grabherr
2009). The fragmented character of high altitude habitats in the European mountain ranges
has caused long-lasting isolation and the development of specific communities with many
endemic taxa of plants and animals (Nagy et al. 2003). Unique alpine communities are
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threatened, particularly by climate change and anthropogenic activities (Nagy and Grabherr
2009). The current deterioration of alpine ecosystems may be accelerated by expansion of
non-native species (Dainese et al. 2014), which is considered to be one of the most destructive
threats for biodiversity worldwide (Vila et al. 2011). The Hruby Jesenik Mts., Czech
Republic, provide an ideal environment to explore the effects of invasive species on
indigenous alpine communities. This highly biodiverse Central European mountain range is
characterised by isolated patches of arcto-alpine tundra (Bila et al. 2013). Their isolation
makes them more vulnerable to invasive species such as allochthonous dwarf pine, Pinus
mugo Turra (Treml et al. 2010).

Pinus mugo s. str. is native to some mountain ecosystems of Central and South-East
Europe, whereas in other European mountains (e.g. Harz, Schwarzwald and Hruby Jesenik) it
is naturally absent (Hamernik and Musil 2007). Although trees and shrubs generally spread
into open alpine habitats by both natural and human-mediated means (Titus and Tsyuzaki
2003; Solar and Janiga 2013), dwarf pine is considered as one of the most successful colonist
of alpine zones (Dullinger et al. 2003). The expansion of dwarf pine into open habitats is not
only documented within its former area of distribution (Dullinger et al. 2003; Solar and Janiga
2013), but also in regions where the species was introduced (Dullinger et al. 2003; Treml et
al. 2010). Presently, dispersal of shrubs into alpine zones is boosted by current climate
changes (Dullinger et al. 2003; Solar and Janiga 2013) and through the lack of competition in
treeless habitats (Maron and Vila 2001).

Several recent papers have shown that dwarf pine substantially modifies the environmental
conditions of alpine habitats, for instance by depriving the nearby meadows of sunlight
(Pornaro et al. 2013). Dwarf pine plantations also influence the soil conditions, e.g. thickness
of soil organic layer, its acidity and nutrient content (Svoboda 2001; Zeidler et al. 2012). The
colder microclimate within dwarf pine stands slows the decomposition rate which enhances
the accumulation of litter and acidification of the upper soil horizon (Svoboda 2001).
Consequently, both biodiversity and abundance of vascular plants dramatically decrease in
plots where dwarf pine predominates (Zeidler et al. 2012; Pornaro et al. 2013). As vascular
plants constitute the basis of terrestrial food chains, the above mentioned changes may affect
both herbivore communities and their predators such as carabid beetles (Thiele 1977; Harvey
et al. 2008).

There is extensive literature on the influences of dwarf pine on vegetation, but studies
dealing with its impact on invertebrates are scarce. Reiprich’s (2001) study concerning the
host specificity of Slovakian species of Lepidoptera reported that, compared with other
woody plants, dwarf pine represents only a little-attractive food resource for phytophagous
lepidopteran larvae, even in the region where it is native. Kuras et al. (2001) stressed that the
expansion and planting of dwarf pine represents a serious threat to endemic alpine butterflies
such as Erebia sudetica and E. epiphron. Besides, studies from the Giant Mts. and the
Dolomites have shown that the abundance of epigeic spiders is lower in dwarf pine habitats
than in open alpine ones, this trend being especially apparent in bioindicators of alpine
environments (Zingerle 1997; Kurka and Vanék 2001). Sustek (2007) found a substantial
change in the community structure of carabid beetles along an altitudinal gradient in the Tatra
Mts. Endangered carabids of alpine and subalpine habitats do not occur in dwarf pine habitats
or reach lower abundances than in open tundra (Materna et al. 2010). The absence of dwarf
pine noticeably boosts the biodiversity of alpine habitats; in Hruby Jesenik Mts., its absence
appears to be the key factor for the formation of High Sudetes invertebrates’ biodiversity hot
spot (see Bila et al. 2013). Our research was performed in an area where non-native Pinus
mugo was introduced in the 1860s (Jenik and Hampel 1992) and is still expanding (Treml et
al. 2010).



Based on results from other studies focused on effects of invasive plants on arthropod
communities (e.g. Anthelme et al. (2001), Topp et al. (2008), Rohac¢ova and Drozd (2009)
and Brigi¢ et al. (2014)), we assumed a strong effect of Pinus mugo on our model group of
Carabidae, a beetle family with high bioindicator value (Rainio and Niemeld 2003). We tested
(1) parameters of introduced dwarf pine stands in relation to individual species and the whole
assemblage of carabids, and (ii) trends in the proportion of individual functional groups of
beetles and functional diversity (sensu Mason et al. 2005) along a gradient from indigenous
alpine tundra to non-native dwarf pine stands. Based on the results obtained we discuss the
conservation implications for the management of valuable and threatened alpine habitats of
European mountains. To our knowledge, our research is the first study focused on the effect
of allochthonous plant expansion in the alpine zone on both species level and functional
diversity (FD) of invertebrates.

Methods
Study sites

The study was performed in the second highest Central European hercynian mountain range,
the Hruby Jesenik Mts. (Czech Republic) (sensu Nagy et al. 2003). Dwarf pine is a non-native
species in the Hruby Jesenik Mts.; its planting started in 1860 to prevent erosion (Jenik and
Hampel 1992). Currently the treeless zone covers an area of 11 km? and the planted dwarf
pine stands total 2 km® (Treml and Bana§ 2008). However, in particular alpine islands dwarf
pine has spread considerably and already covers 35 % of the original treeless zone (Zeidler et
al. 2012).

We studied three localities (Keprnik Mt., Maly Kotel Cirque and Petrovy Kameny Mt. —
see Fig. 1) above the alpine treeline (Treml and Bana$§ 2008; Zeidler et al. 2012) at altitudes
between 1200 and 1440 m a.s.l. The climate is cold, with mean temperatures varying from
6.6°C in the coldest month (January) to 9.5°C in the warmest month (August). The long-term
annual average rainfall is 1200 — 1300 mm and 200 rainy days per year on average. Snow
cover lasts about 180 days, typically from the end of October to mid-May (Demek and Kiiz
1994). The study area is characterised by six distinctive vegetation types: (1) alpine grasslands
and heathlands with Avenella flexuosa and Calluna vulgaris (= Avenella), (i1) alpine dwarf
vegetation with Vaccinium myrtillus (= Vaccinium), (ii1) subalpine tall grassland with
Calamagrostis villosa (= Calamagrostis), (iv) subalpine tall forbs vegetation with Athyrium
distentifolium (= Athyrium), (v) dwarf pine with Pinus mugo (= Dwarf pine) and (vi) alpine
treeline of montane spruce Picea abies (= Picea).
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Fig. 1 Location of study sites in the Hruby Jesenik Mountains, Czech Republic

Field sampling

Carabids were sampled using pitfall traps (8 cm in diameter, 15 cm deep; filled to one third
with 4% formaldehyde solution), a standard method used to sample epigeic invertebrates
(Spence and Niemeld 1994). We placed one pitfall trap in the centre of each sample plot
defined as a circle of ca. 1000 m”. The minimum distance between two traps was 40 m and
the sampled area covered 30 ha in total. Altogether we used 131 traps, 50 of them were
installed on the Keprnik Mt., 27 in the Maly Kotel Cirque (i.e., type of glacial landform, an
amphitheatre-like valley head, formed at the head of a valley glacier by erosion) and the
remaining 54 sampled on the Petrovy Kameny Mt.; 64 traps in total sampled in dwarf pine
stands, and the remaining 67 traps were placed randomly in predominant vegetation types of
adjacent tundra: Avenella (16 traps), Athyrium (9), Calamagrostis (17), Picea (9) and
Vaccinium (16). The traps were placed in dwarf pine areas of different age and cover,
whereas the “tundra traps” were placed in the alpine habitats with varying distances from the
edge of the dwarf pine stands. The nearest distance from each trap to the edge of the dwarf
pine stand was recorded. Beetles were sampled from 2005 to 2012 (Petrovy Kameny Mt. —
2005; Maly Kotel Cirque — 2006, 2007; Keprnik Mt. — 2009, 2010, 2012); pitfall traps were
set out in early June and the contents collected at approximately four-week intervals, with the
last collection in early October. Each sample was preserved in 95% ethanol. All ground
beetles (Carabidae) were identified to the species level using updated standard keys (Hiirka
1996). The nomenclature follows de Jong (2012).
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Vegetation characteristics

The explanatory variables of vegetation type were coded as categorical variables (Athyrium,
Avenella, Calamagrostis, Picea or Vaccinium). The explanatory variables of dwarf pine were
coded as a continuous variables; age of dwarf pine (= Age) and its cover in the sample plot (=
Cover). The third variable was measured individually for each trap in the native habitats as
the distance from the nearest edge of the dwarf pine stand (= Distance). The age of dwarf pine
stands was estimated from the largest individuals found in each sample plot by sectioning it as
close to root collar as possible (rings were counted under the stereoscope). The proportional
cover of dwarf pine canopy and distance were estimated for each sample plot with GIS
analysis using Arc-View 3.1. Only the traps with similar distances from the dwarf pine edge
(symmetrically on each side, i.e. both “tundra” traps and “dwarf pine” traps) were included in
the analyses of FD.

Beetle characteristics

Species-specific functional characteristics were defined based on information on body size
(mean length in mm), wing form, trophic group, habitat association, humidity requirement
and classification of relictness, following Ribera et al. (1999), Kotze and O’Hara (2003) and
Brigi¢ et al. (2014). Species’ characteristics were compiled from published information
(Thiele (1977), Lindroth (1992a, b), Hirka (1996), Stanovsky and Pulpan (2006), Lundgren
(2009)), complemented with information from specialists (Appendix 1). The characteristics
were defined as follows: body size as mean length in mm; wing form as macropterous (long
wings), brachypterous (short or no wings) or dimorphic (both wing forms present); trophic
groups as carnivores (obligate and predominantly carnivorous species), omnivores (feeding
on plant and animal parts), or herbivores (consuming predominantly plants; only occasionally
carnivorous e.g. Amara species) whereby carnivores and herbivores were further divided into
generalists and specialists; habitat association as forest specialists, open-habitat specialists or
habitat generalists; moisture requirement as hygrophilous (strictly hygrophilous species found
in wet habitats, e.g., stream margins), meso-hygrophilous (preferring mostly humid habitats),
mesophilous (indefinite or euryhydric), or meso-xerophilous (found mostly in dry habitats,
e.g., heathland). All species were divided into three groups according to their ability to deal
with environmental changes following Hurka et al. (1996) as either relicts (restricted to
natural, undisturbed habitats), adaptive (able to colonise both undisturbed and moderately
disturbed habitats), or eurytopic (capable of colonizing heavily anthropogenic disturbed sites).

Data arrangement

Each trap was considered to be independent; the number of individuals of each species per
sample was converted to the number of individuals caught per sampling day (relative
abundance). Therefore, the response variables used were (i) the total relative abundance of
beetles and (ii) the relative abundances of individual species. Since epigeic beetle
assemblages are strongly affected by phenology and location (Rainio and Niemeld 2003), we
treated each locality, inclination and dates of the sample collection (as the rank of the week
from the beginning of the year) as covariables.

Multivariate analysis

Depending on the results of detrended correspondence analysis (DCA) a canonical
correspondence analysis (CCA) was used (ter Braak and Smilauer 2002) to relate gradients in



species composition and abundances to external predictors and to test the importance of these
predictors. The data were standardised and centred by samples, Monte-Carlo permutation test
was used (5000 permutations) and blocks of data were defined by covariables. A forward
selection procedure was used to test the environmental variables. We used generalized linear
models (GLM) with Poisson distribution and log link function to assess the impact of the
single factors "Age, Cover and Distance" on each species separately. All analyses were
conducted with CANOCO, v. 4.5 (ter Braak and Smilauer 2002).

Multiple log-linear regression and species attributes

We tested the effect of dwarf pine characteristics on species abundance and diversity by
repeated-measures on pitfall traps with a nested design. All 131 traps were nested in each of
the three study sites. The period of trap sampling was used as within sampling point effect.
Therefore we used mixed models to estimate the correct error term and the degrees of
freedom. The relationships between species abundance of ground beetles as a response
variables and the effect of dwarf pine were examined using generalized linear mixed model
(GLMM) (glmmPQL, part of MASS package) with a negative binomial error distribution and
log link function (Bates et al. 2012). The mixed model with multiple random-effect terms was
run with random effect defined as: a) sampling sites (pitfall traps) nested with location; b)
date of sampling and c) year of experiment. Each dwarf pine characteristic was used as a fixed
effect. We used F-tests to determine the significance of each variable since it is a robust test
for over-dispersed data. Data were analyzed using R software (R Development Core Team
2011).

Functional diversity analyses

To date, relatively little is known about the functional consequences of a plant invasion for
arthropod assemblages. FD relates to the functional interactions of organisms with their
environment, in this case, how species of different functional groups of beetles (i.e.,
herbivores, carnivores etc.) respond to the spread of a non-native plant species. FD can be
defined as the range, dispersion, and relative abundance of functional traits of organisms in a
given ecosystem (Mouchet et al. 2010). According to Mason et al. (2005), FD is comprised of
different components, complementary to each other and analogous to species diversity.

Therefore, we calculated functional diversity (FD) using an approach of three indices
representing the three fundamental components of FD (sensu Mason et al. 2005, Mouchet et
al. 2010): a) functional richness which indicates the amount of functional space occupied by
a species of the given assemblage; b) functional evenness which describes how regularly
species abundances are distributed in the functional space; and c¢) functional divergence which
defines how far high species abundances are from the centre of functional space (Mouchet et
al. 2010).

To calculate FD we selected species traits divided into two groups appropriate to predict
the habitat niche (habitat preference, wing morphology and moisture requirement) or the
trophic niche (trophic group, food specialization and body size). Finally, we analysed
functional diversity of the epigeic beetle assemblage by using functional diversity indices,
according to Mason et al. (2005). The dependent variables were square root transformed. The
indices were calculated individually for each trap with all five sample periods pooled to
obtain value for each index. We then depicted and tested the curves fitting the trend of each
index in relation to dwarf pine by regression, using a Gaussian distribution of error variance.
Standard errors were corrected using a quasi-likelihood function.



Results

We sampled 5,498 individuals belonging to 46 species (see Appendix 1). The most abundant
ones were Pterostichus unctulatus with 1,717 individuals and Carabus sylvestris with 948
individuals, followed by Calathus micropterus, Carabus linnaei, Cychrus caraboides,
Pterostichus diligens and P. oblongopunctatus, all with more than 200 specimens in total. In
general, species associated with natural or semi-natural mountain habitats predominated in the
assemblage of carabids. The assemblage contained also species of high conservation value
bound to the native montane ecosystems, e.g., the boreo-montane or montane relicts Amara
erratica, Carabus sylvestris and endemic Pterostichus rufitarsis cordatus.

