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ABSTRAKT

Ochrana biologické rozmanitosti je konsenzualnim mezinarodnim zajmem.
Pfesto na pocatku 21. stoleti zazivdme enormni ubytek biodiverzity. Velka Ccast
evropské biodiverzity je vazdna na travinné ekosystémy (louky a pastviny), které jsou
udrzovany prostfednictvim zemédélského hospodareni (seCe a pastvy). Intenzifikace
hospodafeni a zaroven upousténi od n€j v nevynosnych oblastech méd za nasledek
ochuzovani az zanik cennych bezlesych biotopi. Je tudiz Zadouci studovat odezvu
zachovalych travinnych ekosystémi na riizné hospodateni a zjistit ekologické naroky
tamnich ohrozenych druhd.

Préce si klade za cil 1) stanovit vliv seCe, pastvy a liniovych krajinnych prvkl na
indika¢né¢ vyznamné skupiny bezobratlych podhorskych travinnych ekosystémi; 2)
stanovit demografické charakteristiky a biotopové preference dvou ohroZenych saranci
(sarante némeckd a vrzava), zavislych na obhospodafovani bezlesi. Na zakladé
vysledki obou tematickych celkii pak stanovit obecna doporuceni pro hospodaieni
v travinnych ekosystémech a pro ochranu dvou bliZze studovanych druhti saran¢i.

Prvni cCast prace vychazi ze studii provedenych na loukdch a pastvindch
v Nizkém Jeseniku. Ukazal se prikazny efekt seCe v interakci s Casem na spolecenstvo
bezobratlych. Okamzity vliv pastvy se projevil jen u nékterych rovnokiidlych.
Negativnim okamzitym efektem seCe byla =zasaZzena zejména pocetnost fadi
bezobratlych s nizkou mobilitou. V dlouhodobém métitku ptispivala extenzivni se¢ a
kombinace seCe s extenzivni pastvou k vyssi druhové bohatosti, zatimco na plochach
pouze pasenych nebo neobhospodafovanych byl pocet druhii nizsi. Dale se prokazalo,
7ze liniové krajinné prvky (remizky a meze) navySuji abundance bezobratlych v
agroekosystémech. Na zdklad¢ vysledki doporucujeme oddéalenou seC, ponechavani
neposecenych past a ziizovani liniovych krajinnych prvki.

Ve druhé ¢asti prace byla studovdna sarance némecka (Oedipoda germanica)
v Ceském stiedohoti a saranée vrzava (Psophus stridulus) ve Vsetinskych vrsich.
Prokazal se pozitivni efekt teploty na piezivani dosp€lci sarance némecké v malé
izolované populaci na vrchu Kostal. Sarance vrzava jednoznacné preferovala jizni

svahy s fidkou nizkou vegetaci a ploskami obnazené pldy, ptfi¢emz klicovym faktorem



byla hustota vegetace. K udrzeni obou druhti na jejich lokalitdich je potfeba aktivni
hospodateni, které zabrani zartstani a stinéni. V piipad¢ sarante némecké se nabizi
cilené¢ vytezavani dfevin a pastva, v piipad¢ sarance vrzaveé je vhodna extenzivni pastva
a seC. SaranCe vrzava je charismatickym kandidatem na deStnikovy a vlajkovy druh

podhorskych xerotermnich pastvin.

Kli¢ova slova: bezobratli, biodiverzita, louka, Oedipoda, Orthoptera, pastva, pastvina,

Psophus, sarance, se¢



Rada S. (2018): Impact of farming activities on insect communities living in grassland

ecosystems [doctoral dissertation]. Palacky University, Olomouc, 30 pp., in Czech.

ABSTRACT

Biodiversity conservation at the beginning of the 21* century is of consensual
international interest. Yet, we are experiencing an enormous biodiversity loss. A big
part of European biodiversity is bound to the grassland ecosystems (meadows and
pastures), which are sustained by agricultural management (mowing and grazing).
Agricultural intensification and abandonment of peripheral areas are responsible for
impoverishment and decline of valuable grassland habitats. Therefore, it is desirable to
study the response of preserved grasslands to various managements and to uncover
ecological requirements of local endangered species.

This thesis is aiming at 1) specifying impact of mowing, grazing and linear
landscape features on indicatory important arthropod communities in submontane
grassland ecosystems; 2) specifying demographic characteristics and habitat preferences
of two endangered locusts (Psophus stridulus and Oedipoda germanica), which are
dependent on management of treeless habitats. Then, based on the results of the both
thematic parts, we determined general recommendations for management of grassland
ecosystems and for conservation of the two locust species studied.

The first part of the thesis proceeds from studies conducted in submontane
meadows and pastures in Hruby Jesenik Mts. situated in northeast of the Czech
Republic. The effect of mowing in interaction with time proved to be significant for
arthropod community. Immediate impact of grazing was apparent only in some
Orthoptera. By negative immediate effect of mowing were afflicted particularly
arthropod orders with low mobility. In the long-term, the higher species richness was
brought about by low-intensity mowing and by combination of mowing and low-
intensity grazing; species richness on grazed-only patches or patches without
management was lower. We further proved that linear landscape features (strips of grass
and belts of trees) increase abundances of arthropods in agroecosystems. Based on the
results, we recommend delayed mowing, uncut grass refuges left and establishment of
the linear landscape features.

In the second part of the thesis, we focused on locust Oedipoda germanica in the

Ceské stiedohoti Mts. situated in the northwest of the Czech Republic and on locust



Psophus stridulus in the Vsetinské vrchy hills situated in the eastern part of the Czech
Republic. We found a positive effect of temperature on the survival of O. germanica
adults in the small isolated population was proved. Psophus stridulus clearly preferred
southern slopes with sparse low vegetation and patches of bare ground; sward density
was the key factor. To preserve both species on their localities, an active management,
which prevents overgrowing and shading, is needed. In case of O. germanica, removal
of shrubs and trees and subsequent grazing is suggested; in case of P. stridulus, low-
intensity grazing and mowing is suitable. Psophus stridulus is a charismatic candidate

for flagship and umbrella species of submontane xerothermic grasslands.

Key words: arthropods, biodiversity, grazing, locust, meadow, mowing, Oedipoda,

Orthoptera, pasture, Psophus
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1. Uvop

Ochrana biologické rozmanitosti na Zemi je konsenzudlnim mezindrodnim
zajmem, jak dokladd mezinirodni iimluva o biologické rozmanitosti (Convention on
Biological Diversity; CBD 2010). K této umluvé se pfipojily vSechny staty svéta, ¢imz
se zavazaly mimo jiné k ochran¢ vSech druhti Zivych organismii a jejich prostiedi.
Naplnovani tohoto zavazku ptredpokldda zmapovani svétové biodiverzity, komplexni
poznani fungovéani ekosystémt a ptirodnich procesti stejné jako zevrubné poznani
ekologickych narokt jednotlivych druhti a pfi¢in jejich ohroZeni.

Biologicka rozmanitost je intenzivné studovana a diskutovana z
hledisek ekologické teorie 1 aplikované ochrany ptirody. Biodiverzitu chce lidstvo
chréanit ptfedné¢ pro hodnotu, kterou ma sama o sobé — tedy vnitini (intrinsic), piipadné
kulturni hodnotu (Soul¢ 1985; Ghilarov 2000). Z utilitaristického pohledu lze
biologickou rozmanitost chapat jako zdroj zaddanych produktt typu novych 1éCiv,
technologickych materiali, potravin a podobné (Rands et al. 2010). V poslednich dvou
dekadach je kladen diraz i na pfimy ¢i nepiimy ekonomicky vyznam biodiverzity
zajiStovany prosttednictvim ekosystémovych sluZeb, které jsou bud’ nenahraditelné,
nebo nahraditelné jen s obrovskymi naklady (Gallai et al. 2009; Nelson et al. 2009;
Cardinale et al. 2012; Potts et al. 2016).

Z téchto davodi je akcentovéna potieba zachovani biodiverzity (Soulé 1985;
Rands et al. 2010). Presto i dnes, v prvnich dekddach 21. stoleti, vnimame ubytek
celosvétoveé biodiverzity, dokonce lze mluvit o poklesu ¢im dal rychlejSim (Butchart et
al. 2010; Pimm et al. 2014; McCallum 2015). Tento ubytek se neprojevuje jen
v absolutnim a nevratném vymirdni biologickych druhd, ale mnohem Castéji
v ochuzovani regionalni a lokalni biodiverzity (Sodhi et al. 2004; Biesmeijer et al. 2006;
Brooks et al. 2012; Vogt-Schilb et al. 2015) a snizovani pocetnosti 1 béznych druht
(Hallmann et al. 2017).

1.1. Historicka role zemédélstvi v utvareni krajiny a biodiverzity
V Evropé je vyznamna cCast biologické rozmanitosti spojena s hospodafenim

Clovéka v krajiné, zejména prostfednictvim utvafeni bezlesych biotopl v jinak lesni
klimatické zon¢ (Bignal a McCracken 1996). Urcitou vyjimkou jsou primarni bezlesi

vznikla a udrZzovana plisobenim klimatickych a geologickych podminek, tedy zejména
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raSeliniSté, vysokohorské hole, slaniska a extrémni biotopy na skalnim podloZi (Dengler
et al. 2014). 1 zde vSak méla zemédé€lskd ¢innost ¢lovéka mnohdy vyznamnou roli,
napiiklad plisobeni pastvy a travateni nad horni hranici lesa v pohofich Vysokych Sudet
(Rybnicek a Rybnickova 2004) ¢i Alpach (Tinner et al. 1996). Jiné typy bezlesi byly
v pravekeé krajin€ patrné udrZzovany ¢innosti velkych herbivora (koni, zubrt, praturti a
jinych) nebo bobri (vznik aluvialnich luk na zazemnénych bobtich piehradach, aktivni
kaceni stromll) v kombinaci s disturbancemi typu vichfic, povodni, pozarh, lavin ¢i
hmyzich kalamit (Lozek 2007; Hejcman et al. 2013; Dengler et al. 2014). Plisobeni
téchto piirozenych vlivii bylo clovékem do velké miry utlumeno a nevédomky
nahrazeno zemédélskym hospodarenim (Sadlo et al. 2005; Hejcman et al. 2013).