Community patterns of ground beetles

CCA model to determine relationships between ground beetle species and environmental
factors (F = 3.618, P < 0.001 for all canonical axes) revealed that all vegetation types
significantly explained the variability in species data (Calamagrostis F = 6.67, P < 0.001;
Avenella F = 3.62, P = 0.001; Vaccinium F = 1.53, P = 0.007; Picea F = 1.32, P = 0.018;
Athyrium F =2.23, P=10.001) and dwarf pine (Cover F = 7.32, P =0.001; Distance F = 4.37,
P=0.001; Age F = 1.55, P =0.03) all with significant effect (Fig. 2). The longest gradient of
species data in the CCA biplot is along the horizontal canonical axis (Fig. 2) and corresponds
to the environment changes from the dwarf pine and spruce (Picea) sites to open alpine ones
(Avenella). Forest species predominate on the left part of the ordination diagram (Carabus
auronitens, C. linnaei, Leistus piceus and Pterostichus unctulatus), whereas open habitat
species and generalists are mainly clustered on the opposite side (Amara erratica, Calathus
melanocephalus, Carabus sylvestris, Poecilus versicolor, Pseudoophonus rufipes and
Pterostichus diligens).

o
A vl
Calamagrostis = Distance
A
Gla
A
Mel
AU"A Lun
Aur® Vv ..
. accinium  avenella
Athyrium rr
Laea §quSyl -
Lin
Pica AAM
Stra FerACar 0bl
UMH'C Ag/[ec
ic
Picea Ver
1Cover
Age
o
D v
I t
-0.8 0.8



Fig. 2 CCA biplot of environmental variables (dwarf pine features and vegetation types) and
distribution of carabid beetles in alpine tundra of Hruby Jesenik Mts. Only species with
abundance > 10 are depicted. The beetle names are denoted by triangles with correspondent
abbreviations: Amara erratica (Err), Amara lunicollis (Lun), Calathus melanocephalus
(Mec), Calathus micropterus (Mic), Carabus auronitens (Aur), Carabus glabratus (Gla),
Carabus linnaei (Lin), Carabus sylvestris (Syl), Cychrus caraboides (Car), Leistus
ferrugineus (Fer), Leistus piceus (Pic), Patrobus atrorufus (Atr), Poecilus versicolor (Ver),
Pterostichus aethiops (Aet), Pterostichus diligens (Dil), Pterostichus oblongopunctatus (Obl),
Pseudoophonus rufipes (Ruf), Pterostichus unctulatus (Unc), Trechus striatulus (Str) and
Trichotichnus laevicollis (Lae)

Functional groups of ground beetles and their responses to dwarf pine characteristics

The assemblage of carabids consisted of 19 forest species, 9 generalist and 18 open habitat
species. Three different trophic strategies were represented; carnivorous (29 species),
herbivorous (12), and omnivorous (5), with nine species showing a particular level of food
specialization. The results of functional diversity analyses indicated that all three parameters
of dwarf pine stands, i.e. age, cover and distance from dwarf pine significantly changed the
composition and structure of certain functional groups of beetles (Table 1). Both functional
richness and divergence of trophic groups visibly declined with increasing age and dwarf pine
cover (Table 1, Fig. 3a, b). Furthermore, increasing distance from the dwarf pine stands
enhanced functional divergence of trophic groups (Table 1, Fig. 3c). In other words, the
diversity of feeding habits was higher in the alpine tundra than in the dwarf pine stands. Also,
both functional richness and divergence of groups with different habitat association were
affected by cover and distance of the dwarf pine stands (Table 1, Fig. 3d, e, f). The maximum
functional richness of habitat groups was found in plots with moderate cover of dwarf pine
(Fig. 3e). Furthermore, functional richness also increased with the distance from the dwarf
pine stands (Fig. 3d). In contrast, functional divergence of habitat groups declined towards the
native tundra (Fig. 3f).

Table 1 Functional diversity of carabid beetles (sensu Mason et al. 2005) related to crucial
dwarf pine characteristics

Dwarf pine and species traits Functional diversity

Richness Divergence Evenness
Age and habitat association y=-0.0012x + 0.2299 y=-0.0013x+0.7718 y =-0.0004x + 0.6101
R2=10.0408 ™ R2=0.0123"™ R2=0.0016 "
Age and trophic group y=-0.0015x +0.19 y =-0.0008x + 0.6767 y =-0.0005x + 0.5757
R?=0.0747 * R2=0,006" R2=0.0024 "™
Cover and habitat association y=-0.2605x>+0.2232x + 0.1541  y=0.011x+0.7141 y=-0.0365x + 0.6331
R?=10.032 * R2=0.0003 ™ R2=0.0048 ™
Cover and trophic group y=-0.136x>+0.1088x + 0.1139 y=-0.1721x+ 0.7417 y=-0.0399x + 0.5911
2=0.0091 "™ 2=(.0883 *** R2=0.0054 "™
Distance and habitat association y =0.0035x + 0.19 y=-0.0061x + 0.6879 y=0.0028x + 0.606
Rz=0.055 * R?=0.055 *** R2=0.015"
Distance and trophic group y=0.0036x + 0.1344 y=0.0104x + 0.6817 y=-0.0011x+0.5511
2=0.068 " 2=(.176 *** R2=0.002 "

qa Fx%

p<0.001; " p<0.01; " p<0.05;™ - not significant
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Fig. 3 Functional diversity analyses conducted according to Mason et al. (2005) depicted as
fitted trends for functional richness and functional divergence indices in relation to age (years)
and cover (0-100%) of dwarf pine stands and distance (metres) from the dwarf pine edge are
depicted

Responses of specific groups of ground beetles to dwarf pine

Carabid beetle assemblages are composed of diverse ecological groups, thus the response to
dwarf pine may be heterogeneous at the species level when compared with the guilds level.
According to the GLMM results, the type of vegetation in general and dwarf pine in particular
had a significant effect on the epigeic beetle assemblage (Table 2). Age was the best predictor
of dwarf pine for the carabid assemblage (Table 2) although responses of distinct ecological
groups were not uniform. Concurring with the results of functional diversity analyses, the
food specialists declined remarkably with increasing age of the dwarf pine stands (Table 3,
Fig. 4). In contrast, the abundance of food opportunists increased with the age of dwarf pine
(Fig. 4), in both forest carabids and generalists (Table 4, Fig. 5).
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Table 2 Analysis of deviance results conducted using GLMM, to test for factors that
influence the relative abundance of carabids. Sample sites nested within the dwarf pine were
used as random variables

Variable Df F*
Locality 2 0.44
Vegetation 5 461"
Age 1 0.52"

M p<0.001; " p<0.01; " p<0.05;™ - not significant

Table 3 Analysis of deviance results performed using GLMM, to test the effect of dwarf pine
age on the relative abundance of food specialized carabids. Sample sites nested within the
dwarf pine were used as random variables

Variable Df F*

Age 1 551"
Food specialization 1 70.02""
Age: food specialization 1 475"

a sk

2<0.001; " p<0.01; " p<0.05;™ - not significant

20 40 60
] ] I 1 ] 1

Non-specialized Specialized

Relative abundance

Fig. 4 Effects of dwarf pine age on abundance (trap catch per day) of food-specialized and
non-specialised carabid species predicted by GLMM

Table 4 Analysis of deviance results conducted using GLMM to test the effect of dwarf pine
age on the relative abundance of carabid groups with different habitat association. Sample
sites nested within dwarf pine stands were used as random variables

Variable Df F

Age 1 5.54
Habitat association 2 112.65™
Age: habitat association 2 1042

a *%%

2<0.001; " p<0.01; " p<0.05;™ - not significant
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Fig. 5 Effects of dwarf pine age on the relative abundance (trap catch per day) of carabid
groups with different habitat association (“Forest”, “Open’ habitats and habitat “Generalists”)
predicted by GLMM

Species responses of ground beetles to dwarf pine characteristics

GLM analyses to detect detailed responses of particular carabid species to different features of
dwarf pine stands showed that abundances of 23 species were significantly affected
(Appendix 2). Specifically, 17 species responded to age (13 species decreased in abundance, 4
increased), 18 were influenced by cover (15 decreased, 3 increased) and 16 species varied in
abundance according to the distance to dwarf pine stands (11 increased, 5 species decreased
with distance (Appendix 2). Thus dwarf pine cover and age seem to be more important
predictors for carabids than the distance to pine stands. This is evident especially for species
able to fly (Admara spp.) which were not affected by the distance of their habitat from the
dwarf pine stands. As predicted, both open habitat herbivores (Amara spp.) and carnivores
(Carabus sylvestris) were more abundant outside of old dwarf pine stands with high cover.
Contrary to expectations, the majority of forest carabids (especially large Carabus spp. and
Pterostichus aethiops) declined within dwarf pine polycormons. Only three forest species
(Calathus micropterus, Pterostichus unctulatus and Trechus striatulus) preferred old dwarf
pine stands with high cover to open habitats. The responses of food specialists varied with
some snail-hunting species, such as Cychrus caraboides, being more abundant outside dwarf
pine stands whereas the widespread food-specialized Leistus ferrugineus was more common
in the dwarf pine stands. However, the majority of species significantly avoided the dwarf
pine areas; only few forest species with higher humidity requirements and one widespread
food specialist favoured the central areas of dwarf pine stands (Appendix 2).
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Discussion
Effects of dwarf pine features on assemblage and species

Our results support the hypothesis that the community structure of ground beetles is
significantly affected by all three dwarf pine features, i.e., age, cover and distance from
stands. The majority of species avoided the dwarf pine areas — their abundances decreased
with increasing age and cover of Pinus mugo stands. Furthermore, abundances of most
species increased with increasing distance from the edge of dwarf pine stands. Previous
studies recorded a strong gradient of environmental conditions from the open alpine tundra to
dwarf pine stands (Svoboda 2001). Towards the interior of dwarf pine habitats the
environment becomes shadier and damper than the surrounding alpine tundra (Svoboda 2001;
Zeidler et al. 2012). The accumulation of coniferous litter leads to soil acidification (Raulund-
Rasmussen and Vjere 1995; Svoboda 2001). These changed conditions may negatively affect
plant diversity (Svoboda 2001; Zeidler et al. 2012). Consequently, depletion of plant diversity
results in impoverishment of food-dependent arthropod assemblages (Gerber et al. 2008)
which are crucial for predators such as carabids (Thiele 1977). A similar situation where
abundance and biomass of ground dwelling arthropods (including Carabidae) decreased was
documented after the expansion of green alder (A/nus viridis) in the alpine regions of the
French Alps (Anthelme et al. 2001).

Especially the ground beetles associated with open habitats declined in sites invaded by
non-native woody plants as documented by Brigi¢ et al. (2014). In our study these species
similarly preferred plots of alpine tundra without dwarf pine. The life history of open habitat
species such as Amara spp. and Carabus sylvestris suggests that the shaded conditions of
dwarf pine stands are unsuitable for them (Thiele 1977). This is particularly evident in
specialized species which favour dry heath habitats such as Amara erratica (Stanovsky and
Pulpan 2006). Unexpectedly, the majority of forest species (e.g. Carabus auronitens, C.
glabratus, C. linnaei, Pterostichus aethiops etc.) also preferred open habitats to dwarf pine
vegetation (Appendix 2).

According to our study this trend can probably be explained by the carabids’ dependence
on plant biomass as a food source, either directly in herbivorous species or indirectly in
carnivores. The areas covered by dwarf pine represent species-poor plant communities with
lower density and cover of herbaceous plants than those of alpine tundra (Svoboda 2001;
Zeidler et al. 2012). The lack of food supply supports similarly poor assemblages of
herbivores (Haddad et al. 2009). This trend was not only described in phytophagous insects
(Gerber et al. 2008), but also in carabids with the same food strategy (Schirmel et al. 2011)
after the invasion of allochthonous plants. We observed similar patterns in our study, not only
in herbivorous Amara spp. which feed on grass seeds (Lundgren 2009), but also in mollusc
predators (Lindroth 1992a). As an example, the abundance of Cychrus caraboides declined in
dwarf pine stands compared to tundra habitats. Molluscs’ high abundances and species
richness are usually recorded on more alkaline soils and areas with higher cover of herbs and
mosses (Dvorakova and Horsak 2012), therefore the acidic soils found in dwarf pine stands
represent an unsuitable habitat for the majority of them. The more heterogeneous native
alpine habitats promote richer communities of herbivorous insects, which are important food
sources for carabids (Thiele 1977). A similar explanation may be used for large forest
carabids (Carabus spp.) that need rich sources of prey (Thiele 1977). Despite not being very
productive, alpine tundra (Nagy and Grabherr 2009) still represents a more heterogeneous
mosaic of different habitats providing larger food supplies than dwarf pine stands. This is
supported by our results — we found that dwarf pine stands hold substantially impoverished
assemblages of carabid beetles when compared to those of surrounding alpine tundra. As in
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other studies we also found a significant decline in beetle abundance associated with the
expansion of non-native plants (Finch and Szumelda 2007; Topp et al. 2008; Pawson et al.
2010), with the key factors being both microclimatic changes and loss of food supply in dwarf
pine stands.

Only four species preferred old dwarf pine stands with high cover. Calathus micropterus,
Pterostichus unctulatus and Trechus striatulus are ground beetles bound to the forest habitats
with more stable microclimate and higher moisture (Hurka 1996; Niemelé et al. 2007). This
finding is supported by the evidence that the interior of dwarf pine areas is damper than the
alpine tundra (Svoboda 2001; Zeidler et al. 2012). Furthermore, these species are considered
to be typical inhabitants of subalpine dwarf pine zones in other European mountains (Sustek
2007; Materna et al. 2010). The fourth species preferring dwarf pine habitats is Leistus
ferrugineus, a habitat generalist and a specialized predator of springtails (Collembola), (Hiirka
1996; Hurka et al. 1996). The increased abundance of this species may be the consequence of
larger food supply. In a Chinese mountain range, springtails have been found in higher
abundances in forests than alpine meadows (Wang et al. 2009) which may be due to the thick
layer of slowly decomposing needle litter in pine stands (Badejo et al. 1998). This could
provide a larger food resource for specialized carabid predators (Magura et al. 2005). In
general, some food-specialized species may prefer invaded habitats to native ones due to
indirect interactions, e.g., if the invasive plant supports specific types of prey (Hansen et al.
2009).

Dwarf pine effects on functional groups

We showed that all three parameters of dwarf pine stands significantly changed the functional
diversity of carabid beetles. Both functional richness and divergence of trophic groups
declined with increasing dwarf pine stand cover and age. Simultaneously, divergence was
greater with increasing distance from the pine stands. Food generalists dominated the
innermost areas of pine stands, but in general we found these areas to have a poorer spectrum
of food strategies. This could be the result of a general decline of herbivores and the majority
of specialized predators (Fig. 3, Appendix 2). Our findings are similar to those of other
studies focused on the effects of invasive plants on native biota. In general, invaded sites are
primarily favoured by euryoecious species (Brigi¢ et al. 2014), and species richness of ground
dwelling arthropods was found to decline along with the abundance of certain trophic groups
(Topp et al. 2008; Schirmel et al. 2011). Invasive plants usually support non-specialized
species of phytophagous arthropods whereas food specialists tend to disappear (Rohacova and
Drozd 2009).

An apparent effect of invasive species on dependent levels of food chain may be explained
by the lack of coevolution between these (Maron and Vila 2001). Dwarf pine in the Hruby
Jesenik Mts. is allochthonous, hence the species pool of the alpine zone did not have the
opportunity to meet and adapt to the shrub until the introduction of Pinus mugo 150 years ago
(Jenik and Hampel 1992). The absence of long-term coexistence of dwarf pine and local
communities of alpine tundra have apparently led to the dominance of food generalists and
the virtual absence of any specialized species. A similar pattern has been repeatedly noticed in
the herbivore communities of invasive plant species (Maron and Vila 2001; Rohacova and
Drozd 2009).

Both the proportion of food strategies and the structure of carabid groups associated with
distinctive habitat types have changed with the presence of dwarf pine. The functional
richness of carabid assemblages was higher on tundra sites as well as on those with 40-60%
cover of middle aged dwarf pine stands than in the dwarf pine areas (Fig. 3d, e). As native
tundra consists of various vegetation types, it represents a more heterogeneous environment
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than dwarf pine stands. Consequently, the sites with equally represented dwarf pine stands
and native open habitats may create heterogeneous mosaics that support diverse spectra of
carabids with various habitat demands. This explanation is in accordance with the generally
documented highest diversity of carabids along habitat ecotones (Mathé 2006). Thus, dwarf
pine brings heterogeneity into alpine environment to some extent, not only by its mere
presence, but also by the influence of its surroundings (Soukupova et al. 2001). For example,
polycormons of Pinus mugo accumulate large amounts of snow and horizontal precipitation
which leads to increased moisture and nutrient concentrations. These local microhabitats
support specific plant communities, distinct from those of open tundra and shady pine stands
(Soukupova et al. 2001). This pattern was also observed in sites where alien plant invasion is
in the initial phase. Freshly invaded areas with low cover of invasive species typically reached
higher abundances and species richness of carabid beetles than completely overgrown areas,
even higher than in the native habitat (Brigi¢ et al. 2014). This might be the reason for high
functional divergence of habitat groups found within dwarf pine stands near their edges (Fig.
3d). However, it is of great importance to highlight the fact that functional diversity does
decline with increased dwarf pine cover, as the gradually closing canopy becomes a more
uniform environment (Zeidler et al. 2012).

Conservation implications

Overall our results indicate that the expansion of allochthonous Pinus mugo depletes
indigenous insect communities of the alpine belt. Dwarf pine significantly decreased the
abundance of most carabid species. We also found a substantial decline of functional richness
and divergence of carabids with increasing age and cover of the dwarf pine stands. Dwarf
pine particularly supported food generalists adapted to forest habitats. Our findings are in
agreement with the study of Zeidler et al. (2012) which focused on the effects of dwarf pine
on plant communities in the same area. We stress that Pinus mugo does play the role of an
invasive species in the environment of isolated alpine islands of the topmost parts of Hruby
Jesenik Mts. Currently, dwarf pine stands cover an area of almost 18% of the former alpine
treeless zone, with an annual growth rate of about 2% of its current extent (Treml and Banas
2008; Treml et al. 2010). Some isolated alpine patches are in danger of becoming overgrown
during the next few decades. Bearing in mind the uniqueness (Bila et al. 2013; KaSak et al.
2013) and small area of fragmented and isolated alpine tundra in Central Europe, we
recommend the removal of allochthonous dwarf pine to protect this unique ecosystem, the
alpine tundra.
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Appendices

Appendix 1 Abundances of the carabid beetles sampled in the Hruby Jesenik Mts. and their functional
characteristics

Total abundance

. . a b
Species Habitat Food OS/IN ©
Agonum gracilipes (Duftschmid, 1812) O C 1/0
Agonum muelleri (Herbst, 1784) 0] N 1/0
Amara convexior Stephens, 1828 o H 2/0
Amara equestris (Duftschmid, 1812) O H 52
Amara erratica (Duftschmid, 1812) O H 16/3
Amara lunicollis Schiddte, 1837 O H 57/25
Amara nitida Sturm, 1825 0] H 5/1
Bradycellus caucasicus (Chaudoir, 1846) (0] H 1/1
Calathus erratus (C. R. Sahlberg, 1827) G C 2/0
Calathus melanocephalus (Linnaeus, 1758) (0] C 5/5
Calathus micropterus (Duftschmid, 1812 F C 139/407
Carabus arvensis Herbst, 1784 G C 2/2
Carabus auronitens Fabricius, 1792 F C 115/50
Carabus glabratus Paykull, 1790 F C 29/3
Carabus linnaei Panzer, 1810 F C 154/111
Carabus sylvestris Panzer, 1793 (0] C 550/398
Carabus variolosus Fabricius, 1787 F C 5/0
Carabus violaceus Linnacus, 1758 G C 51/75
Cychrus attenuatus (Fabricius, 1792) F C 1/0
Cychrus caraboides (Linnaeus, 1758) F C 168/101
Cymindis cingulata Dejean, 1825 F C 1/3
Harpalus affinis (Schrank, 1781) o H 3/4
Harpalus laevipes Zetterstedt, 1828 F H 1/0
Harpalus latus (Linnaeus, 1758) F H 2/1
Leistus ferrugineus (Linnaeus, 1758) O C 32/75
Leistus piceus Frolich, 1799 F C 32/28
Loricera pilicornis (Fabricius, 1775) G C 0/1
Molops piceus (Panzer, 1793) F C 1/0
Notiophilus biguttatus (Fabricius, 1779) F C 6/0
Notiophilus palustris (Duftschmid, 1812) G C 3/0
Ophonus puncticeps Stephens, 1828 O H 1/0
Ophonus schaubergerianus Puel, 1937 O H 1/0
Patrobus atrorufus (Stroem, 1768) G C 37/3
Poecilus cupreus (Linnaeus, 1758) (0] N 7/1
Poecilus versicolor (Sturm, 1824) (0] N 17/41
Pseudoophonus rufipes (De Geer, 1774) 0] H 14/13
Pterostichus aethiops (Panzer, 1797) F C 77/56
Pterostichus burmeisteri Heer, 1838 F C 9/0
Pterostichus diligens (Sturm, 1824) G C 141/89
Pterostichus melanarius (Illiger, 1798) G N 9/3
Pterostichus oblongopunctatus (Fabricius, 1787) F C 169/182
Pterostichus rufitarsis (Dejean, 1828) F C 3/0
Pterostichus unctulatus (Duftschmid, 1812) F C 524/1193
Trechus striatulus Putzeys, 1847 G C 41/158
Trichotichnus laevicollis (Duftschmid, 1812) F N 13/7

Beetles were divided into three groups either * according to their habitat association: generalist (G), forest (F)
and open habitat (O) species, or * according to their food requirements: carnivorous (C), herbivorous (H) and
omnivorous (N) species. © Study plots were situated outside (OS) and inside (IS) dwarf pine stands
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Abstract

This empirical study is one of the first which analysed together the response of orders,
individual species and functional richness of arthropods to particular management treatments
and to linear landscape features, grass baulks and tree groves. On short-time scale, mowing
negatively influenced mostly less mobile, flightless taxa. In contrast, long-term management
of grasslands carried out by mowing performed once every year supported the highest species
richness through the investigated taxa. Most functional diversity measures reached their
maxima immediately after the mowing, reflecting the consequent increase of habitat
heterogeneity. Both grass baulks and tree groves substantially affected the invertebrate
community structure, the majority of taxa being positively associated with these linear
features. Based on our results, we propose postponement of mowing, splitting the mowing
period into more gradual stages, maintaining of uncut strips primarily along the permanent
landscape features and establishing both grass baulks and tree groves in the submontane

grassland environment.

INTRODUCTION

A substantial proportion of Central European biodiversity is associated with semi-
natural grasslands. Existence of this widespread type of open habitat is ensured by disturbance
regime preventing the succession towards forest. Non-forest areas were traditionally

maintained by grazing and hay-making (Duffey et al., 1974). Both types of land use were



heterogeneous in terms of intensity and often fluctuated in space and time, creating a wide
spectrum of microhabitats and, therefore, promoted high species richness and diversity
(Benton et al., 2003; Davies et al., 2005). The 20th century brought two interrelated trends,
both of which led to the loss of major part of spatial and temporal heterogeneity. This resulted
in depletion of originally diverse communities of grasslands. Former meadows and pastures
were either transformed into consolidated blocks of arable land and productive grasslands, or
became abandoned and have gradually overgrown by forest (Stoate at al., 2001; Robinson &
Sutherland, 2002; Stoate et al. 2009). Nowadays, decline of over 50% of earlier extent of
grasslands is reported for the Czech Republic (Skalos, 2006). Not only the loss of area but
also structural changes (Skalo§ et al., 2011) of the remaining or even newly founded
grasslands may be the reason for the noticeable diversity decline (Benton et al., 2003; Holusa,
2012). Fragments of former grasslands which have lasted are mainly merged into land blocks
on average 5-10 times larger than half century ago (Plesnik & Stanikova 2001). Former
hedgerows, grass and tree buffer strips, as the important elements of spatial heterogeneity,
have been lost during the collectivisation time culminating in the 1970s and 1980s (Konvicka
et al.,, 2008). Time heterogeneity rapidly declines as the modern hay harvest machinery
removes grass from extensive areas in very short time span (Cizek et al. 2012, Buri et al.
2014) Despite the above mentioned, semi-natural grasslands still play a key role in the
preservation of a considerable part of non-forest biodiversity associated with cultural
European landscape (Poschlod & Wallis De Vries, 2002; Woodcock et al., 2005; Baur et al.,
2006).

In this study we evaluate the impacts of agricultural management practises and local
landscape structure on invertebrate communities of submontane meadows and pastures of the
Czech Republic. There is extensive literature on the influence of mowing, grazing and
landscape structure on particular taxa of invertebrates (e.g. Schmidt et al., 2005; Ekroos et al.,
2010; Humbert et al., 2010). However, studies revealing the complex influence of often
combined management practises and landscape complexity in real conditions of farmlands are
noticeably scarcer. Majority of these studies concentrated on the response of one or few
popular groups, not on the whole range of invertebrate taxa (but see Kruess & Tscharntke,
2002; Debano, 2006; Sjodin et al., 2008; Cizek et al., 2012). Moreover, still little is known
about functional consequences of agricultural management, in other words how species of
different functional groups (i.e. pollinators, herbivores, carnivores etc.) of arthropods interact
with the grassland management. There is consensus, however, that higher diversity
(functional diversity included) ensures more complex ecosystem services (e.g. De Groot et al.
2010, Cadott et al. 2011, Isbell et al. 2011).

We evaluated the impacts of various types of grassland management on community

structure of invertebrates, aiming at both immediate impacts of mowing and grazing and long-
term effects of each management treatment. Additionally, we focused on the effect of local

landscape structures (i.e. grass buffer strips, “baulks”; tree and shrub buffer strips, “groves”).



Arthropod communities were investigated on two taxonomic levels: (i) number of individuals

— representatives of orders, (ii) abundances of butterfly, bumblebee and beetle species.

MATERIAL AND METHODS

Study area

The study was performed in the submontane area (ca. 750-800 m a.s.l.) of the Hruby
Jesenik Mts., in north-eastern part of the Czech Republic. The region of permanent grasslands
(50°6'39"N, 17°3'14"E) close to Nové Losiny village is almost completely surrounded by
extensive forest and covers an area of about 180 ha. The research area was situated in the
eastern, more heterogeneous and better preserved, part of the grassland complex (80 ha) with
the semi-natural hay meadows and pastures managed in regime of Czech agri-environmental
schemes (AES) for at least 5 years (Fig. 1). Particular land units are regularly divided by

grassy baulks and tree groves.

Studied groups

We investigated the effects of agricultural management and local landscape structure on
arthropods. First, we dealt with the numbers of individuals within all invertebrate orders
numerously represented in the samples. This approach brings an advantage of reduced time
and economic efforts (Andersen 1995) and, at the same time, enables an indicative evaluation
of whole community response to environmental change (management treatment). Recent
studies imply that taxonomic diversity determined on the basis of the individual orders’
proportion enables appropriately the indication of environmental changes (e.g. Biaggini et al.
2007, Tanabe et al. 2008). Second, we focused in detail on three target insect groups with
diverse life histories, all of them often used as models in conservation studies. Butterflies and
burnet moths (Zygaenidae), bumblebees including cuckoo-bees of Psithyrus subgenus, sensu
Cameron et al. (2007) and Coleoptera were included in the study, all three groups being
important bioindicators of treeless habitats. Since these groups differ in life histories and
occupy diverse functional niches they may respond differently to various management

approaches as well as other habitat characteristics.

Sampling method

We used yellow pan water traps (YPWT; Moericke, 1951) deployed in transects
across all patches. Although the YPWT are generally used for sampling of flower-visiting
insects (Kuras et al., 2000; Monsevieius, 2004; Campbell & Hanula, 2007; Wilson et al.,

2008), they do represent a standardized method that can be useful for comparison across sites
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(Wilson et al., 2008). Moreover, previous studies successfully used this method for other
guilds of invertebrates, e.g. Homoptera (Mochida & Suryana, 1976; Boiteau, 1990), Aranecae
(Blades & Marshall, 1994), Orthoptera (Evans & Bailey, 1993) and Coleoptera (Leksono et
al., 2005). The YPWT were plastic bowls 15 cm in diameter and 8 cm deep filled with a
preserving liquid (water solution of sodium chloride enriched with commercial detergent).
They were placed on the ground and the surrounding vegetation was mown and removed in
the circle (d = 1 m) around the trap to avoid shading and biased sampling. The YPWT
sampled from the end of May until the end of August in the first season of investigation
(2009) and from the 3™ week of June until the penultimate week of September in the second
year (2010). We had to postpone the first date of sampling due to unfavourable weather
conditions during spring 2010. The samples were collected at approximately ten-day intervals,
ten times during each field season. Each sample was preserved in 95% ethanol. All specimens
were divided and counted within each higher taxon; subsequently butterflies, bumblebees and
beetles were identified to species level, except of problematic species of small herbivorous
beetles, which were identified up to the family level (most of Mordellidae, Nitidulidae, some
representatives of Chrysomelidae etc.). These specimens were included only to the analyses
on the level of orders. The nomenclature followed Fauna Europaea database (version 2.5.;

http://www.faunaeur.org.).

Sampling design

We studied four types of grassland management: (i) mowing, (ii) cattle grazing, (iii)
combination of mowing and grazing and (iv) “no management” during the vegetation season
(N). These treatments were carried out for at least five consecutive years. Moreover, we
focused on the actual effect of cutting and grazing on arthropods. Grazing intensity was lower
than 1 cattle/ha (specifically it reached 0.82 and 0.84 cattle/ha for the grazed sites). The
meadows were not fertilised and were cut once a year using roller mower without conditioner
(cutting height 6 cm). In the first year of investigations (2009), the meadows were mown in
the first week of July. In the second year, the area was mown gradually in six steps between
29™ of June 2010 and the 25™ of August 2010. The cattle grazing started at the experimental
pasture sites in mid-June and lasted for 30 days. The sites with combined effects of mowing
and grazing were mown earlier, in the first week of July, and then grazed for approximately
one month from the last week of August to the last week of September. Finally, in the
patches, called for purpose of this study as “no management”, the vegetation cover was left
uncut and was not grazed during yearly investigations throughout the vegetation period. The
vegetation was then cut or grazed later in the autumn (October — November). The design of
the survey consisted of 12 grassland patches, each of four management treatments were

represented by three units (Fig. 1).