Pocatky pretvaieni evropské krajiny lidmi sahaji pfinejmensim do neolitu, kdy
prvni rolnici a pastevci svou ¢innosti branili zarGstani zbytk bezlesi expandujicimi
lesy, které se Sifily nasledkem otepleni a zvlhéeni klimatu po skonceni posledniho
glacialu (Sadlo et al. 2005; Lozek 2007; Hejcman et al. 2013). Pravdépodobné tak
umoznili pfeziti mnoha druhii organismli vazanych na oteviena stanovisté. Nasledny
vznik zemédé€lstvi a jeho rozvoj znamenal dal$i odlesiiovani a vytvofeni pestré krajinné
mozaiky, nabizejici nejriznéj$i typy lesnich a bezlesych biotopt. Ty byly dale
kolonizovany mnozstvim druhti — jak starousedlych, Sificich se z ptirozenych zbytka
bezlesi, tak nové ptichozich druhti ze stepni zony (Lozek 2007). Zde je namisté doplnit,
ze hospodafeni (zejména ve formé patfezeni a lesni pastvy) mélo podstatny vyznam 1 pro
biodiverzitu lest, predevsim listnatych (Konvicka et al. 2006; Sebek el al. 2015).

Rozvoj zemédélstvi, osidlovani krajiny lidmi a jeji odlesnovani byl postupny
proces, ktery probihal od neolitu ptes staroveék a stiedovék az do vrcholného novovéku
(Lozek 2007; Kaplan et al. 2009; Hejcman et al. 2013). Posledni vyznamnou etapou
tohoto procesu v ¢eskych zemich byla hornicka a sklaiska kolonizace hrani¢nich pohoti
Cech a valasska a pasekatska kolonizace zapadnich Karpat (Lozek 2007). Valasska a
pasekaiska kolonizace probihajici od konce 15. do 18. stoleti vyznamné navysila
biodiverzitu Beskyd, Vsetinskych a Hostynskych vrchi — do té doby témét vyhradné
lesnatého tizemi (Mactrek 1959; Lozek 2007).

1.2. Industrializace zemédélstvi a ztrata krajinné heterogenity
V pribéhu 20. stoleti doSlo k celospoleCenskym zméndm, které se vyrazné

promitly do podoby zemédélstvi a tedy i1 krajiny (Hobsbawm 2001). Tyto zmény



zapocaly jiz v 19. stoleti za primyslové revoluce, naplno se ale projevily az ve stoleti
dvacéatém. Prudky rozvoj primyslu, technologii a mést zptisobil odklon naprosté vétSiny
obyvatelstva od zemédélstvi, zcela jiny pfistup k pidé a industrialni zemédélskou
produkci (Hobsbawm 2001). Skoncilo tak téméf 8 tisic let trvajici obdobi zemé&délsko-
pastevecké krajiny (Lozek 2007). Moderni zemédé€lska produkce pfinesla nastup dvou
protikladnych, ale vzijemné propojenych trendi — intenzifikaci hospodafeni na
vynosnych pozemcich a upousténi od hospodafeni na méné vynosnych plochach —
spolecné zaptiCinujici destrukci stanovist’ a ochuzeni biodiverzity (Stoate et al. 2001;
Liitolf et al. 2009; Uchida a Ushimaru 2014).

Intenzifikace umoznila zvySeni a zrychleni produkce za cenu chemizace
(masivni pouzivani pesticidi a pramyslovych hnojiv) a celkové unifikace. Tato
unifikace se projevila scelovanim diive rozdrobenych zemédélskych pozemki ve velké
lany, likvidaci liniovych délicich prvkil (meze, remizky, aj.) nebo melioracemi (Stoate
et al. 2001; Benton et al. 2003). Projevuje se také ve sjednocovani trhli a postupt,
péstovani jen nékolika malo dominantnich plodin a nejvynosnéjSich odrid a ve svém
dasledku v homogenizaci krajiny (Benton et al. 2003; Stoate et al. 2009). Z uniformni
krajiny se vytratila jemn4 mozaika v prostoru i ¢ase.

Druhy trend — upousténi od hospodaieni — znamena postupny zanik nelesnich
biotopli na okrajovych, malo vynosnych pozemcich, které pfitom Casto hosti pestrd
spolecenstva rostlin a zivo¢ichii. Po upusténi od hospodateni (typicky extenzivni pastvy
a seCe) zarustaji tyto lokality ruderalni vegetaci, kefi a stromy a pivodni nelesni
spolecenstva z nich vymizi (Stoate et al. 2009; Uchida a Ushimaru 2014).

Pokusem o nahrazeni vesmés zaniklé extenzivni hospodaiské ¢innosti ¢lovéka
v krajin€ je zavedeni agroenvironmentalnich programii motivujicich zemédélce
k adrzb¢ krajiny prostiednictvim dotaci (Stoate et al. 2009). Dopad zavedenych
dotacnich programi na ochranu biodiverzity je vSak mnohdy diskutabilni. V nékterych
piipadech biologickou rozmanitost podporuji (Stoate et al. 2009), v jinych je jejich efekt
nejednoznacny nebo smiSeny (Kleijn et al. 2006) a v nékterych dokonce negativni
(Konvicka et al. 2008). Problém je zejména v jednotném terminovani sece na velkych
plochach, které je administratory dotacnich titull vyzadovdno. V tomto svétle se
»agroenvi® miize jevit spiSe jako dal§i faktor pfispivajici k nezddouci homogenizaci
krajiny (Konvitka et al. 2008; Cizek et al. 2012). Podobné diskutabilni je statem
podporované zalesiiovani nevynosnych pozemki, pii kterém jsou casto biologicky
cenné louky €i pastviny preménovany na smrkoveé plantaze (Tkacikova et al. 2013).
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Vyslednym stavem zemédélskych zmén 20. a zacatku 21. stoleti je tedy
uniformni, homogenizovand krajina, kde na jedné stran€¢ stoji intenzivné
obhospodafovana orna puda a jednotné secené produkéni louky a na druhé strané stale
se roz8ifujici plocha hospodatskych lest typu stejnovékych monokultur. Urbanizovana
uzemi a plochy, samovoln¢ zarlstajici ruderdlnimi, Casto invaznimi, bylinami a
dfevinami, se tak v moderni krajin¢ stavaji misty se zvySenou biologickou rozmanitosti,
a jsou proto n¢kdy oznacCovany jako ,,nova divo¢ina® (Van den Berg a Koole 2006;
Lipsky 2010) — poskytnout utocisté¢ ustupujicim druhtim staré zemédélsko-pastevecké
krajiny vSak mohou jen stézi. V krajin¢ tedy chybi extenzivné obhospodafované bezlesi
a jemnd krajinnd mozaika zajiSt'ujici heterogenitu. Heterogenni krajina ze své podstaty
jednak poskytuje vétsi Skalu stanovist’ hostici vice riznych organismii, jednak umoznuje

perzistenci vice druht umoznénim presunli v prostoru a case (Benton et al. 2003;

Hendrickx et al. 2007; Ekroos et al. 2010).



2. CILE A STRUKTURA PRACE

Jak vyplyva z vySe uvedeného, zasadni podil evropské biodiverzity je spojen
s extenzivnim obhospodafovanim bezlesych biotoptli, jejichz spoleCenstva se za
pusobeni tzv. tradicniho zemédé@lstvi vyvijela tisice let. Ve 20. stoleti nastoupily
protichiidné a pfitom provdzané trendy intenzifikace a upousténi od hospodateni,
likvidujici takové bezlesé biotopy. Procesy intenzifikace a upousténi nadale postupuji —
nejpatrnéji ve vychodni a jthovychodni Evropé (Donald et al. 2001; Tryjanowski et al.
2011), ale také v Ceské republice. Je tudiz Zzadouci studovat odezvu zbytku zachovalych
travinnych ekosystému na rizné druhy hospodafeni, potazmo zjistit ekologické naroky

jednotlivych ohroZenych druhti téchto biotopi.

Préace si proto klade tyto cile:

a) Stanovit vliv sefe, pastvy a liniovych krajinnych prvki na bezobratlé
podhorskych travinnych ekosystémil. Na zaklad¢ vysledki formulovat obecna
doporuceni pro obhospodafovani luk a pastvin.

b) Stanovit demografické charakteristiky a biotopové preference vybranych druhti
ohrozenych saranc¢i (sarance némecké a vrzavd), zavislych na obhospodatfovani
bezlesi. Nasledn¢ formulovat doporuceni pro ochranu téchto druhi, tykajici se

zejména zpiisobu obhospodarovani.

Text prace dale pokraCuje charakteristikou a vyznamem studovanych taxont
(kapitola 3) a stru¢nou metodickou ¢asti (kapitola 4). Kapitola 5 — Vysledky a diskuse —
je vsouladu s uvedenymi cili ¢lenéna na dvé dil¢i Casti. Prvni Cast (podkapitola 5.1)
vychazi z prvnich dvou pfiloZenych publikaci (Ptilohy I, II) a popisuje studii
provedenou v podhiii Jeseniki za uCelem zhodnoceni vlivu obhospodatfovani luk a
pastvin na bezobratlé. Druhd ¢ast (podkapitola 5.2) se opird o dal§i dvé ptiloZzené
publikace (Ptilohy III, 1V) a pojednavéa o dvou samostatnych studiich, zkoumajicich
ekologii saran¢e némecké v Ceském stfedohoii a saranée vrzavé ve Vsetinskych vrsich.

Préce je zakoncena zavérem (kapitola 6), shrnujicim poznatky z obou dil€ich ¢asti.



3. STUDOVANE TAXONY

3.1. Hmyz jako biologicky indikator

Hmyz je nejdiverzifikovangj$i skupinou organismi na planeté Zemi. Je témér
vSudypfitomny a ve veétSin¢ prostiedi velmi pocetny (Schowalter 2016). Ma
nezastupitelnou roli v provozu ekosystému jako soucast potravnich fetézcl a slozitych
mutualistickych nebo parazitickych vztahti. ZajiSt'uje vyznamné ekosystémoveé sluzby,
jako je napt. dekompozice biomasy nebo opylovani hmyzosnubnych rostlin (Klein et al.
2007; Potts et al. 2016; Schowalter 2016).