Management

grazing
mowing
B combination
[_Jwithout treatment |
— YPWT ftransects

Nové Losiny

—)
0 50 100km

Fig. 1. Location of study area in the Czech Republic, mutual position of sites with different long-term

management treatments and position of transects within sites.

The patches were situated on the plain ground or on the gentle slope; we selected study
plots of similar elevation (from 750 to 780 m above sea level) and inclination. Average size of
the patches was 2.38 ha (the smallest covered the area of 1.16 ha, the largest the area of 4.81
ha). All the patches were delimited by distinct boundaries — belts of trees, forest edges or
grass baulks. We distinguished two types of edges - baulks and groves. The baulks were
perennial treeless strips (breadth 5-10 m) and groves were strips with matured trees providing
a shady shelter (breadth 10-15 m).

Transects ran from one edge of a particular patch (formed either by baulk or grove)
towards another. The distance between neighbouring traps was approximately 20 m. The
mowed patches were sampled by 35 traps in total, the grazed patches by 11 traps and those
with combination of grazing and mowing together were sampled by 13 traps. The patches
without management during the vegetation season were sampled by 21 traps; the remaining 8
traps were situated inside of linear structures (i.e. baulks and groves). The number of traps
sampling each management treatment corresponded to the area covered by patches of

particular treatment.



Data arrangement

We first studied the immediate impact of grazing and mowing on the community
structure of grassland invertebrates. The explanatory variables were mowing and grazing, both
of them tested in interaction with time (sensu seasonality). Mowing was coded as ordinal
variable on the following scale: 1, 0.5, 0.25, 0, which corresponds to the gradual restoration of
the sward after disturbance. Immediately after the mowing, the value was 1, gradually
decreasing in the following 10-days periods (0,5; 0,25), reaching zero (0) after 30 days from
the date of mowing. We defined these values according to the time of sward recovery after the
treatment, recorded during the regular fieldworks. The factor grazing was a categorical
variable as it had only two variants, presence or absence, for the grazing intensity was low
and equal in all sites. The time (sensu seasonality) was individually coded for each collection
date as the number of day passed from the beginning of the year. Replication units for these
analyses were samples from each collection date (20 collections per two seasons of
investigations altogether) pooled within each of 12 patches.

We then focused on long-term effects of four types of management (i.e. mowing,
grazing, both treatments, no management during vegetation season). These were investigated
using rarefaction curves with the four management treatments (coded 1/0) as explanatory
variables. In this case, replication unit was each of 12 patches with all samples pooled
together.

At last, the effect of two linear landscape structures was assessed using ordination
methods. The distances in metres from the nearest baulk and grove were individually recorded
for each YPWT. Therefore, the replication unit was each trap (i.e. all samples obtained by
particular trap during the experimental period were pooled).

The response variables used in the ordination analyses and GLM were (i) a number of
representatives of each order of invertebrates and (i1) a number of individuals of each species
belonging to three targeted groups. Pooled numbers of representatives either of orders or of
species within three groups was used for the construction of rarefaction curves.

Group of covariables was set on the base of forward selection and included abundance
of flowers and degree of shading. Additionally, the distances from each type of linear element
were also included as variables into the analyses of the impact of management, whereas the

management measures were included as variables to test the role of local landscape structure.

Statistical analyses

We used ordination methods to investigate the influence of different management
measures and landscape components on invertebrate community structure. Ordination
analyses were conducted with CANOCO (version 4.5.); the length of gradients in species data

was determinative for using either canonical correspondence analysis (CCA) or redundancy
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analysis (RDA) (sensu Ter Braak & Smilauer 2002). These were computed to relate gradients
in species composition and abundances to external predictors and also to test the importance
of these predictors. Data on abundances of individuals of the species/orders were log-
transformed. We tested the models using Monte-Carlo permutation test (2000 permutations
with split-plot design restricted to linear transects). Forward selection procedure was used to
test environmental variables. Explanatory variables mowing and grazing were tested in
interaction with time. Covariables included time, flower abundance and degree of shading and
were selected also by forward selection. We calculated flower abundance for each trap during
regular sample collection. We obtained four values according to the estimated number of
flowers within a 5 m diameter circle with the trap in the centre. The categories of abundance
were: <10 flowers (1), 10-100 fl1. (2), 100-1000 fl1. (3), >1000 fl. (4). The factor shading had
three estimated categories according to the position of each trap to shading margins — from
low (1) through medium (2) to high (3).

Furthermore, generalized linear models (GLM) with Poisson distribution were used to
assess the impact of a particular factor (i.e. "mowing”, “baulk” and “grove”) on the
abundance within orders and on the species abundance of targeted groups. Finally, we used
the analyses of functional diversity (sensu Mason et al. 2005). FD analyses were conducted
for single taxon (Coleoptera) as the most heterogeneous taxa amongst targeted groups.
Relationship between species richness of particular ecological trait or functional diversity as
response variables and effect of mowing were examined using generalized linear model with
gaussian error distribution and log link function. Standard errors were corrected using quasi-
likelihood function. Effect of each explanatory variable was tested also for its significance of
the quadratic transformation. Step-wise selection based on the lowest Akaike information
criterion (AIC) was used to choose the right transformation function of the explanatory
variable. We used an F-test to determine significance of each variable since it is a robust test
for over-dispersed data. Rarefaction curves were constructed to show the long-term effects of
the four management treatments on arthropod species richness/number of orders on sites
delimited by each treatment. Data were analyzed using R software (R Development Core
Team 2011) and Canoco (Ter Braak & Smilauer, 1998).

Functional diversity analyses

We analysed functional diversity (=FD) of beetle community in relation to actual
mowing, using functional diversity indices according to Mason et al. (2005). Other two
groups were excluded from the analyses as their representatives are too similar to each other
in their functional traits (e.g. all bumblebees are comparably flyers, both their larvae and
imagoes feed on nectar and pollen; all butterflies consume the nectar whereas their caterpillars
are herbivores). On the base of species-specific features and simple abundances of each

species in sample we calculated the functional richness, evenness and divergence. The indices
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were calculated for four levels of mowing effect (following the scale: 1, 0.5, 0.25, 0 — see
above) and were square root transformed. The indices were calculated for the traps with the
same actual level of mowing effect together, all sample sites with mowing treatment pooled.
For the calculation of FD (sensu Mason et al. 2005) we selected these species traits: trophic
group, habitat association and dispersal ability of imagoes (see Table 4 in Appendix). Species
feeding on nectar and pollen were classified as ‘“nectarivores”, groups depending
predominantly on living plant tissues were categorized as ‘“herbivores” whereas those
consuming mainly dead plant litter and/or faeces were gathered in the group of
“saprophagous” beetles. The category “necrophagous” was established for mainly carrion-
feeding species, whereas the category “omnivores” was established for species with broad
spectra of food resources. Moreover, species were divided into 4 groups according to their
prevailing occurrence in habitat type: forest, open habitat, species associated with ecotones
and mosaic landscape, euryoecious species (i.e. habitat generalists). Finally, dispersal ability
was scaled as follows: 1 — low dispersal ability (local, sedentary species including all
brachypterous beetles), 2 — high dispersal ability (vagile macropterous species, migrants).
These functional traits were selected because it characterizes the species interaction with and
exploitation of ecosystem. The species-specific characteristics were obtained from: Balthasar
(1956), Tesat (1957), Smerczynski (1965, 1966, 1968, 1972), Freude et al. (1966, 1981),
Warchalowski (1971, 1973), Read (1977), Thiele (1977), Sustek (1981), Berge Henegouwen
(1986), Lindroth (1992), Slama (1998), Hoebeke et al. (2000), Laibner (2000), Bienkowski
(2001), Harka (2005), Stanovsky & Palpan (2006), Shields et al. (2009), Kubisz & Svihla
(2013) and Miquel & Vasko (2014).

RESULTS

The total number of collected individuals reached 134 411, representing 16 orders of
insects and four taxa of other arthropods. We included the following orders into the analyses,
with the total number of sampled individuals in parentheses: Araneae (3 779), Coleoptera (6
342), Collembola (243), Dermaptera (1093), Diptera (78 023), Ephemeroptera (449),
Hemiptera (20 969), Hymenoptera (9 644), Lepidoptera (3 119), Mecoptera (4 699),
Neuroptera (118), Opilionida (1 967), Orthoptera (2 476) and Thysanoptera (1 271). Other
taxa (i.e. Acari, Blattodea, Odonata, Plecoptera, Psocoptera and Trichoptera) were removed
due to low number of representatives (less than 100 individuals), indicating accidental
occurrence.

Diptera and Hemiptera were the most numerous groups as they accounted for near 74%
of the total number of individuals collected. Three insect groups were targeted in detail, their
representatives in samples were identified to species level. Day-active butterflies and burnet
moths (Zygaenidae) were represented by 2070 individuals of 41 species, bumblebees and

cuckoo bumblebees accounted for 482 individuals of 14 species. Beetles identified to species
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level contributed to the sample with 1975 specimens of 106 species. The most abundant
lepidopteran species was Maniola jurtina (Linnaeus) with 525 individuals, followed by
Lycaena hippothoe (Linnaeus), 306 ex.; Aphantopus hyperantus (Linnaeus), 301 ex. and
Lycaena virgaureae (Linnaeus), 220 ex. Individuals of two stenotypic montane species of
bumblebees, Bombus soroeensis (Fabricius), 148 ex. and B. wurflenii Radoszkowski, 129 ex.
covered two thirds of the whole sample in this group. As predicted, representatives of various
guilds of herbivorous species were the most abundant amongst beetles, e. g. specialised,
oligophagous leaf beetles Cryptocephalus sericeus (Linnaeus), 369 ex. and C. moraei
(Linnaeus), 164 ex. and polyphagous widespread generalist Phyllopertha horticola (Linnaeus
1758), 151 ex. Numerous individuals of necrophagous species of the family Silphidae were
frequently recorded in the samples, e. g. Nicrophorus vespillo (Linnaeus); 164 ex., Silpha
tristis 1lliger, 141 ex. and others.

As well as, we recorded species of conservation interest, such as Parnassius mnemosyne
(Linnaeus), Hesperia comma (Linnaeus) and Argynnis adippe (Dennis & Schiffermiiller); two
sensitive bumblebee species associated with mountain habitats Bombus jonellus (Kirby) and
B. wurflenii; and Bolboceras armiger (Scopoli), an endangered termophilous scarab beetle,
usually found at xerotermic steppe vegetation of warm lowlands.

Effects of management activities

The effects of diverse management measures were tested at two different taxonomic
levels — order and species level. The impact of management was also investigated at two
different time-span levels — actual management (i.e. immediate effect of particular
management measure in a given year), and long term management (one of the four

management treatments, used at the study plots for at least five consecutive years).

Immediate effects of grassland management

In Fig. 2 we show the results of ordination analysis used to reveal the immediate
influence of two management measures tested in interaction with time on particular taxa.
Structure of arthropod communities differed among study sites treated with mowing and
grazing (Table 1), with a significant effect of factor mowing~time (F = 12.80, P = 0.022). The
gradient along horizontal canonical axis corresponds to the dispersal abilities of the taxa (Fig.
2). More mobile taxa predominate within the right part of the diagram (Diptera, Lepidoptera,
Hemiptera and Coleoptera). In contrast, wingless surface-active groups are situated on the left

side (Opilionida, Araneae and Collembola).



©
© Orthoptera
4
: ' Coleoptera
time~grazing v
Dermaptera
L 4
Opilionida Mecoptera _time~mowing
.6 |
» » Diptera
Ephemeroptera " Neuroptera ..
| Hemipt,
Collembola, g
Th 0Pl 'Y
oo Lepidoptera
4 s
Araneae |
| 4
Hymenoptera
©
Q@

_0-4 t t t t 0-6

Fig. 2. Biplot CCA of actual management variables tested in interaction with time (mowing * time and grazing *
time) and relative abundance of grassland arthropods (orders). Only the orders with total abundance >100

individuals were included into analysis.

Additional GLM analyses supported the hypothesis that more mobile taxa, represented
by flying species, e.g. Mecoptera and Neuroptera, might not be substantially affected by
disturbance through either mowing or grazing. Other mobile groups such as Diptera,
Coleoptera and Hymenoptera may even be found in higher numbers in samples from cut
sward (Table 1). In contrast, more sedentary taxa unable to fly (Collembola, Opilionida,
Dermaptera) significantly tended to cluster in the plots with undisturbed vegetation (Table 1).
None of arthropod taxa did show any significant respond to cattle grazing (Table 1).
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Table 1: Immediate individual responses of invertebrate taxa to management predicted by generalized linear
models (with pooled numbers of individuals within taxa as dependent variables and two management treatments
— mowing and grazing — as explanatory variables). Taxa were divided according to their dispersal abilities. High
mobile taxa were those represented mostly by flying species, less mobile group included mainly wingless taxa.

Factors with significant impact on the taxa and their p-values are listed in bold.

Dispersal Taxon Mowing Grazing
Regression F P Regression F P
coefficient coefficient
B B’ B B’
High mobile Coleoptera 0.96 53.13 <0.001 0.07 0.04  0.15
Diptera 0.37 22.47 <0.001 -0.04 045  0.17
Ephemeroptera ~ -8.25 2.00 0.16 -7.64 0.16  0.31
Hemiptera -1.36 1.78 6.26 <0.01 0.25 0.61 0.43
Hymenoptera 1.00 -0.99 3.62 <0.05 -0.49 3.21 0.07
Lepidoptera 0.25 1.46 0.23 -0.85 1.75  0.18
Mecoptera 0.11 0.10 0.25 -1.20 0.99  0.32
Neuroptera -0.88 0.16 0.31 -4.30 0.12 0.27
Orthoptera -2.38 2.31 4.19 <0.01 1.24 1.13  0.30
Less mobile Araneae -0.45 2.15 0.14 -1.96 3.03  0.08
Collembola -25.84 6.20 <0.05 -6.03 040 047
Dermaptera -0.02 <0.001 <0.05 0.45 0.01 0.24
Opilionida -0.97 11.75 <0.001 0.47 .13 0.30

Subsequently, we analysed responses to both mowing and grazing in interaction with
time on the species level using RDA (Fig. 3). Similarly to previous analysis, the factor
mowing~time significantly affected structure of insect community (F = 2.41, P = 0.001),
whereas the response of species to factor grazing~time was weak and inconclusive (F = 0.97,
P = 0.502). Interestingly, majority of species seemed to be supported by the applied mowing
regime (Fig. 3, Table 2).
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Fig. 3. Biplot RDA of actual management variables tested in intraction with time (mowing* time and grazing *
time) and relative abundance of species. Only species with a fit-range >1% are depicted in the ordination
diagram. Names of species are denoted by triangles with acronyms: Adalia bipunctata (AdaBip), Anatis ocellata
(AnaOce), Aphodius depressus (AphDep), Argynnis adippe (ArgAdi), Argynnis aglaja (ArgAgl), Anthaxia
quadripunctata (AntQpu), Carabus scheidleri (CarSch), Coccinella septempunctata (CocSep), Dromius agilis
(DroAgi), Harmonia axyridis (HarAxy), Hesperia comma (HesCom), Lycaena alciphron (LycAlc), Maniola
jurtina (ManJur), Melitaea athalia (MelAth), Nicrophorus interruptus (NicInt), Phyllopertha horticola
(PhyHor), Propylea quatordecimpunctata (ProQua), Zygaena filipendulae (ZygFil).
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Table 2: Immediate individual responses of species of target groups to the mowing predicted by generalized
linear models (with pooled numbers of individuals within species as dependent variables). We included only
species with total abundance >5 and with statistically significant, or nearly significant response. Species with
significant response to mowing have their P-values and regression coefficients listed in bold.

Species N F P B AIC
Aglais urticae 29 3.51 0.06 -2.76 231.52
Anthaxia quadripunctata 82 18.21 <0.001 2.89 253.70
Argynnis adippe 7 4.80 0.03 2.14 72.83
Argynnis aglaja 21 6.06 0.01 1.69 186.04
Cantharis fusca 21 0.01 0.07 -4.02 218.77
Gonepteryx rhamni 5 0.01 0.08 0.17 59.94
Harmonia axyridis 5 4.61 0.03 2.35 58.14
Hesperia comma 153 6.12 0.01 -1.41 783.28
Lycaena hippothoe 306 4.27 0.04 0.67 1432.96
Lycaena tityrus 16 4.94 0.03 -24.58 146.42
Nicrophorus vespillo 164  0.01 0.08 0.06 1070.41
Oedemera virescens 16 0.01 0.06 0.08 145.82
Poecilus cupreus 41 3.53 0.06 -2.65 323.00
Phyllopertha horticola 151 538 0.02 -3.39 1059.61
Propylea quatordecimpunctata 7 6.23 0.01 2.31 71.52
Serica brunnea 11 0.01 0.02 0.03 120.31
Silpha obscura 56 0.01 0.05 0.08 522.49
Thanatophilus sinuatus 70 0.00 0.01 0.01 551.78
Vanessa cardui 138 6.82 0.01 -2.20 802.61

As the previous analyses revealed the immediate effect of mowing as determining factor
for community structure of arthropods, we included it as main factor to the analyses of
functional diversity of beetles. Our results revealed significant increase of functional
divergence on the recently mowed sites compared to places with grown sward (F = 5.88, P =
0.026). Contrary to functional divergence, functional evenness and richness did not changed
significantly along the gradient of mowing effect (F = 0.00, P = 0.9795; F = 3.48, P = 0.059).

Further, we analysed potential changes in proportion of particular functional groups of
beetles along the intensity of mowing effect. Forest species responded negatively to mowing
(P <0.001). In contrast, group of species associated with open habitats significantly preferred
the medium-grown sward to both full-grown and recently mown vegetation (P = 0.002) (Fig.
4a). Mowing caused a decrease of herbivorous taxa in samples (P < 0.001), whereas
nectarivores seemed to be supported (P < 0.001) (Fig. 4b).
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functional groups are depicted.

Effects of long-term management

Our study of long-term management comprises sites treated with four distinctive
management regimes over a long period (i.e. at least five consecutive years). In order to
obtain an objective measure to make comparisons between the four managements in the mean

of species richness/number of orders supported by each management treatment, we
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constructed the rarefaction curves. Mowing always surpassed other treatments, while grazing

consistently supported the lowest numbers of species/taxa (Fig. 5).
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managed by specific management treatment for at least five consecutive years. 95% confidence intervals are

depicted for each rarefaction curve.

The role of linear landscape features

The final aim of our study was to reveal the impacts of linear landscape features,

classified as baulks and groves (see above), on the community structure of grassland
arthropods. Therefore, we first conducted GLM with numbers of representatives of all orders

as a response variable. The results showed significant effects on majority of investigated

groups, mainly positively associated with both groves and baulks (Table 3).
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Table 3: Individual effects of both types of linear landscape structures (groves, baulks) on particular taxa of
invertebrates associated with grasslands, predicted by GLM (with pooled numbers of individuals within taxa for
each trap as dependent variables and distance of each trap from both types of margins as explanatory variables).
Factors with significant impact on the taxa and their p-values are listed in bold.

Taxon Grove Baulk
Regression F P Regression F P
coefficient coefficient
B B’ B B’

Araneae 0.01 23.03  <0.001 0.02 -0.001  12.31  <0.001
Collembola 0.001 0.03 0.137 -0.01 2.17 0.14
Coleoptera 0.01 22.67 <0.001 -0.01 0.001  19.65 <0.001
Dermaptera 0.002 0.158 0.31 -0.003 0.59 0.44
Diptera -0.01 0.001 10.24  <0.001 0.004 -0.001 3.47 <0.05
Ephemeroptera -0.001 0.001 <0.01 0.001 1.17 0.28
Hemiptera 0.01 -0.001 3.84 <0.05 -0.001 16.14  <0.001
Hymenoptera -0.01 15.55 <0.001 0.001 0.89 0.35
Lepidoptera -0.01 4.76 <0.05 0.001 0.23 0.37
Mecoptera -0.001 0.54 0.46 -0.01 0.01 12.54  <0.001
Neuroptera -0.02 2.23 0.14 0.07 -0.001  2.84 0.05
Opilionida 0.01 -0.001 2.72 0.07 0.03 -0.001  36.63 <0.001
Orthoptera 0.02 -0.001 11.34 <0.001 -0.01 64.81 <0.001

Second, we concentrated on the effects of groves and baulks on particular species of
targeted groups. Whereas majority of butterfly species tended to be found close to both
typesof margins, numerous beetle species increased in numbers towards the centre of

meadows. The responses of bumblebee species were mixed (Figs 6a, b, c).
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(AglUrt), Aphantopus hyperantus (AphHyp), Araschnia levana (AralLev), Coenonympha glycerion (CoeGly),
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Hesperia comma (HesCom), Lasiommata maera (LasMae), Lycaena hippothoe (LycHip), Lycaena phlaeas
(LycPhl), Lycaena virgaureae (LycVir), Maniola jurtina (ManJur), Melanargia galathea (MelGal), Melitaea
athalia (MelAth), Pararge aegeria (ParAeg), Polyommatus amandus (PolAma), Thymelicus lineola (ThyLin),
Vanessa cardui (VanCar); (b) Bombus bohemicus (BomBoh), Bombus pascuorum (BomPas), Bombus terrestris
(BomTer), Bombus soroeensis (BomSor), Bombus sylvarum (BomSyl), Bombus rupestris (BomRup); (c)
Anoplotrupes  stercorosus (AnoSte), Anthaxia quadripunctata (AntQua), Anthaxia quercata (AntQue),
Antherophagus nigricornis (AntNig), Aphodius rufipes (AphRuf), Athous haemorrhoidalis (AthHae),
Brachypterus glaber (BraGla), Carabus granulatus (CarGra), Coccinella septempunctata (CocSep),
Cryptocephalus moraei (CryMor), Cryptocephalus sericeus (CrySer), Chrysanthia viridissima (ChrVir),
Chrysolina fastuosa (ChrFas), Dasytes obscurus (DasObs), Harpalus affinis (HarAff), Lamprohiza splendidula
(LamSpl), Nicrophorus interruptus (NicInt), Nicrophorus investigator (NicInv), Nicrophorus humator (NicHum),
Nicrophorus vespillo (NicVes), Nicrophorus vespilloides (NicVesp), Ontholestes murinus (OntMur),
Otiorhynchus ligustici (OtiLig), Oxythyrea funesta (OxyFun), Phyllopertha horticola (PhyHor), Rhagonycha
fulva (RhaFul), Rhagonycha lignosa (Rhalig), Silpha obscura (SilObs), Silpha tristis (SilTri), Thanatophilus
rugosus (ThaRug).

DISCUSSION AND CONCLUSIONS

Immediate effects of grassland management

Our results have shown that different taxa of grassland arthropods responded to
grassland management individually, yet we have found a general pattern (Fig. 2). Less
mobile groups, especially those unable to fly, such as Opilionida, Collembola and Araneae,
were negatively associated with mown areas (Fig. 2, Table 1). These groups might be strongly
affected by mowing through direct mortality of individuals (Humbert et al., 2010; 2012) and
habitat deterioration, both due to their limited dispersal abilities when compared to winged
groups. On the contrary, the abundance of some highly mobile groups (Coleoptera, Diptera,
and Lepidoptera) tended to increase in the samples from cut areas (Fig. 2, Table 1). This trend
was apparent also on the species-level analyses (Fig. 3, Table 2) as all taxa assessed belong to
primarily winged groups with only few exceptions within Coleoptera (e.g. some Carabidae
and Curculionidae). We suggest following potential explanations of the investigated trend:

First, the mowing immediately depletes the majority of food resources in cut plots
(Cizek et al., 2012). Simultaneously, representatives of the taxa that showed a positive
response to mowing belonged mainly to groups with high dispersal abilities. Depleted food
supply may drive the mobile species to seek intensively more suitable patches with plentiful
resources (Hossain et al., 2002). Due to the intensive movements across the area the
probability of “being caught” may therefore enhance. Second, the attractiveness of YPWT
probably increases after the removal of flowering plants (Wilson et al., 2008).

This explanation is supported also by results of functional traits analysis — we have
revealed significant increase in abundances of nectarophagous beetles towards the recently

mown, i.e. flowerless sites (Fig. 4b). On the contrary, total abundance of herbivorous beetles
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significantly decreased (Fig. 4b), which is the consequence of food resource loss. For
example, imagoes of abundant scarab beetle Phyllopertha horticola feed predominantly on
fully-grown vegetation or even shrubs and trees (Bogatko 1990), therefore the species has
shown significant negative response to mowing (Table 2).

The actual effect of mowing on species of target groups is individual and not unified.
Substantial part of analysed species responded positively to mowing (Table 2). This might be
either a methodical artefact as majority of species belong to good dispersers, or a consequence
of cautious, non-extensive mowing that could support spatial and temporal variability of the
area (Benton et al. 2003).

Unlike mowing, grazing did not have instantaneous effects on any arthropod taxa (Fig
2, Table 1). Concurring with Batary et al. (2007, 2008), we highlight the role of different
grazing pressure on composition of insect communities. Considering that grazing intensity in
our plots reached only 0.82 and 0.84 cattle/ha, we regard this low intensity grazing as an
explanation for the observed effects, reduced to non-significant trends (e.g. a negative
response of Araneae and Hymenoptera to grazing — see Table 1). Seemingly positive effect of
grazing on dung beetle Aphodius depressus (Fig. 3) reflects more likely the attraction of
species to fresh cattle faeces than the own influence of grazing (Hanski et al. 1987).

Long-term effects of management

We investigated four types of management (mowed plots, grazed plots, combination of
both or no management during the vegetation period until the end of September) using
rarefaction curves. These were constructed to reveal an association between each type of
regime and species richness/number of orders present on each particular site. Mowing
supported the highest species richness of all three targeted groups and also the maximum
number of orders. On the contrary, the lowest number of species was attributed to the plots
managed by single grazing regime followed by patches without any management during the
season. We stress that combined regime of mowing and grazing supported comparatively
higher number of species amongst taxa than grazing alone (Fig. 5). Our explanation for this
trend consists in the fact that grazing in our sites was of very low intensity (0.82 and 0.84
cattle/ha). Cattle did not graze sufficiently in the whole area, thus the numerous patches of
vegetation remained ungrazed. This may have resulted in slow shift of plant composition
(Matéjkova et al., 2003) towards lower numbers of competitive species, further influencing
invertebrate communities. Such a trend might not be seen earlier than after years of this
treatment implementation. In accordance with this interpretation are the results of rarefaction
for sites treated with both grazing and cutting in each season. This treatment has always
supported higher number of species and more orders than single grazing and, at the same
time, less species and orders has been found on these sites compared to mown ones (Fig. 3).

Under low grazing pressure, competitive plants (i.e. mainly grasses) which benefit from too
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low intensity of grazing are probably partly suppressed by mowing. This may ensure more
diversified vegetation and also more heterogeneous arthropod communities, than those found
on grazed sites.

Suitability of mowing from the long-term point of view can be interpreted as follows:
The most part of sampled individuals belonged to the species associated with treeless habitats.
These habitats are strongly dependent on disturbance of natural succession resulting in
formation of forest (Konvicka et al., 2008). It is observable that low intensity mowing, i.e.
once per annum, distinguished in time and space, represents a suitable type of management in
the long-term approach (Rundlof et al., 2008; Cizek et al.,, 2012). Although mowing
immediately decreases the abundance of insect individuals (Humbert et al., 2009; 2010) its
benefits consist in reliable suppression of both trees and competitive species of plants, often
dominant grasses (Gibson, 2009). This effect ensures a substantial diversity of plant species,
with flowering dicotyledons included, which together with diverse architecture of plants
(Strong et al., 1984; Haysome & Coulson, 1998; Espirito-Santo et al., 2007) probably support
the diversity of various guilds of insects (Hutchinson, 1959; Knop et al., 1999), the next
constituent of the food chain. In other words, grassland invertebrates must be adapted to
disturbances, which is consistent with the results of partial analysis of functional diversity
focused on habitat association of species. Mowing supported the single functional group —
open habitat species, although they reached maximal abundances after partial recovery of

swards (Fig. 4a).

Effect of linear landscape components

We examined the importance of two types of linear landscape components — grass
baulks and tree groves — for arthropod communities of submontane grasslands. Using GLM,
we have found the majority of higher taxa tended to occur in high numbers close to both types
of margins (Table 3), where the animals may take advantage of the specific microclimate and
sheltered environment (Maudsley, 2000; Merckx et al., 2009). In contrast, the abundance of
beetles and spiders significantly grew towards the centre of the meadows, i.e. with the
increasing distance from both types of margins (Table 3). This might be attributed to the
trends in the most abundant species belonging to the groups closely bound to open habitats
(e.g. beetles: Anthaxia spp., Eschcholtz, 1829; Rhagonycha spp., Eschcholtz, 1830; Oxythyrea
funesta — see Fig. 6¢ and spiders, for instance Xysticus spp., C. L. Koch, 1835; Pachygnatha
degeeri, Sundevall, 1830; Pardosa palustris (Linnaeus, 1758)).

Finally, GLM were used to reveal responses of individual species within lepidopterans,
bumblebees and beetles (Figs 6a, b and c¢). Lepidoptera were strongly and positively affected
by both grass baulks and groves on the species level. The majority of butterfly species was
nested closely along the linear components, including typical grassland dwellers, such as

ringlets Maniola jurtina and Aphantopus hyperanthus (cf. Kulfan et al., 2012), coppers
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Lycaena virgaureae and L. hippothoe or skipper Hesperia comma (Fig. 6a). Such a clear
response might be interpreted as a consequence of the environment; near the edges being
more sheltered with grown vegetation compared to the regularly disturbed area of meadows
(Merckx et al., 2009). Lepidopterans may use the margins as windbreaks, but also as a refuge
from predation (Merckx et al., 2010). Linear landscape features may also serve as corridors
for many species, including butterflies (Davies & Pullin, 2007) and, finally, the ecotonal
effect could play the role in place where multiple habitats meet (e.g. Downie et al. 1996,
Ewers & Didham 2006, Vu 2009).