Spolecenstva hmyzu citlivé a rychle odrazeji zmény podminek v prostiedi, c¢ehoz
je hojn€ vyuzivano k bioindikaci kvality prostiedi (Menéndez 2007; Gerlach et al. 2013;
Schowalter 2016). Vyhodou pro bioindikaci jsou vysoké abundance hmyzu a snadné
vzorkovani v terénu. Velky pocet hmyzich druhl s rozriiznénymi ekologickymi naroky
umoziuje piesnéjsi interpretaci vysledki, kratky generacni Cas zase zapfticinuje rychlou
odezvu na zménu v prostfedi. Indikacni potencidl hmyzu nachézi Siroké vyuZziti — od
monitoringu znec€iSténi (Bonada et al. 2006; Butovsky 2011) pfes stanoveni miry
poklesu biodiverzity (Ekroos et al. 2010; Brooks et al. 2012), vyuziti v ekologii obnovy
(Andersen et al. 2001; Hodecek et al. 2015) a studium odezvy spolecenstev na
katastrofy (Gerisch et al. 2012) az po modelovani dopada klimatické zmény (Menéndez
2007; Settele et al. 2008). Casto se zjistuji také zmény ve struktufe hmyzich
spolecenstev pii uplatnéni riznych druhii hospodateni — jak v lesich (Paillet et al. 2010;
Sebek el al. 2015), tak vtravinnych ekosystémech (Cizek et al. 2012; Kruess a
Tscharntke 2002; Marini et al. 2009; Simons et al. 2016).

V nasi studii, zabyvajici se vlivem hospodaieni na bezobratlé podhorskych
travinnych ekosystému (Ptiloha I), jsme testovali zmény v pocetnosti jedincii na trovni
jednotlivych tadu (kromé deseti hmyzich tadd byli zahrnuti také pavouci, sekaci a
chvostoskoci). Efektivita hodnoceni zmén na trovni vysSich taxonil bezobratlych byla
Jiz v minulosti prokazana (Biaggini et al. 2007; Tanabe et al. 2008). Dale jsme se
podrobn€ji zaméfili na 3 vybrané skupiny hmyzu, které byly determinovany na
druhovou uroven. Takto jsme analyzovali odezvu v druhovém slozeni spolecenstva a
abundanci druht broukid (Coleoptera), motyli (denni motyli — Rhopalocera a

vietenusky — Zygaenidae) a ¢meldkt (rod Bombus véetné podrodu Psithyrus, sensu



Cameron et al. 2007). Zmény pocetnosti a druhového slozeni vramci tadu
rovnokitidlych (Orthoptera) byly hodnoceny v samostatné studii (Ptiloha II).

Brouci jsou velmi rozriznénym fadem s velkym poctem druhl a rozmanitymi
potravnimi strategiemi. Zaroven jsou skupinou popularni, dobfe probadanou a pomérné
snadno determinovatelnou. Tyto vlastnosti je predurcuji k pouziti jakoZto indikacni a
modelové skupiny pro monitoring a interpretaci zmén (Hutcheson 1990; Gerlach et al.
2013). Podobné 1 denni motyly, kteti sice nedosahuji takového poctu druht a takové
rozmanitosti v potravnich strategiich jako brouci, ale jsou skupinou jesté popularné;si,
snadno identifikovatelnou a jejich ekologie je velmi dobfe zndma (miZeme je
povazovat za nejprobadanéj$i skupinu hmyzu, pfinejmensim v Evrop¢) (Erhardt a
Thomas 1991; Van Swaay et al. 2008). Cmelaci jsou skupinou druhové nepiilis
pocetnou, zato ale citlivé reaguji na pestrost nabidky kvetoucich rostlin a stanovist

k hnizdéni (Goulson et al. 2008; Lye et al. 2012).

3.2. Rovnokiidli v travinnych ekosystémech

Rovnokfidli (Orthoptera) jsou jednou zdominantné zastoupenych skupin
zivoc¢ichti v travinnych ekosystémech (Ingrisch a Kohler 1998a; KeBler et al. 2012).
Jsou vyznamnymi primarnimi konzumenty (Kohler et al. 1987; Blumer a Diemer 1996),
v men$i mife téz sekundarnimi konzumenty (Ingrisch a Kohler 1998a). Dale slouzi jako
potrava mnoha predatorim, jak bezobratlym, tak obratlovciim (Belovski a Slade 1993;
Ingrisch a Kohler 1998a; Danner a Joern 2004). Pro jejich pocetnost, snadné vzorkovani
a determinaci a schopnost reagovat na environmentalni zmény jsou rovnokitidli vhodnou
a Siroce pouzivanou modelovou a indika¢ni skupinou (Baldi and Kisbenedek 1997,
Andersen et al. 2001, Kruess a Tscharntke 2002, Fartmann et al. 2012). Z tohoto
davodu jsme je pouzili 1 v nasi studii (Ptiloha II) ke stanoveni vlivu sece, pastvy a
liniovych krajinnych prvk.

Navzdory obecné vSudypiitomnosti a vysoké abundanci rovnokiidlych je mnoho
stenoeknich druht ohroZeno. Podle evropského cerveného seznamu rovnokiidlych
(Hochkirch et al. 2016) je z celkového poctu 1082 evropskych druht 26 % ohrozeno
(threatened, tzn. souhrn kriticky ohroZenych, ohroZenych a zranitelnych druhti) a
dalSich 14 % je ,téméf ohrozeno* (near threatened). Reédlné miry ohroZzeni budou
pravdépodobné jesté mirné vyssi, protoze pro 10 % druhii nejsou dostupna relevantni

data k vyhodnoceni trendi zmén podetnosti. V derveném seznamu CR (Holusa et al.



2017) je zahrnuto 41 % z 97 druhti rovnok¥idlych (z toho 7 druhii je v CR vyhynulych),
pro dalsi 4 druhy nebyla v dobé zpracovani seznamu dostupnd data umoziujici

vyhodnoceni.

3.3. Sarance némeckad a sarance vrzavd

Oba jmenované druhy saranci jsou piikladem ohroZenych druhti, mizejicich
z divodu upousténi od hospodafeni na jejich biotopech a/nebo kviili intenzifikaci
hospodateni. Jedna se o velké charismatické druhy, shodou okolnosti v obou ptipadech
s ¢ervenou barvou zadnich kiidel. Maji specifické naroky na biotop a soucasné nizkou
mobilitu, coz jsou vlastnosti, které zvysuji riziko jejich vyhynuti (Reinhardt et al. 2005).

SaranCe némeckd, Oedipoda germanica (Latreille, 1804), ma t&zist¢ rozSifeni
v jizni Evropé (od Pyreneji po Krym). Severni hranice arealu prochdzi Némeckem a
Ceskou republikou (Wagner 2000; Holusa et al. 2009). Je kriticky ohroZena jak v Ceské
republice (Holusa et al. 2017), tak v Némecku (Ingrisch a Kohler 1998b). Jedna se o
znacn¢ teplomilny druh, obyvajici skalni stepi nebo spofe porostlé skaly na jizné
orientovanych svazich. Patrn¢ vSechna druhem obyvana stanovisté ve stfedni Evropé
jsou udrzovana (pasené svahy) nebo vytvotfena (lomy) lidskou ¢innosti (Wagner 2000;
Holusa et al. 2009). Ackoli je s. némecka letuschopnym druhem, jeji schopnost disperze
je velmi omezenda — nejdelsi v literatufe zaznamenany prelet ¢ini 500 m (Zoller 1995) a
median celozivotni rozptylové vzdalenosti jedince je zhruba 30 m (Zoller 1995; Wagner
2000). V CR je v soucasnosti znamo 7 lokalit druhu v Ceském krasu a jedina lokalita
v Ceském stiedohoti; na ostatnich lokalitach v Ceském stfedohoii druh vyhynul b&hem
20. stoleti (Holusa et al. 2009). Nami studovana populace s. némecké na vrchu Kost'al
v Ceském stfedohoii (Piiloha IIT) piedstavuje geograficky izolovanou populaci (60 km
vzdalena od nejblizsi lokality).

SaranCe vrzava, Psophus stridulus (Linnaeus, 1758), je eurosibifsky druh
s arealem sahajicim od Spanélska na vychod po Mongolsko a na sever po Skandinavii.
Na rozdil od s. némecké se tedy nejedna o druh, ktery by v Ceské republice prezival na
okraji arealu. Pfesto tento typicky prvek podhorskych luk a pastvin, ptivodné v CR
hojny, béhem 2. poloviny 20. stoleti vymizel z vétSiny lokalit a nyni je vzacny a lokalni
(Pecina 1982; Holusa 2000; Spitzer 2007). V erveném seznamu CR je s. vrzava
evidovana jako ohrozeny druh (Holusa et al. 2017). V Belgii a Nizozemsku vyhynula
(Olmo-Vidal 2006), stejn¢ tak v n€¢kolika spolkovych zemich Némecka (Hemp a Hemp



2003). Vyrazny ustup druhu je zdokumentovan také ve Francii (Luquet 1982), Finsku
(Viisanen et al. 1991), Svédsku (Kindvall et al. 1993), Spanélsku (Olmo-Vidal 2002),
Litvé (Budrys a Pakalniskis 2007) nebo Polsku (Glowacinski a Nowacki 2004). Jedna
se o znacn¢ sedentdrni druh — nelétavé samice zlstavaji cely Zivot na nékolika malo
¢tverecnich metrech; samci jsou aktivnéj$i, ale vétSinou také ziistavaji na lokalité
(JanBen a Reich 1998; Weibart a Fischer 2006). NejdelSi zaznamenany pielet samce
¢inil méné nez 700 m (Buchweitz 1993). V nasi studii (Pfiloha IV) jsme se zaméftili na
zjiSténi detailnich biotopovych preferenci s. vrzavé ve Vsetinskych vrSich a na navrh

opatteni, které by vedly k zachovani biotopu tohoto ustupujiciho druhu.



4. METODIKA

Metodika jednotlivych studii je podrobné popsana v autorskych publikacich,
které jsou ptilohou této prace (Ptilohy I-1V). Tato kapitola proto uvadi jen stru¢ny

popis studijnich lokalit a nastinéni pouzitych metod s odkazy na ptislusné ptilohy.

4.1. Studijni lokality

Studie vlivu obhospodafovani luk a pastvin na spolecenstva ¢lenovci (Ptilohy I
a 1) probehla v podhiiti Jesenikii v oblasti Pfemyslovského sedla, v katastrdlnim tizemi
(= k. 0.) obci Premyslov a Nové Losiny. Jedna se o komplex luk a pastvin obklopeny
lesy. Studované plochy se nachazeji v nadmotské vySce od 730 do 830 m n. m. (viz Fig.
1 v Ptiloze I). Zdejs$i vesmés kvétnaté louky a pastviny s poloptfirozenym charakterem
jsou extenzivné seCeny, piipadné paseny skotem.

Saran¢e némecka (Ptiloha III) byla studovdna v izolované populaci na vrchu
Kostal v Ceském stiedohoii (k. 0. Jenice). Jizni strana kopce je skalnatd se strmymi
svahy a skalnimi pfevisy. Z ¢asti svahu byl v minulosti tézen kamen. Nyni ma jiZni
strana vrchu charakter skalni stepi az lesostepi. Vyhievné skaly tvoii v okolni krajiné
ostrov s teplym mikroklimatem.