In contrast, bumblebees were not influenced by the presence of groves (see Table 2).
This may be due to the fact that bumblebees are able to fly even in harsh conditions (Goulson,
2010), i.e. low temperatures, windy and even rainy weather, thus they do not need as much
shelter as butterflies require. Alternatively, this trend may reflect individual demands of each
species on nesting sites and flowers as nectar and pollen resources (Connop et al., 2010),
which might be the explanation for individual trends in abundance of particular species (Fig.
6b).

Conservation summary

Our study was performed in the submontane treeless area managed for at least five years
under Czech AES. The grasslands of the study site were treated with low intensity grazing
and cautious mowing. The farmer joined some above-standard measures integrated in the
Czech AES (i.e. gradual mowing of particular blocks and uncut strips left for the whole
vegetation season). Despite the purportedly benign agricultural management, we have found
significant impacts of mowing. On short time-scale, mowing negatively influenced, above all,
less mobile taxa, unable to fly. In contrast, long-term mowing performed once per year
supported the highest species richness within most of investigated taxa. Additionally, both
types of margins, i.e. grass baulks and tree groves, substantially affected the arthropod
community structure. The majority of investigated groups were positively associated with
these linear structures. Therefore, we suggest the following recommendations based on our
results and findings of other recent studies (e.g. Merckx et al., 2009; 2010; Fabriciusova et al.,
2011; Cizek et al., 2012; Humbert et al., 2012; etc.):

(i) As the mowing tested in the interaction with time was the important predictor for
grassland invertebrates in a short-time span, we emphasize the key role of appropriate timing
for this treatment. The maximum abundances of invertebrates were detected in July
(Mazalova, personal observation), this therefore seems to be the worst time for mowing.
Nevertheless, we sampled almost entirely adults. It means that immobile larval stages (usually
more sensitive to disturbances caused by mowing and/or grazing) reach their maxima earlier

in the season. Thus we recommend postponement of the mowing to the second half of July.
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Moreover, the mowing period should be split into no less than two gradual stages to ensure at
least part of the swards being undisturbed at the moment;

(i1) Additionally, uncut strips left until the beginning of the next vegetation season may
help to mitigate negative effects of mowing;

(i11)) These strips might support the main part of grassland arthropods, especially if
located along the permanent landscape features as grass baulks and forest groves. There may
be also general positive effects of all borders due to heterogeneity increase (Hansen & Castri,
1992);

(iv) The establishment of linear landscape structures as groves (tree strips) and baulks
(fallow, grassy strips) can substantially increase the biological value of agroecosystems (e.g.
Balmer & Erhardt 2000, Baur et al. 2006, Kulfan et al. 2012), primarily in the conditions of

Central European farmland, recently affected by agricultural intensification.
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APPENDIX

Table 4: Functional characteristics of beetle species and their abundances in samples from each level of mowing

effect

Taxon

Anthicidae

Notoxus monoceros
Brentidae

Apion frumentarium
Ischnopterapion virens
Buprestidae

Anthaxia helvetica
Anthaxia quadripunctata
Cantharidae

Cantharis fusca
Cantharis nigricans
Rhagonycha fulva
Rhagonycha gallica
Rhagonycha lignosa
Carabidae

Amara aenea

Amara aulica

Amara nitida

Carabus granulatus
Carabus scheidleri
Carabus violaceus
Dromius agilis
Harpalus affinis
Ophonus rufibarbis
Poecillus cupreus
Pseudoofonus rufipes
Pterostichus melanarius

Pterostichus niger

Pterostichus oblongopunctatus

Cerambycidae
Agapanthia intermedia
Alosterna tabacicolor
Aromia moschata
Evodinus clathratus

Leptura maculicornis
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Taxon Habitat®  Trophic’ Dispersal® Mowing® Total®
group abd
Pseudovadonia livida M N 2 0 0 0 2 2
Stictoleptura rubra M N 2 0 0 1 1 2
Chrysomelidae
Chrysolina fastuosa G H 2 0 0 0 2 2
Chrysolina oricalcia G H 2 0 0 0 1 1
Chrysolina staphylea o H 2 0 0 0 1 1
Cryptocephalus moraei M H 2 12 17 2 112 143
Cryptocephalus sericeus (0] H 2 18 17 57 206 298
Galeruca tanaceti o H 1 0 0 2 6 8
Galerucella tenella (0] H 2 0 1 0 1 2
Plateumaris consimilis (0] H 2 0 0 0 3 3
Coccinellidae
Adalia bipunctata M C 2 1 0 0 0 1
Anatis ocellata F C 2 1 0 0 0 1
Chilocorus renipustulatus F C 2 0 0 0 1 1
Coccinella septempunctata o C 2 3 9 6 46 64
Harmonia axyridis G C 2 0 4 0 1 5
Hippodamia variegata o C 2 0 0 0 1 1
Propylea quatordecimpunctata G C 2 2 1 1 2 6
Psyllobora vigintiduopunctata G J 2 0 0 0 1 1
Cryptophagidae
Antherophagus nigricornis M O 2 1 0 2 2 5
Curculionidae
Anthonomus rubi G H 2 0 0 0 1 1
Cionus tuberculosus G H 2 0 0 0 1 1
Hypera plantaginis (0] H 2 0 0 0 1 1
Otiorhynchus ligustici (0] H 1 0 1 0 1 2
Sitona lineatus G H 1 0 0 0 1 1
Sitona sulcifrons G H 1 0 0 0 1 1
Trachyphloeus bifoveolatus G H 1 0 0 0 1 1
Elateridae
Agriotes obscurus (0] H 2 0 0 0 10 10
Agriotes ustulatus (0] H 2 0 0 0 2 2
Agrypnus murinus (0] H 2 0 1 1 9 11
Athous haemorrhoidalis G H 2 0 0 0 3 3
Ctenicera pectinicornis (0] H 2 0 0 0 2 2
Selatosomus aeneus F H 2 0 0 0 3 3
Geotrupidae
Anoplotrupes stercorosus F S 2 0 0 1 27 28
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Taxon Habitat®  Trophic’ Dispersal® Mowing® Total®
group abd
Odonteus armiger (0] J 1 0 0 0 1 1
Trypocopris vernalis G S 2 1 0 1 2 4
Histeridae
Margarinotus striola G D 2 0 0 0 1 1
Hydrophilidae
Anacaena globulus G C 2 0 0 0 1 1
Kateretidae
Brachypterus glaber G N 2 0 2 0 0 2
Lampyridae
Lamprohiza splendidula G - 1 0 4 0 5 9
Leiodidae
Anisotoma humeralis F J 2 0 0 0 1 1
Melyridae
Dasytes obscurus G N 2 0 0 1 3 4
Oedemeridae
Chrysanthia viridissima M N 2 0 0 0 2 2
Oedemera virescens (0] N 2 1 1 0 12 14
Scarabacidae
Aphodius rufipes o S 2 0 0 0 2 2
Oxythyrea funesta o N 2 2 10 17 56 85
Phyllopertha horticola G H 2 2 0 0 139 141
Serica brunnea o H 2 0 2 0 8 10
Trichius fasciatus M N 2 0 0 0 1 1
Silphidae
Nicrophorus humator F D 2 0 0 0 2 2
Nicrophorus interruptus (0] D 2 0 0 1 5 6
Nicrophorus investigator G D 2 0 0 0 3 3
Nicrophorus vespillo o D 2 12 2 11 130 155
Nicrophorus vespilloides F D 2 0 3 5 54 62
Oiceptoma thoracicum F D 2 1 0 1 5 7
Phosphuga atrata G C 1 3 0 0 17 20
Silpha carinata F C 1 1 5 3 105 114
Silpha obscura G C 1 0 10 1 40 51
Silpha tristis G C 1 0 6 29 10 45
Thanatophilus sinuatus o D 2 4 3 3 44 54
Thanatophilus rugosus o D 2 0 2 0 1 3
Staphylinidae
Ontholestes murinus o C 2 0 2 0 1 3
Ontholestes tesselatus G C 2 0 0 0 1 1
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Taxon Habitat®  Trophic’ Dispersal® Mowing® Total®

group abd
Oxyporus rufus G C 2 0 0 0 1 1
Philonthus marginatus (0] C 2 0 0 0 1 1

*Forest species are abbreviated as (F), open habitat species as (O), species with preference of transitional stages,
mosaic of open habitats, shrubs and trees as (M), habitat generalists as (G). ® Herbivorous species are abbreviated
as (H), pollen and nectar feeders as (N), carnivores as (C), saprophagous species as (S), necrophagous as (D),
fungivorous as (J) and omnivorous as (O). ¢ Local, sedentary species including brachypterous beetles were
categorized as low mobile (1), vagile species with good dispersal abilities as (2). ¢ The effect of mowing is coded
on following scale: 1, 0.5, 0.25, 0 (for more details see part Data arrangement). © Total abundance.
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Abstrakt

Biodiverzita jako variabilita zivota poskytuje lidské spolecnosti fadu nezbytnych zdroja,
ekosystémovych sluzeb a predstavuje také vyznamnou kulturni hodnotu. Na druhé strané vSak
dochazi soucasné k jejimu ochuzovani v souvislosti s rozvojem lidské spole¢nosti. Z pohledu
ochrany pfirody se proto horské ekosystémy fadi mezi jedno znejcenngjSich a
nejohrozenéjsich prosttedi v globalnim méfitku.

V ramci predlozené doktorské prace byly studovany vybrané potencialné vyznamné
antropické vlivy na biodiverzitu horskych bezlesi Hrubého Jeseniku prostiednictvim
modelové bioindika¢ni skupiny broukt (Coleoptera). V prostoru primarniho bezlesi arkto-
alpinni tundry byl studovan vliv sjezdovych trati a invazivni dfeviny borovice klece (Pinus
mugo) na spolecenstva broukti. Na uizemi sekundarnich bezlesi podhorskych luk a pastvin byl
hodnocen vliv zemé&délského hospodareni na brouky a dalsi bezobratlé.

Studium vlivu lyzatského arealu prokézalo, ze pfestoze jsou sjezdové traté v alpinské
zon¢ zajmového Uzemi provozovany zpusobem Setrnym k vegetaci, tak prikazné meéni
ptivodni spolecenstva epigeickych broukt. V mistech sjezdovych trati dochéazi k poklesu
pocetnosti 1 zméné funkéni diverzity modelové skupiny. Sjezdové traté se vyznacuji poklesy
indext funkéni rozriznénosti, coz je zplisobeno ubytkem specializovanych druhti ptivodni
arkto-alpinni tundry. Spolecenstva broukt dosahuji v prostoru sjezdovych trati vyssich hodnot
funk¢ni bohatosti diky tomu, Ze jsou obohacena eurytopnimi druhy a zastupci pavodnich
biotopl zde ptezivaji, ale pouze ve zmensené mife. Potencialni rozvoj lyzatskych areall proto
pfinasi riziko pro biodiverzitu alpinské zony Hrubého Jeseniku a je tedy z pohledu zachovani
unikatni bioty zemi neZadouci.

Druhym regionaln¢ velmi vyznamnym jevem pusobicim v alpinské zoné¢ Hrubého
Jeseniku je invaze nepiivodni borovice klece (Pinus mugo), kterd méni spolecenstva
stievlikovitych broukil (Carabidae), a to tak, Ze s rostoucim zapojem a vékem porostli dochéazi
k ochuzovani ptivodnich spole¢enstev. Tento jev je patrny na poklesech parametrti funkéni
diverzity i pocetnosti vétSiny druhti (zejména pak reliktnich zastupcti vazanych na bezlesi).
Ve starych a zapojenych porostech borovice kleCe klesaji indexy funkcni bohatosti i
rozriznénosti potravnich vazeb, coz je dano tubytkem herbivornich a potravné
specializovanych karnivornich stfevlikovitych. Podobné se méni i parametry funkéni diverzity
biotopovych vazeb, kdy spolecenstva stievlikovitych jsou funkéné nejbohatsi v plochach
mimo kle¢ - pfesnéji feCeno se stfednim zdpojem dfeviny, kde mohou docasné zit druhy

ruznych naroki, dokud vsak kle¢ plochy zcela nezaroste. Expandujici porosty neplivodni



borovice klece proto zdsadnim zplisobem ohrozuji spolecenstva arkto-alpinni tundry Hrubého
Jeseniku. Pro ochranu biodiverzity alpinského bezlesi je potieba tento negativni vliv borovice
klece prioritné fesit redukci porosti.

Biodiverzita broukti sekundarnich bezlesi podhorskych luk a pastvin v Hrubém Jeseniku
je formovana zemédé€lskym hospodafenim. Studie zaméfena na vliv riznych zplsobi
zem&délského hospodateni prokdzala, Zze pfestoze okamzity efekt seCe na bezobratlé je
negativni, tak v dlouhodobém c¢asovém intervalu podporuje druhovou diverzitu. Spolecenstva
lu¢nich bezobratlych vcéetné broukli jsou pozitivné ovlivnéna pruhy stromii a nesecené
vegetace, které poskytuji utocist€¢ v dob€, kdy v okoli probiha sec. Z hlediska podpory
biodiverzity sekundarnich bezlesi Hrubého Jeseniku je proto zaddouci, aby byly v zeméd¢€lsky
obhospodatované krajiné zavedeny formy ekologicky Setrného managementu, ktery zahrnuje:

prostorové a ¢asove diferencované sece a existenci pruhli stromil a nesecené vegetace.

Kli¢ova slova: arkto-alpinni tundra, bioindikace, funkéni diverzita, invazivni rostlina,

sjezdova trat, zemédélstvi.



Abstract

Biodiversity, as the variability of life, provides plenty of necessary resources and
ecosystem services to the human society, representing also an important cultural value. At the
same time, biodiversity is substantially depleted together with the human society’s
development. Mountain ecosystems belong to the most valuable and, simultaneously, most
threatened environments worldwide.

Therefore, I focused on anthropogenic activities with a potential effect on the
biodiversity of the Hruby Jesenik treeless zone, using beetles (Coleoptera) as a model group
of bioindicators. More specifically, the effect of ski-slopes and the influence of allochthonous
dwarf pine (Pinus mugo) expansion on the beetle communities were studied within the
treeless areas of arcto-alpine tundra. In contrast, the impact of various types of agricultural
management on beetle and other invertebrate communities was investigated on a secondary
treeless habitats — the submontane meadows and pastures.

The research revealed a significant effect of the ski-slopes on indigenous epigeic beetle
communities, even though the ski-slopes are managed relatively carefully to the vegetation.
Not only the abundance of the majority of beetle species decreased, but also the functional
diversity of the beetle community significantly changed on the ski-slopes. More concretely,
the functional divergence declined, while functional richness increased significantly on the
ski-slopes. The first trend might reflect the disappearance of some ecologically distinctive,
specialized tundra species of the ski-slopes. On the other hand, higher functional richness of
the ski-slope communities probably consists in fact, that some tundra species still survive on
those ski-slopes, albeit with lower abundances, while there are also eurytopic newcomers.
Potential development of ski-resort in the topmost part of Hruby Jesenik brings a risk to the
valuable alpine biodiversity and should be prevented.

In the second part of my thesis I concerned the effect of an invasive plant (dwarf pine)
on the carabid beetles (Carabidae). The model group responded strongly to the dwarf pine.
Not only the majority of species (with the relic inhabitants of the treeless zone included)
shown abundance decline with an increasing age and coverage of the dwarf pine stands, but
also the functional diversity parameters significantly changed alongside. Both functional
richness and divergence of trophic interactions significantly decreased in the old dwarf pine
stands with high coverage, apparently as the result of food-specialized and herbivorous
species decline.

Similar trend was found also in functional diversity of habitat association. The
functional richness of carabids increased with the distance from the edge of dense dwarf pine
stands, reaching its maximum in plots with moderate dwarf pine coverage. Anyway, these
mosaic sites represent just temporary habitats for various ecological groups of carabids. Being
left to spontaneous succession, the dwarf pine does completely overgrown those areas in the
end. Expanding stands of allochthonous dwarf pine therefore represent a serious threat to the
biodiversity of indigenous arcto-alpine tundra communities of the Hruby Jesenik and should
be reduced.

Unlike the primaryly treeless areas, the biodiversity of secondary open habitats
(submontane meadows and pastures) is formed by an agricultural management. My study
focused on the effect of various management treatments and the role of linear landscape



components on the invertebrate communities. I have confirmed a negative immediate
influence of mowing on arthropod abundances. In contrast, the positive role of mowing in
maintaining of the beetle and other taxa richness became apparent only in long-term study.
Finally, the distribution of the majority of arthropods was influenced by the position of
permanent grassy baulks and tree groves. The role of both types of landscape components
probably increase especially if the surrounding areas are mowed. For the successful support of
biodiversity associated with the secondary open habitats, following management measures
should be incorporated: postponement of the mowing and splitting the mowing period into
two or more gradual stages; establishment of uncut strips.

Keywords: agriculture, arcto-alpine tundra, bioindication, functional diversity, invasive plant,
ski-slope.
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1. UVOD

Biodiverzita je variabilita Zivota na kazdém stupni hierarchického zebiicku v prostorové
Skale biologické organizace (Wilson 1988), pficemz jeji vysoka mira riiznorodosti a bohatosti
je jednim z nejvice fascinujicich jevil pfirody (Gaston 2000, Maclaurin et Sterelny 2008).
Biodiverzita zaroven poskytuje lidské spolecnosti fadu nezbytnych zdroju a ekosystémovych
sluzeb (Costanza et al. 1997, De Groot et al. 2010). V neposledni tadé je biodiverzita
hodnotou samou o sobé a je tudiZ zalezitosti spolecenské kultury ptirodni rozmanitost chranit
jakozto kulturni dédictvi.

S rozvojem lidské spolecnosti vSak dochazi ke zménam prostfedi a tim 1 vymirani
organismil, tj. ochuzovéni biodiverzity (Wilson 1989, Rands et al. 2010). Takto pozménéné
ekosystémy nasledné Casto vyzaduji zna¢né vklady zdroja (financi) tak, aby byly zachovany
jejich pozadované funkce (Balmford et al. 2002, Rands et al. 2010). Negativni dusledky
antropogennich Cinnosti proto vyustily v nutnost monitorovat zmény prostiedi a biodiverzity
(Kremen et al. 1994, TEEB 2010). Jednim z nastroj pro sledovani environmentalnich zmén
je bioindikace za pomoci bezobratlych (McGeoch 1998, Gerlach et al. 2013), pficemz brouci
(Coleoptera) ptedstavuji vhodnou a Casto pouzivanou bioindikacni skupinu (Vessby et al.
2002, Rainio et Niemeld 2003). Vyznamnou piednosti broukt pii sledovani zmén prostiedi je
rychld odezva taxonu ve funkénich zménach biodiverzity, kdy naptiklad na Grovni vegetace
jsou tytéz jevy detekovatelné se zpozdénim (Samways 2005).

Vys§i miru biodiverzity a endemismu vykazuji brouci v horskych ekosystémech, které
patii z pohledu distribuce a vyvoje biodiverzity mezi st€Zejni centra biodiverzity na zemi
(Nagy et Grabherr 2009). Fragmentovany charakter hor s ploSkami alpinského bezlesi
1zolovanymi lesem umoznil dlouhotrvajici izolaci a evoluci jedine¢nych spolecenstev s fadou
endemickych taxonli (Chapin et Kérner 1994). Horska bezlesi stfedni Evropy jsou ptikladem
takovych Uzemi s prekvapivé vysokou biodiverzitou (viz Alpy a Karpaty). Hercynska
soustava s pohoiim Vysokych Sudet (Hruby Jesenik, Kralicky Snéznik a KrkonoSe) nema
aktualné v takové mife vyvinutd alpinska bezlesi, pfesto se zde dochovala jedine¢na horska a
severska fauna a flora se zastoupenim endemickych taxont. V piipad¢ fauny hmyzu unikétni
statut pohoti Hrubého Jeseniku dokumentuji napt. Stary (1973), Holusa (1997), Stanovsky et
Pulpén (2006), Kuras et al. (2009), (Prispévek I, II). Nezaménitelna biota Hrubého Jeseniku
je dana: a) pozici pohoti v ramci Evropy, kdy Vysoké Sudety lze chapat jako kiizovatku
horskych (alpskych a karpatskych) a severskych druht, které opakované pohoti kolonizovaly
v pribéhu stiidani glacidli a interglacidlti; b) postglacidlni izolaci alpinskych bezlesi
(vznikem endemickych taxontll); c) specifickou geologicko-geomorfologickou stavbou
(anemo-orografickymi systémy karl) a konecné d) dlouhodobou absenci borovice klece
(Pinus mugo) v alpinské zoné, kterd je spojovana s vysokou biodiverzitou tohoto pohoti na
ptikladu motylt (Bila et al. 2013).

Stejné jako v jinych horskych regionech v Evropé je biodiverzita Hrubého Jeseniku
ohrozovana zejména globdlnimi zménami klimatu (Grabherr et al. 1994), rozvojem
turistickych aktivit (Ries 1996, Roux-Fouillet et al. 2011), invazi neptvodnich druht
(Anthelme et al. 2001) a intenzifikaci zemédélského (Benton et al. 2003, Stoate et al. 2009) a
lesniho hospodareni (Miiller et al. 2008, Nieto et al. 2010, Prispévek III). Mezi biologicky
nejcennéjsi oblasti s vysokym zastoupenim ohroZzenych druhi v Hrubém Jeseniku nalezi
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primarni bezlesi alpinské zoény (Kuras et al. 2009, Prispévek II) a sekundarni bezlesi
podhorskych luk a pastvin (Kaséak et al. 2011, Bures§ 2013).

Ochuzeni biodiverzity otevienych stanovist’ je celoevropskym trendem a zjevné souvisi
jak s tzv. odchodem clovéka z krajiny, v souvislosti s rozvojem pramyslu, tak i s nartstajici
intenzifikaci a homogenizaci hospodafstvi dosud obhospodafovanych ploch (Benes et al.
2002, Skalos 2006, Stoate et al. 2009). Ohrozeni bioty alpinské zéony Hrubého Jeseniku
vyplyva zejména z jejiho plosné zna¢né limitovaného rozsahu (Treml et Banas 2008), vyrazné
fragmentace a vzajemné izolace alpinskych ostrovii (Bila et al. 2013). Rozsah aktualniho
ohroZeni biodiverzity alpinské zony Hrubého Jeseniku dale umociiuji antropické vlivy, mezi
které patfi rozvoj turistického ruchu (lyzafskych aredlu) a recentné predevSim Sifeni
nepuvodni borovice klec¢e (Banas et al. 2010, Zeidler et al. 2012). Podhorské louky a pastviny
tvoii druhy typ ohroZeného bezlesi v zajmovém pohofi. Biodiverzita téchto sekundarnich
otevienych stanoviSt’ je postizena jak zménou a intenzifikaci zeméd¢lstvi, tak i ukoncenim
hospodateni. Pravé proto je dnes ochrana ptirody v regionu soustiedéna na ochranu bezlesi —
primarnich (alpinskych) 1 sekundarnich (podhorské louky a pastviny) (CHKOJ 2012).
V ramci predlozené disertacni praci byl studovan vliv vybranych, potenciadlné vyznamnych
antropogennich aktivit v bezlesich Hrubého Jeseniku pomoci modelové a indikacné
vyznamné skupiny broukd.

2. CILE PRACE

Z vyse uvedeného rozboru vyplyva zasadni vyznam bezlesi pro uchovani biodiverzity
Hrubého Jeseniku. Provedené studie v uzemi naznacuji Ubytek biodiverzity, a proto byly
stanoveny nasledujici tematické okruhy, které se snazi fesit predloZzena disertacni prace:

a) Primarni arkto-alpinni bezlesi Hrubého Jeseniku piedstavuje biologicky jedine¢né a
mimofadné cenné uzemi, které je vSak v soucasnosti ohrozovana sjezdovym aredlem a
invazi neptivodni borovice klece. Prvni cil disertacni prace proto predstavuje: Urceni
potencidlné vyznamnych antropickych vlivi na biodiverzitu brouki primarniho
bezlesi Hrubého Jeseniku.

b) Sekundarni bezlesi Hrubého Jeseniku také predstavuje jedno z mist s bohatou a ohroZenou
biodiverzitou. Podhorské louky a pastviny jsou pod vlivem zemédélského hospodareni.
Druhy tematicky okruh je proto zaméfen na: Urceni potencialné vyznamnych
antropickych vlivii na biodiverzitu broukii sekundarniho bezlesi Hrubého Jeseniku.

c¢) Treti cil vychazi ze zavéri dil¢ich studii disertace a predstavuje: Navrh opatieni pro
ochranu biodiverzity bezlesi Hrubého Jeseniku.

3. METODIKA

Vybrané potencidln¢ vyznamné antropické vlivy na biodiverzitu bezlesi Hrubého
Jeseniku byly studovany pomoci modelové bioindika¢né vyznamné skupiné broukt. V ramci
primarniho bezlesi byl studovéan vliv lyzaifského aredlu (sjezdové trati) a invazivni rostliny
(borovice kle¢) na epigeické brouky pomoci padacich zemnich pasti (Spence et Niemeld
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1994). Na uzemi sekundérnich bezlesi horskych luk a pastvin byl hodnocen vliv riznych typt
hospodareni trvalych travnich porostli na brouky pomoci Moerickeho misek (Moericke 1951).
Vyzkum byl zaloZen na vlastnim terénnim sbéru dat a dale byl doplnén o reSersi literarnich
zdroj.

Vramci nasbiraného materidlu bylo pracovdno v dil¢ich studiich s vybranymi
indika¢nimi skupinami broukd, které byly vymezeny ekologicky a taxonomicky (v detailu
prispévky 1V, V, VI). Material byl ur¢en do druht, kterym byly nasledné pfifazeny jejich
charakteristiky (schopnost disperze, biotopové a trofické vazby, ekologickd valence atd.),
diky ¢emuz bylo moZné hodnotit studované antropické vlivy v bezlesich Hrubého Jeseniku na
brouky na urovni: a) spolecenstev, b) ekologickych gild, ¢) druhii a d) funkcni diverzity
(funk¢ni bohatost, rozriiznénost a vyrovnanost) dle pojeti Masona et al. (2005).

Charakteristika studovanych lokalit

Vyzkum probihal v primarnich a sekundarnich bezlesich Hrubém Jeseniku. Primarni
bezlesi Hrubého Jeseniku se nachazi mezi 1350 az 1492 m n. m. (nejvyssi vrchol pohofi,
Prad&d), zaujima rozlohu 11 km” a je rozdéleno na 7 izolovanych ostrovi arkto-alpinni tundry
(Treml et Banas 2008, Bila et al. 2013). Plisobi zde dva plosn¢€ vyznamné antropické vlivy tj.
rozvoj zimnich rekreac¢nich sporti v Cele se sjezdovym lyzovadnim a expanze neptivodni
borovice klece (Banas et al. 2010, Zeidler et al. 2012).

Lyzatsky areal Ovc¢arna byl zalozen okolo roku 1950 (Schmidtova et al. 2009) a tvofi
jej 7 sjezdovych trati, které jsou z dlivodu ochrany piirody provozovany pouze za stavu, kdy
je minimalni vrstva sné¢hu 80 cm a tak nedochazi k pfimému naruSovani vegetacniho krytu
(Banas et al. 2010). Vliv sjezdovych trati byl studovan na svahu pod Petrovymi kameny (1446
m n.m.).

Druhy plo$né vyznamny antropogenni vliv predstavuje Sifeni porostii borovice klece,
ktera je v Hrubém Jeseniku neptivodni (Rybnicek et Rybnickova 2004, Hamernik et Musil
2007). Ptesto byla ve vrcholovych partiich pohoti od roku 1860 vysazovéana (Jenik et Hampel
1992). V soudasnosti nepiivodni kleGové porosty zaujimaji 2 km” z rozlohy bezlesi a §ifi se
rychlosti 2 % rocné (Treml et Banas 2008, Treml et al. 2010). Vliv borovice kle¢e na
spolecenstva epigeickych broukii byl studovan na tfech lokalitich — Keprnik (1423 m
n.m.), kar Malého kotle (okolo 1300 m n.m.) a Petrovy kameny.

Sekundarni bezlesi zaujima v Hrubém Jeseniku okolo 90 km®. Vétsina podhorskych a
horskych trvalych travnich porosti je obhospodafovana na bazi ekologického zeméd¢lstvi
(CHKOJ 2012). Antropické vlivy v druhotném bezlesi byly studovany v okoli Novych Losin
(700-800 m n.m.). Studijni lokalitu tvoti 180 ha pastvin a luk s riznym rezimem pastvy a
sece, které jsou oddélené lesiky, mezemi a pruhy stromi a neseené vegetace. Cely komplex
bezlesi je provozovan vrezimu agro-environmentalnich dotaci, stejné¢ jako vétSina
zemédelského hospodareni v oblasti (CHKOJ 2012).

4. SHRNUTI VYSLEDKU A DISKUSE

Dosazené vysledky lze rozdélit dle tematickych okruhti na: antropické vlivy na
biodiverzitu broukii a) primarnich a b) sekundarnich bezlesi a ¢) ochranu biodiverzity obou
typtl bezlesi ve vztahu k studovanym antropickym faktoram.
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4.1. Antropické vlivy na biodiverzitu brouku primarniho bezlesi Hrubého Jeseniku

Sjezdové lyzovani a invaze neptvodnich rostlin patii mezi rizikové vlivy pro horské
ekosystémy (Nagy et Grabherr 2009). Nize uvedené stat¢ se proto vénuji uvedenym
antropickym vliviim na funkéni diverzitu a spolecenstva broukt arkto-alpinni tundry Hrubého
Jeseniku.