Pro vyhodnoceni biotopovych preferenci a demografie sarance vrzavé (Ptiloha
IV) byly vybrany lokality ve Vsetinskych vrSich vudolich pravostrannych piitoka
Vsetinské Becvy (k. u. Hovézi, Huslenky, Halenkov a Novy Hrozenkov; 430-700 m
n.m.). V této oblasti se Castecné zachovalo tradini valaSské zemédé€lské hospodareni.
V prvni ¢asti studie byly podrobné studovany 4 populace na 4 lokalitach, nasledujici rok
pak bylo provedeno rozsahlé ohodnoceni 179 ploch (luk a pastvin), pokryvajicich

vetSinu bezlesi v oblasti (viz Fig. 1 v Priloze IV).

4.2. Studijni design a pouZité metody

4.2.1. Vliv sece a pastvy na bezobratlé podhorskych luk a pastvin
Bylo zvoleno 12 studijnich ploch (luk a pastvin), vymezenych pfirozenymi

hranicemi jako okraj lesa, remizek, silnice a podobn&. Cést ploch byla jednou roéné
seCena, Cast ploch pasena skotem a Cast ploch méla smiSeny management. Vzorkovani
probihalo v letech 2009 a 2010 pomoci Moerickeho zlutych misek (yellow pan traps;

Moericke 1951). Tyto misky se pouzivaji primarné pro vzorkovani Ilétajiciho
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florikolniho hmyzu (Kuras et al. 2000; Campbell a Hanula 2007; Wilson et al. 2008),
ale lze je s uspéchem pouzit i pro dalsi skupiny bezobratlych (Evans a Bailey 1993;
Blades a Marshall 1994; Leksono et al. 2005). Misky byly do poloviny napustény
solnym konzerva¢nim roztokem s detergentem a uspofadany v transektech napftic
studijnimi plochami. Instalovany byly nepfetrzit¢ od kvétna do zafi; vybéry
zachycenych bezobratlych a dopliiovani roztoku probihaly v pfiblizné¢ desetidennich
intervalech. Nachytany material bezobratlych byl posléze ttizen do adl a jeho ¢ast byla
dale determinovana na druhovou troven (denni motyli, ¢melaci, brouci a rovnokiidli).
Pro podrobnosti viz Ptilohu I.

Odezva pocetnosti rovnoktidlych (Orthoptera) na hospodateni byla hodnocena
v samostatné studii (Ptiloha II). Byl zde pouzit jednak nasbirany material ze zlutych
misek ze sezony 2010, jednak paralelni vzorkovani smykaci siti, coZ je nejpouZivané;si
metoda pro vzorkovani rovnokiidlych (Gardiner et al. 2005). Vzorkovani smykanim
probéhlo ttikrat v sezoné 2010 — v Cervenci, srpnu a zafi. Na kazdé ze studijnich ploch
byly zvoleny vzorkovaci body, ptficemz pocet bodu byl ptimo imérny velikosti plochy
(1 bod na 0,5 ha). Odchyceni rovnoktidli byli urovani pfimo v terénu a vypousténi,
v ptipad¢ obtizné determinovatelnych druhti uchovani v etanolu a urceni v laboratofi.

Statisticka analyza vlivu sece, pastvy a liniovych krajinnych prvka na bezobratlé
(Ptiloha 1) probéhla na n€kolika trovnich. Vysvétlujicimi proménnymi byly okamzity
nebo dlouhodoby efekt seCe a pastvy, vcetné jejich absence nebo kombinace, a
vzdalenost od meze (dlouhodobé neseeny pas vegetace) nebo remizku (pas vzrostlych
stromd, ptipadné lesni okraj). Do analyzy bylo zahrnuto 10 fadt hmyzu, pavouci, sekaci
a chvostoskoci. Vysvétlovanymi proménnymi byly pocty jedinct jednotlivych fadd,
druhova bohatost, pocetnosti jednotlivych druhi dennich motyl, ¢melaka a brouki a
funk¢ni diverzita broukua. V dil¢ich analyzach bylo vyuzito také rozdéleni na funkcni
skupiny podle mobility, trofické a biotopoveé piislusnosti. Odpovéd rovnokiidlych
(Ptiloha II) byla testovana na trovni celkové abundance dospélci a nymf a na urovni
pocetnosti jednotlivych druhli. Vysvétlujicimi proménnymi byly okamzity efekt sece a
pastvy a vzdalenost od meze nebo remizku. VétSina analyz v obou studiich byla
provedena pomoci mnohorozmérnych metod (RDA, CCA) a generalizovanych

linearnich modeld (GLM) za uziti programi Canoco 4.5 a R.
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4.2.2. Ekologie sarance némecké a sarance vrzavé
Demograficka studie izolované populace saran¢e némecké na vrchu Kostal

(Ptiloha III) probihala v letech 2008, 2009 a 2010. Pouzili jsme metodu zpétnych
odchytii znacenych jedinct (Capture-Mark-Recapture, CMR), pti¢emz lokalita byla
dikladné prohleddvana, zjisténé sarane odchyceny pomoci entomologické sitky,
oznaceny unikatni znackou pomoci fixli a vypuStény. Odchyceni novych nebo jiz
oznacenych jedinci bylo zaznamenano, spole¢né s jejich pohlavim. Lokalita byla takto
navstivena sedmkrat za sezénu — prvni navstéva v ¢ervnu, kdy se zaCinaji objevovat
dospélci a posledni na pfelomu fijna a listopadu, kdy dochédzi k thynu poslednich
dospélcii. Na zékladé odchytovych dat byly v programech Jolly a POPAN vypocitany
velikosti populace v jednotlivych letech a mira pfezivani. Néasledné jsme testovali vliv
teploty na ptezivani dospélcti sarance za pouziti linearnich smiSenych modelt (/inear
mixed models, LMM) v softwaru R.

Vyzkum biotopovych preferenci sarance vrzavé ve Vsetinskych vrSich
(Ptiloha IV) probihal v letech 2011 a 2012. V sez6né€ 2011 byly pomoci metody CMR
studovany 4 populace na 4 lokalitach. Zpétné odchyty probihaly stejnym zplsobem,
jaky je popsan vySe. Lokality byly navstiveny sedmkrat béhem srpna a zafi. Kazda
lokalita byla rozdélena na plochu A a B, které se liSily obhospodafovanim a
charakterem vegetace. Pfesuny saran¢i mezi t€émito plochami byly zaznamenavany.
V srpnu 2012 bylo jednorazoveé vyhodnoceno 179 ploch (luk a pastvin), pokryvajicich
vétSinu bezlesi v oblasti. Plochy byly vymezeny pfirozenymi hranicemi a liSily se ve
sklonu a orientaci svahu, obhospodafovani a charakteru vegetace. SaranCe vrzava se
vyskytovala na 24 % ploch. Na studijnich plochach z obou sezon byly méfeny vegetacni
charakteristiky, zaznamendvan typ uplatiiovaného hospodateni a dal§i environmentélni
proménné (viz Table 1 v Ptiloze 1V). Data z CMR studie byla analyzovana v programu
MARK za pouziti multistate modeld, které pocitaji pravdépodobnosti pieziti, odchytu a
také presunu mezi plochami. Do téchto modell byly zahrnuty 1 prislusné
environmentalni proménné. V dalSim kroku byly porovndvany pravdépodobnosti
pfezivani a pfesunu mezi plochami v souvislosti s rozdily v charakteristikdch vegetace.
Data ze sezony 2012 byla testovana pomoci GLM modelu, do kterého vstupovala
abundance saran¢i na plochdch jako zavislda proménna a ziskané environmentélni
proménné jako prediktory. Kromé toho byly sestrojeny GLM modely pro zobrazeni
individualniho efektu jednotlivych environmentalnich proménnych na pfitomnost c¢i

nepiitomnost sarance. Pouzit byl software R a Canoco 4.5.
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5. VYSLEDKY A DISKUSE

5.1. Vliv sece a pastvy na bezobratlé podhorskych luk a pastvin

Ordina¢ni analyza za uziti CCA modelu ukézala prikazny efekt sece (v interakci
s Casem) na spoleCenstvo bezobratlych (Fig. 2 v Ptiloze I). Efekt pastvy nebyl
statisticky prikazny. Nasledné testovani odpovédi jednotlivych tfadd GLM modely
potvrdilo prikazny efekt seCe a neprikazny efekt pastvy (Table 1 v Ptiloze I). Podobné
RDA a GLM modely zmén pocetnosti jednotlivych druhti broukid a motylt ukazaly
prukazny efekt seCe, zatimco efekt pastvy byl na hranici prikaznosti (Fig. 3 a Table 2
v Piiloze 1). Abundance rovnokiidlych byly v ordina¢nich modelech prikazné
ovlivnény seci, efekt pastvy se neprokazal (Table 2—5 v Ptiloze II). Nepriikazny vliv
pastvy na spolecenstvo si vysvétlujeme tim, Ze pastva skotu na studijnich plochach byla
az prili§ extenzivni (pouze 0,82-0,84 dobytéich jednotek na ha). Pastevni intenzita
vyznamné méni efekt pastvy na spoleCenstvo bezobratlych (Kruess a Tscharntke 2002;
Batary et al. 2007; Fabriciusova et al. 2011).

Pouze né€kolik druhli rovnoktidlych vykazalo signifikantni zmény pocetnosti
v souvislosti s pastvou (Fig. 2C, 2D, 3D v Ptiloze II) — tyto zmény byly druhové
specifické a odrazily se v bimodalni odpovédi celého fadu v GLM modelu (Fig. 3B
v Ptiloze II). Za zminku zde stoji vyznamny pozitivni vliv pastvy na zvyseni pocetnosti
sarance bélorohé (Gomphocerippus rufus (L., 1758). Ta byla patrné¢ zplisobena
preferenci druhu k nezapojené vegetaci s ploSkami obnazené pudy (Ingrisch a Kohler
1998a), coz jsou podminky vytvarené a udrZzované¢ pohybem dobytka po pastving
(Mladek et al. 2006; Rosenthal et al. 2012). Tento vysledek je v kontrastu se snizenim
pocetnosti druhu pti uplatnéni sece (Fig. 2B v Piiloze 11), kterd nezapojenou vegetaci
nevytvari.