Vliv sjezdovych trati na biodiverzitu brouki

Ptestoze management provozu sjezdovych trati je poméerné Setrny k prostiedi (Banas et
al. 2010), byly zjistény priikazné zmény ve sloZeni spoleCenstev epigeickych broukd. Brouci
byli pfitom nejvice ovlivnéni v mistech s déle setrvavajici snéhovou pokryvkou. Zde dochazi
k prikaznému poklesu abundanci vétSiny druhtt (Prispévek IV). Sjezdovky preferuji
herbivori vazanych na nitrofilni vegetaci (Gastrophysa viridula). Obecné sjezdové traté
podporuji vyskyt druhli otevienych stanovist a generalisty (Strong et al. 2002, Negro et al.
2010, Prispévek IV). Uvedené vysledky jsou v souladu se zjisténymi zménami funkéni
diverzity. Spolecenstva epigeickych broukti dosahuji vyssich hodnot funkéni bohatosti prave
na sjezdovkach, protoze traté jsou obohaceny eurytopnimi druhy, ale zaroven zde dosud
zUstavaji 1 zéstupci pivodni arkto-alpinni tundry, byt v nizSich abundancich. Naopak vyssi
funkéni rozriiznénost v prostredi ptivodnich biotopil vypovida o vétsi diferenciaci nik vedouct
k niz8i kompetici o zdroje mezi siln¢ specializovanymi druhy arkto-alpinni tundry (PFispévek
IV, cf. Negro et al. 2009, 2010).

Zjisténé zmeény spolecenstev epigeickych broukl lze vysvétlit jako diasledek zhutnéni
sn¢hu a zmény jeho teplotni vodivosti (Ries 1996). Snéhova pokryvka zlstavd na
sjezdovkach déle oproti okoli. Snih je zhutnény pojezdy lyzait a rolby, ¢imz ztraci své
izola¢ni vlastnosti (Rixen et al. 2004). SniZena izola¢ni schopnost vede k intenzivnéjSimu
povrchovému promrzani piidy a delsi setrvani sn€hu zkracuje vegetacni sezénu (Ries 1996,
Banas et al. 2010). Ztrata izolacnich vlastnosti snéhové pokryvky a zkraceni vegetacni sezony
v misté sjezdovych trati jsou velmi vyznamné vlivy prostiedi, jez formuji epigeickou faunu
bezobratlych alpinské zony (Kessler et al. 2012).

Vliv borovice kle¢e na biodiverzitu brouki

Druhy, regiondlné¢ velmi vyznamny bioticky faktor ohrozujici biodiverzitu arkto-
alpinskych bezlesi Hrubého Jeseniku je Sifeni neptivodnich vysadeb borovice klece. Kle¢ byla
v alpinské zoné pohofi vysazovana od poloviny 19. stoleti (Jenik et Hampel 1992). Aktuélné
zpusobem meéni strukturu pivodnich spolecenstev stfevlikovitych (Prispévek V) podobné
jako invazivni rostliny v jinych regionech (Topp et al. 2008, Schirmel et al. 2011, Brigi¢ et al.
2014). V ptipadé¢ vétSiny druhlt byl zaznamenan prikazny pokles abundanci stfevlikil
s rostoucim vékem a mirou zapoje kleCového porostu. Naopak s rostouci vzdalenosti od
borovice klece dochéazelo k naristu jejich pocetnosti. Na plochach porostlych klec¢i byl tibytek
nejvice patrny v ptipadé druhii otevienych stanovist (Amara spp.), indikujicich ptivodni
tundru (Amara erratica a Carabus sylvestris), potravné specializovanych karnivort (Cychrus
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caraboides) a herbivornich stfevliki obecné (Amara spp.). Naopak afinitu ke kleCovym
porostim vykazuji lesni druhy a biotopovi generalisté (PFispévek V).

V porostech kle¢e dochédzi k poklesim parametrti funkéni diverzity stfevlikovitych.
Konkrétné s rostoucim stafim klece klesd funkéni bohatost potravnich vazeb a soucasné se
s vy$§im zapojem kleCe snizuje potravni funkéni rozriiznénost spolecenstev. Tato zjiSténi
podporuji 1 vysledky analyz ekologickych gild, kdy vkle¢i ptevazuji potravné
nespecializované druhy a je zde zastoupeno uzsi spektrum potravnich strategii, diky tbytku
herbivornich a specializovanych karnivornich stfevlikovitych (Prispévek V). Uvedené
vysledky koresponduji se zaveéry ostatnich autorti, zabyvajicich se odezvou zivocCichu
navazujicich Grovni potravniho fetézce na invazi neplivodni rostliny. Na plochach postizenych
invazivnimi rostlinami tak pfevazuji euryekni druhy (Brigi¢ et al. 2014) a abundance a
druhové zastoupeni urcitych ekologickych skupin klesaji (Topp et al. 2008, Schirmel et al.
2011).

S rostoucim zapojem a v€kem klece se méni 1 indexy funkéni diverzity vztazené ke
stanoviStni vazb¢ druhi. Funk¢né nejbohatsi jsou spolecenstva stievlikovitych na plochach se
sttednim zapojem klece a pii jejim okraji (PFispévek V), tj. v tundrovych plochach nové
invadovanych nebo s nizkou pokryvnosti invazivni rostliny (Brigi¢ et al. 2014). Tento stav je
ale Casové promeénlivy, piesnéji feceno docasny, nez dojde k uplnému zarosteni ptivodniho
biotopu kleci a nasledné tedy k uniformizaci prostiedi, coz se odrazi i na poklesech hodnot
indexti funk¢ni diverzity pfi maximalnim zapoji klece, jak uvadi Prispévek V.

Ochuzovani spolecenstev stfevlikovitych v porostech klece lze vysvétlit celkovou
zménou prostiedi, tj. zejména zménou mikroklimatickych podminek a sniZenim potravni
nabidky, stejné jak uvadi jini autofi v tematicky podobné zamétenych studiich (cf. de Groot et
al. 2007, Finch et Szumelda 2007, Topp et al. 2008, Schirmel et al. 2011).

4.2. Antropické vlivy na biodiverzitu broukiu sekundarniho bezlesi Hrubého Jeseniku

Zemé&délské hospodateni na podhorskych loukach a pastvinach ovliviluje bezobratlé
(Rundlof et al. 2008, Cizek et al. 2012, P¥ispévek VI), piicemz vliv jednotlivych typi
managementu na spolecenstva broukl je rizny (Batary et al. 2007, Prispévek VI). V ramci
predlozené studie z Hrubého Jeseniku byl zjiStén vyznamny okamzity vliv sefe na
spoleCenstva broukt, nicméné odpovéd’ taxonu neni jednotna a reakce se mezi jednotlivymi
ekologickymi skupinami i druhy 1isi.

Celkové pocetnosti broukti okamzité po se¢i prekvapiveé rostou (Prispévek VI). Tento
jev mize byt dan vySsi mobilitou taxonu (vétSina zastupctl 1€td) a intenzivnéjSim pohybem
jedinct pfi hleddnim ztracenych potravnich zdroji na posecené ploSe, coz mlze zvySovat
pravdépodobnost jejich odchytu (Hossain et al. 2002). Lze konstatovat, Ze se¢ podporuje
druhy otevienych stanovist. Nejvyssi druhové bohatosti dosahuji luéni druhy broukl se
zpozdénim po seci v dob¢, kdy je na ploSe jiz pfitomna vyssi vegetace (Prispévek VI).
Bezprostiedni pokles pocetnosti broukdi po provedené seci je patrny ve skupiné herbivora.
Snizeni pocetnosti souvisi patrné se zménou potravni nabidky a zménou prostiedi, které
herbivofi osidluji (tj. vzrostla vegetace) (Cizek et al. 2012). Zvysené podetnosti po provedené
seCi vykazovali néktefi nektarofagové (napt. Anthaxia qudripunctata). To muze byt dano
zvySenou atraktivitou Zlutych misek na posecenych loukich a soucasné snizenou potravni
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nabidkou pro nektarofagni hmyz (Wilson et al. 2008). Okamzity vliv pastvy na abundance a
druhovou diverzitu broukli nebyl prokazan, jisty vliv byl shleddn pouze v piipade
koprofagnich druhii, napt. Aphodius depressus (Prispévek VI). Koprofagové nachdzeji na
pastvinach dostatecné mnozstvi potravy (trusu dobytka) pro vyvoj larev, tudiz jsou pastviny
pro tuto gildu broukl atraktivni a brouci zde zvySuji své pocetnosti (Hanski et Cambefort
1991).

Testovani dlouhodobého vlivu hospodafského managementu ukazalo, Ze druhové
nejbohatsi spolecenstva podporuje se¢, nasledovana plochami, kde se kombinuje pastva a sec.
Nejméné druhové bohaté byly plochy bez hospodateni a se samostatnou pastvou (Prispévek
VI). Nevyrazny okamzity i1 dlouhodoby vliv pastvy na spoleCenstva broukli byl
pravdépodobné disledkem nizké intenzity paseni (malym poctem dobytka na plochu).
Na studované lokalité¢ byly cilen¢ aplikovany piirodné Setrnéjs$i postupy s niz§im poctem
dobyt¢ich jednotek na plochu, nez je v obdobnych studiich obvyklé (srov. Kruess et
Tscharntke 2002).

Dlouhodoby pozitivni vliv ¢asové a prostorové ruzné aplikované sece (pfipadné
v kombinaci s pastvou) na spoleCenstva bezobratlych je dan pfedevSim potlacenim
konkurencné zdatnéjSich travin (Konvicka et al. 2008, Gibson 2009). Snizeni vlivu
konkuren¢nich dominant (travin) ndsledné umoziuje obstat 1 jinym druhtim bylin a tak miize
v pastvinach dochézet k rozvoji vice diverzifikovanych fytocendéz (Haysom et Coulson 1998,
Espirito-Santo et al. 2007), coZ se nasledné odrazi v pestiejSich spolecenstvech bezobratlych
(Knop et al. 2006, Prispévek VI).

Soucasti tradi€ni zemédélské krajiny jsou také tzv. doprovodné interakéni prvky
charakteru mezi, remizka a kamenic, které rozc¢lenuji vétsi ptidni bloky. Pruhy s nesecenou
vegetaci a stromy prokazateln¢ ovliviiuji luéni spoleenstva bezobratlych v zemédélsky
obhospodarované krajiné (Humbert et al. 2012, Prispévek VI). To znamena, ze vétSina druhii
bezobratlych s rostouci vzdalenosti od pruhi neseCené vegetace ubyva (Rada et al. 2014
Piispévek VI). Stejné¢ tak pocetnosti broukli s vazbou na lesni prostiedi a vysSsi bylinnou
vegetaci (Anthaxia spp., Oxythyrea funesta, Rhagonycha spp.) se snizuji smérem do oteviené
plochy (Marini et al. 2009, Prispévek VI). Pruhy stromii a nesecené vegetace jsou tedy
vyznamné pro druhy luk a pastvin protoZe slouZi jako refugium poskytujici stanovisté a zdroje
potravy v dobé€, kdy na okolnich plochach probiha se¢ (Balmer et Erhardt 2000, Humbert et
al. 2012, Kulfan et al. 2012, Prispévek VI).

4.3. Navrh opati‘eni pro ochranu biodiverzity bezlesi Hrubého Jeseniku

Na zékladé vysledk ptedlozenych studii a literarni reSerSe je mozné vyvodit zavéry pro
ochranu biodiverzity bezlesi v Hrubém Jeseniku s ohledem na studované antropické vlivy.

Primarni bezlesi arkto-alpinni tundry

Prestoze jsou sjezdové traté v alpinské zoné zajmového uzemi provozovany Setrnym
zpusobem, provedené analyzy dokladaji, ze se plivodni spolecenstva epigeickych brouki
meéni. V mistech sjezdovych trati dochazi k poklestiim pocetnosti i zménam parametrti funkéni
diverzity broukl. Sjezdové trat¢ se vyznacuji niz$i funkéni rozriznénosti spolecenstev
brouktll, coz je zpisobeno Ubytkem specializovanych druhli pivodni arkto-alpinni tundry.
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Lyzatské arealy proto pfindsi riziko pro biodiverzitu alpinské zony Hrubého Jeseniku a jejich
roz$ifovani je tedy nezddouci z pohledu zachovani unikatni bioty zemi.

Invazivni borovice kle¢ také méni spolecenstva stievlikovitych broukt a to tak, Ze
s rostoucim zapojem a v€kem porostll dochdzi k ochuzovéani ptivodnich spolecenstev. Tento
jev je patrny na poklesu pocetnosti vétSiny druhi, zejména pak téch vazanych na bezlesi a
potravné specializovanych. Zmény ve slozeni spoleCenstev se odrazeji 1 na parametrech
funk¢ni diverzity. Ve starych a zapojenych porostech klece se snizuje funkéni bohatosti i
rozriznénost potravnich vazeb stfevlikovitych. Obdobné se méni i1 indexy funkcni diverzity
biotopovych vazeb sttevlikovitych, kdy na plochach porostlych kle¢i dochazi k poklesu
indext funkéni bohatosti. Sifici se porosty borovice klete piedstavuji tedy realné riziko pro
spoleCenstva plivodni arkto-alpinni tundry Hrubého Jeseniku. Pro ochranu biodiverzity
alpinského bezlesi v regionu je proto potfeba porosty borovice klece omezit v Sifeni a
redukovat jejich rozlohu.

Sekundarni bezlesi podhorskych a horskych luk a pastviny

Studie zaméfena na vliv raznych zplsobii hospodareni (se¢ a pastva) a interak¢nich
prvkll v zemédélské krajin€ potvrdila, ze se¢ prukaznym zpiisobem formuje spoleCenstva
vybranych skupin bezobratlych vcetné¢ broukd. Se¢ v dlouhodobém casovém intervalu
podporuje druhovou diverzitu. S ohledem na okamzity negativni dopad sefe na vétSinu
bezobratlych a dobu vyskytu méné mobilnich, a tak i citlivéjSich larvalnich stadii lu¢nich
zastupct v prvni polovin€ vegetacni sezony, je proto vhodné se¢ provadét az v pozdnéjsi Casti
1éta (od druhé poloviny Cervence). Dopad na dospélce je pak mozné zmirnit rozdélenim sece
na vice fazi, pficemz béhem roku je vhodné realizovat pouze jednu sec na dané plose.

Mezi dalsi prvky zemédé€lského hospodateni, které pozitivn€ ovlivituji luéni brouky,
patii pruhy stromil a neseCené vegetace, které poskytuji utocist¢ pro bezobratlé v dobé, kdy
v okoli probiha se€. Zaroven tyto interakéni prvky navysuji celkové heterogenitu krajiny.
Z hlediska podpory biodiverzity sekundarnich bezlesi Hrubého Jeseniku je proto zadouci, aby
byly v zem&délsky udrZzované krajin€ plosné zavedeny uvedené formy ekologicky Setrného
managementu, tj. zpozdéné, ¢asove a prostoroveé diferencované sece a tvorba a udrzba pruh
stromi a nesecené vegetace.
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