Rady bezobratlych s nizkou mobilitou vykazovaly vyznamné snizeni abundance
po seci, zatimco fady s vys$s$i mobilitou byly seci ovlivnény méné a nékteré (dvoukiidli,
blanok#idli, brouci) svou pocetnost dokonce zvysily (Table 1 v Ptiloze I). ZvySenou
pocetnost v souvislosti se seci mély také nékteré konkrétni druhy motyll, brouki (Table
2 v Priloze I) a rovnoktidlych (Fig. 3C v Ptiloze II). Reakce mnoha tadii 1 druht vSak
byla negativni, coz je v souladu s tim, ze se¢ zplisobuje pfimou mortalitu (Humbert et
al. 2010), vyraznou zménu mikroklimatickych podminek (Gardiner a Hassall 2009),
redukci potravnich zdroji (Cizek et al. 2012) a zvyseni rizika predace (Braschler et al.

2009). Pozitivni okamzita reakce na seC zjiSténd u nékterych taxonli je patrné
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metodickym artefaktem. JelikoZ se¢ bezprostfedné likviduje potravni zdroje a vytvari
nepiiznivé podminky na stanoviSti, mobilni bezobratli se snazi najit nové potravni
zdroje nebo nova stanovisté (Hossain et al. 2002), coz vede k jejich zvySenému pohybu
po lokalité a vyss$i Sanci, ze se chyti do pasti. Zaroven se na Cerstvé posecené louce bez
kvéth zvysuje atraktivita zlutych misek.

Zmény v druhové bohatosti funkénich skupin brouk v reakci na se¢ byly
rozdilné (Fig. 4 v Ptiloze I). PocCet lesnich druhti se seci klesal, zatimco pocet druhti
otevienych stanovist dosahoval maxima pfi stiedni intenzit¢ sece. Nektarofagové
s faktorem se¢ svou druhovou bohatost zvySovali, herbivoifi naopak snizovali. Negativni
efekt sece na pocet druhii lesnich brouku (ktetfi do travinnych spolecenstev pronikali
z blizkych okolnich lesti) neni piekvapivy — tyto druhy, pfivyklé zastinénému a
vlhkému prostiedi, byly patrné vice zasazeny zménou podminek po seCi. Nejveétsi
mnozstvi druhi otevienych stanovist zjiSténé pii stfedni intenzité seCe mtize byt
vysvétleno koexistenci maximalniho mnoZstvi druhti diky potlacené kompetici pti
sttednich hodnotach disturbance (intermediate disturbance hypothesis, Wilkinson
1999). Snizujici se bohatost herbivort lze vysvétlit redukci jejich potravnich zdrojhi a
zménou podminek prostiedi (Gardiner a Hassall 2009; Cizek et al. 2012). Narist poétu
misek na posecené louce bez kvétu.

Dlouhodoby efekt hospodafeni na plochach byl testovan pomoci rarefakénich
kiivek (Fig. 5 v Ptiloze I). Vys8i druhova bohatost broukli a motylii byla zaznamenéana
na plochach obhospodafovanych seci a seci v kombinaci s pastvou, zatimco na plochach
pouze pasenych nebo neobhospodatfovanych byla niz§i. Dulezité je podotknout, Ze
v obou piipadech se jednalo o extenzivni typ hospodafeni (se¢ jedenkrat ro¢né a pastva
se zatézi 0,82-0,84 dobytCich jednotek na ha). Se¢, ackoli zpusobuje mortalitu
bezobratlych (Humbert et al. 2010), je efektivni v potlaceni kompetitivné siln€jSich
druht rostlin, zejména trav (Gibson 2009; Mladkova et al. 2015). Vysledkem je zvySeni
diverzity kvetoucich dvoudéloZznych rostlin, ndsledované zvySenim diverzity hmyzu
(Strong et al. 1984; Knops et al. 1999). Extenzivni seC se tedy jevi jako vhodny zptsob
obhospodatovani luk s cilem podpory populaci bezobratlych (Rundlof et al. 2008; Cizek
et al. 2012). Naproti tomu samotna pastva skotu o nizké intenzité zjevné neni schopna
potlacit kompetitivni rostliny — jednak dochazi k nedostate¢nému ptepaseni celé plochy,
jednak k vraceni Casti zivin zpét na pastvinu ve formé trusu (viz Mladek et al. 2006;

Mladkova et al. 2015). Soucasné (nebo stiidaveé) praktikovani pastvy a sefe na stejnych
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plochidch kombinuje vyhody obou typii managementu — potlaceni dominantnich trav
seCi, vytvoreni heterogenniho pastvinného porostu stadou mikrohabitatli, vyrovnany
pomér Zivin (Mladek et al. 2006; Mladkova et al. 2015).

Dale jsme se zaméfili na testovani vlivu liniovych krajinnych prvki, konkrétné
travnatych mezi a remizkll se stromy. VétSina fadi bezobratlych vykazovala vyssi
abundance bliZze k mezim a remizkim (Table 3 v Ptiloze I, Table 6 a Fig. 4 v Ptiloze 1I).
Témét vSechny druhy motyli zvySovaly svou pocetnost smérem k mezim a remizkim,
zatimco zmény pocetnosti ¢meldkli a broukii byly smisSené, druhové specifické (Fig. 6
v Ptiloze I). Meze a remizky mohou byt pro hmyz atraktivni z diivodu stalejSiho
mikroklimatu a tkrytu pied vétrem a predatory (Maudsley 2000; Merckx et al. 2009).
Zaroven ptredstavuji pro mnozstvi druhti migra¢ni koridor (Davies a Pullin 2007) a jako
ekotondlni biotopy mohou ptfirozené hostit vice druhli (napt. Ewers a Didham 2006).
Mohou téz fungovat jako refugia pti sei — vyznam nesecenych refugii pro luéni hmyz
je nesporny (Humbert et al. 2012). V piipadé zastupci hmyzu zvySujicich své
abundance smérem do stiedu ploch se patrné jednalo o druhy se silnou vazbou na
oteviena stanoviste.

Na zakladé vyse uvedenych zjisténi a v souladu s autory podobnych studii (napf.
Merckx et al. 2009, 2010; Fabriciusova et al. 2011; Cizek et al. 2012; Humbert et al.
2012; Bruppacher et al. 2016; Buri et al. 2016) doporucujeme pro obhospodarovani
podhorskych luk respektovat nasledujici doporuceni:

1) Termin see posunout na pozd¢jsi vegetacni obdobi, aby vétSina bezobratlych stihla
dokoncit sviij vyvoj a rozmnoZit se. Jako vhodné se jevi provadét se€ od druhé poloviny
cervence dale, idealn¢ ale az od srpna ¢i zafi. Navic je velmi zadouci se¢ rozlozit do
delsi ¢asové doby tak, aby vegetace na prvné seCenych loukéch stacila aspon ¢astecné
dortist, nez budou poseceny naposled secené plochy. Samoziejmosti je nizka frekvence
seCe — tnosna je jen jedna az dvé sece rocné.

2) NeposecCen¢ pasy ponechané do dal§iho roku poskytnou utocisté (refugia) Siroké
Skale druht. Pozitivni efekt pro bezobratlé bude nejvyssi, pokud budou tyto pasy
ponechany podél liniovych krajinnych prvki, jako jsou travnaté meze, remizky nebo
lesni okraje.

3) Liniové krajinné prvky typu remizkd ¢i mezi mohou znatelné¢ zvySit abundance
hmyzu (a nepochybné 1 dalSich Zivo¢ichi) v agroekosystémech, zejména

prostiednictvim zvysSené krajinné heterogenity. Proto je Zadouci jejich ztizovani.
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4) Pastva je Casto doporucovadna jako vhodnd alternativa k seCi. Na zéklad¢ naSich
vysledki je jeji efekt v podhorskych pastvinach nejlepsi v kombinaci se seci (tzn.

provadet oba managementy na plose soucasné anebo je mezisezonng stiidat).

5.2. Ekologie sarance némecké a sarance vrzavé — piiklad druhi
zavislych na obhospodaiovani krajiny

Izolovana populace saranée némecké v Ceském stfedohoii je mala se znaénymi
mezirocnimi fluktuacemi (odhad velikosti populace byl 136 dospélct pro rok 2008, 70
pro rok 2009 a 122 pro rok 2010, coz predstavuje mezirocni rozdil 49 %; podrobné&;ji
v Ptiloze II1). Do jaké miry je takovato populace zivotaschopna je sporné, odhady MVP
(minimum viable population) se rizni (srovnej Wagner 2000; Traill et al. 2007; Flather
et al. 2012; Jamieson a Allendorf 2012). Témé&f vSechny populace saranc¢e némecké na
severnim okraji aredlu ¢itaji méné nez 300 jedinch a Ziji na drobnych izolovanych
ostrovech vyhfevnych stanovist' (napf. Hess a Ritschel-Kandel 1992; Zoller 1995;
Maier 2003; Holusa et al. 2009). Tyto zbyl¢ periferni populace ve stiedni Evropé jsou
zjevné¢ ohrozeny vyhynutim a snahy o jejich ochranu se budou potykat s obdobnymi
problémy. V nasi nésledné analyze jsme se pokusili z demografickych dat ziskat
empirickou podporu pro managementova opatieni, ktera jsou pro cilenou ochranu druhu
potiebna.

Linearni smisené modely (LMM) dolozily prikazny pozitivni efekt teploty na
prezivani dospélct sarance némecké (Table 2 v Piiloze III). Zavislost vyvoje vajicek a
nymf sarance némecké na teploté¢ publikoval jiz diive Wagner (2000). Tento druh
sarance je obecné povazovan za velmi termofilni (Zoller 1995; Wagner et al. 2005).
Hlavnim ohrozujicim faktorem druhu je proto zartstani lokalit dfevinami a dalsi
vegetaci (Hess a Ritschel-Kandel 1992; Zoller 1995; HoluSa et al. 2009), které
prostiednictvim stinéni sniZuji teplotu na lokalité a zplisobuji zdnik vhodného biotopu.
Je tedy potieba odstranit naletové dieviny a pokud moZzno regulovat sukcesni zartistani
lokalit pastvou koz a ovci. Tento typ hospodaieni v minulosti patrné udrzoval znacnou

cast lokalit ve vhodném stavu, ptipadné 1 rozsitoval jejich rozlohu.
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V navazujici studii jsme se zaméfili na demografii a biotopové preference
sarance vrzavé ve Vsetinskych vrSich (Piiloha 1V). Dle vysledka multistate modelii,
zkonstruovanych z CMR dat z roku 2011, bylo pfezivani dospé€lcti nejvice ovlivnéno
hustotou vegetace, jeji vySkou, proporci obnazené ptidy a teplotou (Table S3 v Ptiloze
IV). Déle jsme porovnavali pravdépodobnost pfezivani na dil¢ich plochach v ramci
jednotlivych lokalit a pravdépodobnost pfesuntt mezi plochami (Table 2 v Ptiloze 1V)
ve vztahu k vegetacnim charakteristikdm ploch (Table S4 v Priloze 1V). Vyssi
pravdépodobnost prezivani a imigrace byla obecné na plochach sftidkou a nizkou
vegetaci. Jako klicova se ukazala hustota vegetace — sarance prednostn¢ migrovaly na
plochy s f1dsi vegetaci i v piipadé, kdy zde byla vyssi nebo stejnd vyska vegetace jako
na sousedni ploSe. Také se ukazalo, Ze na vSech 4 lokalitdich vykazovala plocha s vys$si
pravdépodobnosti prezivani vy$$i pomér bylin oproti travindm. Jelikoz se sarance
vrzava zivi dvoudéloznymi bylinami, pfevazné z ¢eledi hvézdnicovitych a mifikovitych
(Ingrisch a Kohler 1998a; Kocarek et al. 2013), Ize tento trend vysvétlit dostupnosti
potravy (viz Masloski et al. 2014).

Data z vyhodnoceni pfitomnosti sarance vrzavé na 179 loukach a pastvinach
zroku 2012 byla testovdna pomoci GLM modeli. Vysledny parsimonni model
obsahoval tfi vysvétlujici proménné: hustota vegetace, orientace svahu na vychod a typ
obhospodafovani intenzivni pastva ovci (Table 3 v Piiloze 1V). Model vysvétlil 33,4 %
variability v datech. VSechny tfi proménné mély negativni vliv na abundanci
zkoumaného druhu. Hustota vegetace byla nejdalezitéjSim prediktorem v modelu, sama
vysvétlila 30 % variability. Samostatné efekty jednotlivych faktori na pfitomnost
sarance vrzaveé na lokalité testovaly dilci GLM modely (Fig. 2 a Table 4 v Ptiloze 1V).
Z 19 testovanych faktori bylo 15 statisticky prikaznych. Ukazuji preferenci sarance
vrzavé k jiznim svahim s vysokym sklonem, fidkou a nizkou vegetaci a vyznamnym
podilem obnazené pudy. Ptiznivymi formami hospodafeni byla extenzivni pastva ovci a
extenzivni se¢, zatimco nevhodné byly intenzivni nitrofilni pastviny ovci ¢1 skotu a
intenzivné secené louky.

Jizni svahy s fidkou nizkou vegetaci a ploskami obnazené pidy jsou zjevné
preferovany kvili jejich vyhfevnému mikroklimatu, které je potfebné pro GspéSny vyvoj
vajiCek a nymf sarance vrzavé (Hemp a Hemp 2003; Weibart a Fischer 2006). Také
aktivita dospélcii je vdzdna na teplé slunecné pocasi — jak jsme se sami mnohokrat
presvédcili, po preruseni slune¢niho zafeni oblacnosti jejich aktivita ustavd témét
okamzité. Navzdory této termofilii sarane vrzava neni druhem obyvajicim mlada
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sukcesni stadia vegetace. Vyzaduje specificky stabilni biotop ve stiedni fazi sukcese
travobylinné vegetace (Kolb a Fischer 1994; Bonsel a Runze 2000; Hemp a Hemp
2003), kde ristu vysoké a husté vegetace brani piirodni nebo antropogenni podminky.
To je dilezity rozdil oproti ptfibuznym termofilnim druhiim saranci, jako Oedipoda
caerulescens (Linnaeus, 1758) nebo Sphingonotus caerulans (Linnaeus, 1767), které
preferuji inicidlni sukcesni stadia (Ingrisch a Kohler 1998a; Kocarek et al. 2013). Na
rozdil od zminénych dvou druhli ma sarance vrzavad velmi nizkou mobilitu (ndmi
zaznamenany nejdelsi pfelet v roce 2010 byl 180 m; 82 % zaznamenanych piesunti bylo
kratSich neZ 70 m), coZ ji znevyhodiiuje v kolonizaci novych lokalit.

Sarane vrzava je ohrozena ztratou biotopu jejich zartstanim v disledku
upusténi od hospodaieni, ptipadné jejich likvidaci v disledku intenzifikace (Buchweitz
1993; Kolb a Fischer 1994; Weibart a Fischer 2006). Proto v souladu s citovanym
autory navrhujeme managementova opatieni potfebna pro udrzeni zbylych lokalit nebo
obnoveni téch zaniklych. Hospodafeni by mélo byt na vhodnych lokalitach provadéno
tak, aby bylo docileno vySe zminénych biotopovych preferenci druhu — fidkého porostu
s ploSkami obnazené ptdy. Jako nejvhodnéjsi se jevi extenzivni pastva, ktera vytvaii
spektrum mikrohabitatli v€etné ploSek obnazené pudy (Mladek et al. 2006; Rosenthal et
al. 2012). Dalsi (Casto dostupnéjs$i) moznosti je se¢. Méla by byt provadéna postupné
s ponechanim neposecenych refugii, které snizuji mortalitu vyvolanou procesem sece
(Humbert et al. 2012) a zvysuji biotopovou heterogenitu. Dle naSich zkuSenosti jsou
spravny zpiisob a intenzita hospodateni odvislé od substratu na lokalit¢ — pokud je
kamenity a netzivny, postaci ob¢asné poseceni nebo piepaseni, pokud je vSak na Ziviny
bohatsi, je potfeba uplatnit dlouhodobé&;si pastvu nebo pastvu v kombinaci se seci.

SaranCe vrzava se jevi jako vhodny vlajkovy a deStnikovy druh xerotermnich
podhorskych pastvin. Uzndvanym vlajkovym a deStnikovym druhem tohoto biotopu jiz
je modrasek cernoskvrnny, Phengaris arion (Linnaeus, 1758) (Simcox et al. 2005;
Spitzer et al. 2009). Oba uvedené druhy jsou zavislé na zeméd€lském hospodaieni (nebo
jeho emulaci pomoci ochrandiskych zasahii) a ¢asto se vyskytuji spole¢né (Nagy et al.
2005; Spitzer et al. 2009). Biotopové optimum modraska cernoskvrnného vsak lezi
v mirn¢ starSich sukcesnich stadiich (Varga-Sipos a Varga 2005; Spitzer et al. 2009).
Bylo by tedy vhodné udrZzovat cenny biotop xerotermnich podhorskych pastvin tak, aby
vyhovoval obéma druhtim. Tento tandem deStnikovych druht (,,umbrella tandem*) by

mohl efektivné pomoci v zachovani biodiverzity xerotermnich podhorskych pastvin.
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6. ZAVER

V &asti predlozené disertacni prace vénované problematice vlivu hospodateni na

podhorska spolecenstva bezobratlych jsem dospél k témto zaveérim:

Se¢ a jeji terminovani v priabéhu vegetacni sezony méla vyznamny vliv na
strukturu spolecenstev bezobratlych.

Okamzity efekt pastvy se projevil na zméné pocetnosti jen v piipadé nekterych
druht rovnokfidlych, pfi€emz ¢ast druhti pocetnost zvySovala, ¢ast sniZovala.
Okamzity efekt seCe mél za nasledek snizeni celkovych abundanci, nejvyraznéjsi
pokles byl u tadt bezobratlych s nizkou mobilitou.

Druhova bohatost broukti otevienych stanovist' dosahovala maxima pfi sttedni
intenzité sece.

V dlouhodobém méfitku vedla ke zvySeni druhové bohatosti studovanych skupin
seC a kombinace seCe spastvou. Na plochach pouze pasenych nebo
neobhospodatovanych byla druhova bohatost nizsi (jednalo se vSak o extenzivni
se€ a velmi extenzivni pastvu).

Abundance témét vSech taxonil bezobratlych se zvySovaly smérem k travnatym
mezim a remizkiim se stromy. Pfitomnost mezi a remizkd tedy podporuje

biodiverzitu zemédélské krajiny.

V ¢asti vénované problematice vybranych ohrozenych druhii saranci jsem dospél

k témto hlavnim zavéram:

Pocetnost izolované populace sarance némecké na vrchu Kostal je nizka (okolo
100 jedincil) a se znanymi meziro¢nimi fluktuacemi v pocetnosti (meziro¢ni
rozdil 49 %).

Byl prokazéan pozitivni efekt teploty na pfeZivani dospélci sarance némecké.
Propopula¢ni managementova opatieni by proto méla podporovat xerotermni
charakter stanovist’ a zamezit jejich zartistani.

SaranCe vrzava preferuje jizni svahy sftidkou nizkou vegetaci a ploSkami
obnazené pudy, pficemz klicovym faktorem, ktery ovlivituje pfitomnost druhu
na stanovisti, je hustota vegetace.

Managementova opatieni k udrzeni populaci tohoto ustupujiciho druhu by méla

byt postavena na obnové extenzivniho hospodafeni na zbyvajicich lokalitach
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sarance vrzave, piripadné na potencidlné vhodnych biotopech v blizkém okoli.
Mélo by se jednat o extenzivni pastvu ovci Ci skotu, piipadné pastvu

kombinovanou se seci.

Vyznamny pokles druhové rozmanitosti, ktery pozorujeme v poslednich
dekéddach v Evropé, se tyka zejména druhi vazanych na pfirozena a polopiirozend
bezlesi (Erhardt a Thomas 1991; Benton et al. 2003; Biesmeijer et al. 2006), ptipadné
druhii zachovalych pralesi (Paillet et al. 2010). Téchto typu stanovist’ ze dvou opacnych
koncti sukcesni fady je v souCasné krajin¢ nedostatek. V této praci jsem se zaméfil na
bezlesé biotopy a s nimi spojena spolecenstva bezobratlych zivocichti.

Na bezlesé biotopy je vazana vétSina druhi rovnokfidlych (Kocarek et al. 2013)
a dennich motyli (Bene§ et al. 2002) Ceské republiky. Pouze 2 az 3 ze 40 druhd
rovnokiidlych uvedenych v ¢erveném seznamu CR (Holusa et al. 2017) jsou druhy
lesni, zbytek je vazany na bezlesi. Z druhi dennich motyll, zatfazenych v cerveném
seznamu CR (Bene§ a Konvicka 2017) jako vyhynulé nebo kriticky ohroZené, je
Ctvrtina spojovéana s fidkymi svétlymi lesy a tfi Ctvrtiny Ziji na bezlesych biotopech.
V jinych skupinach (napiiklad brouci a blanokitidli) neni pfevaha nelesnich druhii tak
vyrazna, presto je zfejmy vyznam nelesnich stanovist’ pro fadu ohroZenych druh.

Pro zachovani zbytku téchto biotopli jsou zasadni extenzivni formy
zemédeélského hospodareni (tzv. tradi€ni zemédélstvi nebo jeho obdoba). Okamzity
efekt hospodareni (piedev§im seCe) na bezobratlé je sice negativni, protoze predstavuje
nahlou disturbanci, ktera zplsobuje zménu podminek a mnohdy i pfimou mortalitu
bezobratlych. Je ale evidentni, Ze tyto disturbance jsou nutné pro zachovani bezlesych
biotopli a organismi, které jsou na n¢ vazany. Bez aktivniho hospodateni bezlesé
biotopy zartstaji ruderdlni vegetaci, az se nakonec méni v les. Pfeména nevynosnych
luk a pastvin na lesy je v soucasnosti urychlovana také statem dotovanym zalesiiovanim
(Tkacikova et al. 2013). Tyto nevynosné pozemky jsou piitom casto hodnotné
z hlediska biodiverzity a vyskytu ohroZenych druhti organismd.

Z vyse uvedeného je ziejmé, pro¢ bezlesa stanovisté zasluhuji ochranu. Dnes jiz
vime, Ze pro ochranu vétSiny bezlesych biotopil je nutné obhospodafovani (ale nebylo
tomu tak vZdy, viz napt. Skodlivé pokusy o bezzasahovost v NPR Mohelenska hadcova
step — Vesely 2002). Jak nejlépe nastavit parametry hospodateni, aby byla podpotena

biodiverzita, se snazime stale zjistit. K tomuto poznani ptispéla 1 predloZzend prace
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svymi konkrétnimi doporuCenimi. Zjevné je, Ze piistupy se budou liSit podle
konkrétnich stanovistnich podminek a jednotlivych cilovych druhti nebo skupin, které
chceme na lokalité podpofit.

Asi jedinym obecné platnym principem je zajiSténi co nejvyssi heterogenity —
v prostoru 1 v Case. Heterogenitu zajiStuje jemna krajinnd mozaika, rozriiznénost
v nacasovani a intenzité hospodafeni a mikrohabitatové rozdily dané riznou expozici,
sklonem ¢i dalSimi faktory. Biotopova heterogenita je povazovana za kli¢ k uchovani
biologické rozmanitosti v Evrop¢ (Benton et al. 2003). Navratu krajinné heterogenity by
napomohla asponn ¢asteCna, pomistni, obnova diivéjSich extenzivnich zpisobl
hospodateni Clovéka v krajing, ¢i né¢jakd forma ,,emulace* tohoto hospodareni. Slibné
vypadaji také projekty navraceni velkych herbivorti do krajiny (Dostal et al. 2014;
Naundrup a Svenning 2015), ¢imz se v urCitych krajinnych vysecich navozuji podminky

podobné stavu jesté pred prichodem zemédélstvi.
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Abstract. The rich species pool in semi-natural grasslands is associated with high spatial and temporal heterogeneity. This empirical
study is one of the first to jointly analyze the response of orders, individual species and functional richness of arthropods to particular
management practices and to linear landscape features, such as strips of grass and belts of trees. Mostly it was the less mobile, flightless
taxa that were negatively affected by immediate disturbance caused by mowing. At a larger time-scale, grasslands managed by mow-
ing once every year, and especially by a combined regime of mowing and grazing, supported the highest species richness of butterflies
and beetles. Most functional diversity measures reached maximum values soon after mowing. Both strips of grass and belts of trees
substantially affected the invertebrate community structure as the majority of taxa were positively associated with these linear features.
Based on our results, we propose postponing mowing to later in the year, mowing in gradual stages, maintaining uncut strips primar-
ily along permanent landscape features and establishing both strips of grass and belts of trees in submontane grassland environments.

INTRODUCTION

A substantial proportion of the Central European bio-
diversity occurs in semi-natural grasslands. Existence of
this widespread type of open habitat is dependent on dis-
turbance, which prevents succession towards forest. Non-
forest areas were traditionally maintained by grazing and
hay-making (Duffey et al., 1974). Both types of land use
differed in terms of intensity of use, which often fluctuated
in space and time, creating a wide spectrum of microhabitats
and promoting 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 spa-
tial and temporal heterogeneity. This resulted in a depletion
of originally diverse communities of grasslands. Former
meadows and pastures were either transformed into con-
solidated blocks of arable land and productive grasslands,
or were abandoned and gradually overgrown by forest
(Stoate at al., 2001, 2009; Robinson & Sutherland, 2002).
Currently, over 50% of the earlier extent of grasslands has
been lost in the Czech Republic (Skalos, 2006). Not only
the loss of area but also structural changes (Skalos et al.,
2011) in the remaining or even newly formed grasslands
may be the reason for the noticeable decline in diversity
(Benton et al., 2003; Holusa, 2012). Persistent fragments
of former grasslands are mainly merged into blocks of land
that are on average 5—10 times larger than half a century
ago (Plesnik & Stanikova 2001). Former hedgerows, buft-
er strips of grass and trees, important elements of spatial
heterogeneity, were lost during the collectivisation of land
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that culminated in the 1970s and 1980s (Konvicka et al.,
2008). Temporal heterogeneity rapidly declines as modern
hay harvesting machinery removes grass from extensive
areas in a very short time span (Cizek et al., 2012; Buri
et al., 2014). Despite the above, semi-natural grasslands
still play a key role in the preservation of a considerable
part of non-forest biodiversity associated with the cultural
landscape in Europe (Poschlod & WallisDeVries, 2002;
Woodcock et al., 2005; Baur et al., 2006).

In this study we evaluate the association of invertebrate
communities in submontane meadows and pastures in the
Czech Republic with agricultural management and local
landscape structure. There is an extensive literature on the
association of particular taxa of invertebrates with mow-
ing, grazing and landscape structure (e.g., Schmidt et al.,
2005; Ekroos et al., 2010; Humbert et al., 2010). However,
studies on the complex effect of often combined manage-
ment practises and landscape complexity on real farmland
conditions are noticeably scarcer. The majority of these
studies are on one or a few taxonomic groups, not on the
whole range of arthropod taxa (but see Kruess & Tscharn-
tke, 2002; Debano, 2006; Sjodin et al., 2008; Cizek et
al., 2012). Moreover, relatively little is known about the
functional consequences of agricultural management.
Functional diversity (FD) can be defined as the range, dis-
persion, and relative abundance of functional traits of or-
ganisms in a given ecosystem (Mouchet et al., 2010). As
the consensus is that high diversity (functional diversity
included) ensures more complex ecosystem services (e.g.,



Cadott et al., 2011; Isbell et al., 2011) we included FD in
our study.

We evaluated the association of the community structure
of invertebrates with various types of grassland manage-
ment, with particular reference to both the immediate ef-
fects of mowing and grazing and the long-term effects of
each management treatment. Additionally, we focused on
the effect of local landscape structures (i.e., strips of grass
and belts of trees and shrubs). Arthropod communities
were investigated at two taxonomic levels: (i) number of
individuals belonging to each of the orders, and (ii) abun-
dance of beetles (Coleoptera), butterflies and burnet moths
(Zygaenidae) of Lepidoptera, and bumblebees of Hyme-
noptera.

MATERIAL AND METHODS

Study area

This study was carried out in a submontane area (ca. 750-800
m a.s.l.) in the Hruby Jesenik Mts, in the north-eastern part of
the Czech Republic. The permanent grassland (50°6°39"N,
17°3"14"E) close to the village Nové Losiny is almost completely
surrounded by extensive forest and covers an area of about 180
ha. The research area was situated in the eastern, more heteroge-
neous and better preserved part of this grassland complex (80 ha),
with semi-natural hay meadows and pastures managed as part of
the Czech agri-environmental scheme (AES) for at least 5 years
(Fig. 1). Units of land are usually bounded by strips of grass or
belts of trees.

Arthropods studied

We investigated the effects of agricultural management and
local landscape structure on arthropods. First, we recorded the
numbers of individuals in all the invertebrate orders that were
abundant in the samples. This required less time and effort (An-
dersen, 1995) but, nevertheless, provided an indication of the re-
sponses of the whole community to environmental change (i.e.,
management). Recent studies indicate that taxonomic diversity
determined on the basis of the proportion of the different orders in
a community can be used to indicate environmental changes (e.g.,
Biaggini et al., 2007; Tanabe et al., 2008).

Second, we focused in detail on three groups of insects with
different life histories, all of which are often used as models in
conservation studies. Butterflies and burnet moths (Zygaenidae),
bumblebees and cuckoo-bees of the subgenus Psithyrus (sensu
Cameron et al., 2007) and Coleoptera. All three groups are viewed
as important bioindicators of treeless habitats. Since these groups
differ in their life histories and occupy different functional niches
they may respond differently to various management practices as
well as other habitat characteristics.

Sampling method

We used yellow pan water traps (YPWT; Moericke, 1951) de-
ployed along transects across all patches. Although YPWT are
generally used for sampling flower-visiting insects (Kuras et al.,
2000; Monsevicius, 2004; Campbell & Hanula, 2007; Wilson et
al., 2008) they provide a standardized method of sampling mainly
flying insects at different sites (Wilson et al., 2008). Moreover,
previous studies successfully used this method for other guilds
of invertebrates, e.g., Homoptera (Mochida & Suryana, 1976;
Boiteau, 1990), Arancae (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

Management
grazing
mowing
B combination
[ without treatment
— YPWT transects

Fig. 1. Map showing the location of the study area in the Czech
Republic, positions of patches with different long-term manage-
ment treatments and positions of transects within the patches.

plus commercial detergent). They were placed on the ground and
the surrounding vegetation was cut and removed in a circle (d =
1 m) around the trap to avoid shading and biased sampling. The
YPWT were operated from the end of May until the end of Au-
gust in the first season of the 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 in the spring of 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 sorted to orders and counted.
Butterflies, bumblebees and beetles were identified to species,
except the small herbivorous beetles, which were identified to
family level (mostly Mordellidae, Nitidulidae, some representa-
tives of Chrysomelidae). These specimens were only included in
the analyses at the level of orders. The nomenclature followed
the 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 graz-
ing on arthropods. Grazing intensity was lower than 1 cow/ha
(specifically in the grazed patches it was 0.82 and 0.84 cows/ha).
The meadows were not fertilized and were cut once a year using
a roller mower without conditioner (cutting height 6 cm). In the
first year of the study (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 in mid-June and lasted for 30 days. The
sites subjected to both 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 Septem-
ber. At the “no management” patches the vegetation cover was
left uncut and was not grazed throughout the vegetation period
(but was mown in late autumn).

The design of the survey consisted of 12 patches of grassland
arranged in three units each of which included the four manage-
ment treatments (Fig. 1).

The patches were situated on plains or gentle slopes. The study
plots selected were at similar altitudes (from 750 to 780 m a.s.l.)
and inclinations. Average size of the patches was 2.38 ha (the
smallest covered an area of 1.16 ha, the largest 4.81 ha). All the
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patches were delimited by distinct boundaries — belts of trees, for-
est edges or strips of grass. We distinguished two types of bound-
aries: strips of grass and belts of trees. The strips of grass were
perennial treeless strips (width 5-10 m) and belts of trees were
strips with mature trees that provided shade (width 10—15 m).

Transects ran from one edge of a particular patch (formed ei-
ther by strip of grass or belt of trees) towards another edge. The
distance between traps was 20-25 m. There were a total of 35
traps in the mowed patches, 11 in the grazed patches and 13 in the
patches subjected to a combination of grazing and mowing. There
were 21 traps in patches that were not managed during the vegeta-
tion season and 8 traps in the linear boundaries to the patches (i.e.,
strips of grass or belts of trees). The number of traps in each patch
of a particular management treatment corresponded to the area of
the patches subject to that particular treatment.

Data arrangement

We first studied the community structure of grassland inver-
tebrates associated with the different grazing and mowing treat-
ments. The explanatory variables were mowing and grazing, both
of them tested in interaction with time (to control for seasonality).
Mowing was coded as an 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 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 based the time the sward took to recover
after treatment, which was recorded during regular fieldwork.
The factor grazing was a binary variable, as grazing intensity was
low and equal at all sites. Time was individually coded for each
collection date as the number of days since the beginning of the
year. Replication units for these analyses were the samples for
each collection date (a total of 20 collections, 10 for each of the
two seasons of this study) pooled for each of the 12 patches.

We then focused on long-term effects of four types of man-
agement (i.e., mowing, grazing, both treatments, no management
during the vegetation season) on the number of species and orders
recorded on the areas subjected to the different treatments. These
were investigated by comparing the rarefaction curves of the four
management treatments. In this case, all the samples collected for
particular management sites were pooled.

Finally, the effect of the two linear landscape structures was as-
sessed using ordination. The distances in metres from the nearest
strip of grass and belt of trees were individually recorded for each
YPWT. Therefore, the replication unit was each trap (i.e., all the
samples from a particular trap collected during the experimental
period were pooled).

The response variables used in the ordination analyses and
GLM were (i) number of individuals belonging to each order of
invertebrates and (ii) number of individuals of each species be-
longing to the three targeted groups. Pooled numbers of repre-
sentatives either of orders or of species within the three groups
was used for the construction of rarefaction curves.

To remove negative effect of possible confounding factors on
the trap samples we used abundance of flowers and degree of
shading as covariables in all partial ordination analyses. We re-
corded the abundance of flowers for each trap during the regular
collection of samples, obtaining four values according to the es-
timated number of flowers within a 5 m diameter circle around a
trap. The categories of abundance were: <10 flowers (1), 10-100
fl. (2), 100-1000 fi. (3), > 1000 fl. (4). There were three catego-
ries of shading based on the distance of each trap from a belt of
trees, from low (1) through medium (2) to high (3). In addition,
the distances from each type of linear element were included as
covariables in the analyses of the effect of management, and man-
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agement was included as covariable when determining the role
of local landscape structure. All covariables were selected using
forward selection.

Functional diversity analyses

We calculated functional diversity (FD) using indices of 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 a giv-
en assemblage; (b) Functional evenness — which describes how
regularly species abundances are distributed in functional space.
(c) Functional divergence — which defines how far high species
abundances extend from the centre of functional space (Mouchet
etal., 2010). We analyzed the FD of the beetle community in rela-
tion to mowing only, since the previous GLM revealed very weak
responses to grazing (see Table 1). The other two groups were ex-
cluded from these analyses as their representatives are too similar
to each other in terms of the functional traits measured (e.g., all
bumblebees are comparable in flight ability, both their larvae and
imagoes feed on nectar and pollen; all butterflies consume nectar
and their caterpillars are herbivores).

For the calculation of FD we selected the following species
traits: trophic group, habitat association and mobility of imagoes
(see Appendix 1). Species feeding on nectar and pollen were clas-
sified as “nectarivores”, those depending predominantly on living
plant tissues were categorized as “herbivores’ whereas those con-
suming mainly dead plant litter and/or facces were categorized as
“saprophagous”. The category “necrophagous” included mainly
carrion-feeding species and “omnivores” species feeding on a
broad spectrum of different kinds of food. Moreover, species were
divided into 4 groups according to their prevailing occurrence in
particular habitats: forest, open habitats, ecotones, mosaic land-
scapes and euryoecious species (i.c., habitat generalists). Finally,
mobility was scaled as: 1 — low (local, sedentary species includ-
ing all brachypterous beetles), 2 — high (vagile macropterous spe-
cies, migrants). These functional traits were selected because they
characterize a species interaction with and exploitation of an eco-
system. The species-specific characteristics were obtained from:
Balthasar (1956), Tesat (1957), Smreczynski (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 &
Pulpan (2006), Shields et al. (2009), Kubisz & Svihla (2013) and
Miquel & Vasko (2014).

Using species-specific features and the abundance of each spe-
cies in a sample we calculated the functional richness, evenness
and divergence (function dbFD, FD package in R). These indi-
ces were calculated for all traps in areas with the same level of
“mowing effect” (i.e., 1-0.5-0.25-0, as the effect of mowing de-
creased over time) pooled together. Using the same pooled data
we constructed regression models of functional groups and their
associations with mowing. Associations of the species richness
of each functional group with a particular level of mowing was
divided by the total species richness of a given functional group
at all levels of mowing. This should standardize the final values
of species richness among the different functional groups to a par-
ticular level of mowing. Square root transformation was used to
normalize the distribution of the residuals.

Statistical analyses

We used ordination to investigate the association of invertebrate
community structure with the different management measures
and landscape components. Ordination analyses were conduct-
ed using CANOCO (version 4.5.); the length of the gradients in
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Fig. 2. Biplot CCA of the association of the relative abundan-
ce of grassland arthropods (orders) with management variables
tested in interaction with time (time*mowing and time*grazing).
Only the orders with a total abundance >100 individuals were
included in this analysis.

species data was determined either by canonical correspondence
analysis (CCA; the longest gradient >4) or redundancy analysis
(RDA; the longest gradient <3) (sensu Ter Braak & Smilauer,
2002). These were computed in order to relate gradients in spe-
cies composition and abundances to external predictors and deter-
mine the importance of these predictors. Data on abundances of
individuals of the species/orders were log-transformed. We tested
the models using the Monte-Carlo permutation test (2000 per-
mutations with split-plot design restricted to linear transects with
the aim to ensure an independence of repeated collections from
the same traps). Forward selection was used to test environmen-
tal variables. The interactions of the explanatory variables mow-
ing and grazing over time were tested. Covariates included time,

flower abundance and degree of shading and were selected also
by forward selection.

Furthermore, generalized linear models (GLM) with Poisson
distributions were used to assess the effect of a particular fac-
tor (i.e., “mowing”, “strips of grass” and “belts of trees”) on the
abundance of particular orders and abundances of the species in
the targeted groups. In the FD analyses, the relationship between
the representation of a particular ecological trait or FD as re-
sponse variables and the effect of mowing were determined using
a generalized linear model with a Gaussian error distribution and
log link function. Standard errors were corrected using the quasi-
likelihood function. Effects of each explanatory variable were
tested also using its quadratic transformation. Step-wise selection
based on the lowest Akaike information criterion (AIC) was used
to choose the best transformation function for each explanatory
variable. We used an F-test to determine the significance of each
variable since it is a robust test for over-dispersed data.

Rarefaction curves were constructed to show how species rich-
ness or number of orders changes at the sites managed for at least
5 consecutive years using different treatments. Function rarefy
(part of the vegan package in R software) computed the expected
species richness, or number of orders, and their standard error in
random subsamples of a particular sample size.

Data were analyzed using Canoco, v. 4.5 (Ter Braak & Smilauer,
2002) and R software (R Development Core Team, 2011).

RESULTS

The total number of individuals collected was 134,411,
consisting of 16 orders of insects and four taxa of other
arthropods. We included the following orders in the analy-
ses, with the total number of individuals sampled in paren-
theses: Araneae (3,779), Coleoptera (6,342), Collembola
(243), Dermaptera (1,093), Diptera (78,023), Ephemero-
ptera (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, Pleco-
ptera, Psocoptera and Trichoptera) were not included be-

TaBLE 1. Immediate associations of invertebrate taxa to mowing and grazing predicted by GLM (with pooled numbers of individuals
within taxa as dependent variables and two management treatments, mowing and grazing, as explanatory variables). Taxa were catego-
rized on the basis of their mobility. Highly mobile taxa included were mostly the species that can fly and the less mobile group included
mainly wingless taxa. The P-values of the factors that are significantly associated with particular taxa are in bold.

Mowing Grazing
Dispersal taxon Regression coefficient P Regression coefficient . P
B B? B B?

Coleoptera 0.96 53.13 <0.001 0.07 0.04 0.15
Diptera 0.37 22.47 <0.001 —0.04 0.45 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

Highly mobile 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
Araneae —0.45 2.15 0.14 -1.96 3.03 0.08

Less mobile Collembola —25.84 6.20 <0.05 —6.03 0.40 0.47
Dermaptera —-0.02 <0.001 <0.05 0.45 0.01 0.24
Opilionida —-0.97 11.75 <0.001 0.47 1.13 0.30




M .
Al AphDep
Niclnt
>
timexgrazing
DroAgi .
AnaOce ﬂe‘%ﬁfé
id:,fl:p HarAxy ZygFil
Cy Sch ProQua
arsch_ v timexmowing
> " AntQpu
CocSep™
ArgAgl
PhyHora . e
HesCom » ManJur
©
o
1
-0.6 1.1

Fig. 3. Biplot RDA of the association of the relative abundance
of species with management variables tested in interaction with
time (time*mowing and time*grazing). Only species with a fit-
-range >1% are depicted in the ordination diagram. Names of
species are denoted by triangles with acronyms: Adalia bipuncta-
ta (AdaBip), Anatis ocellata (AnaOce), Aphodius depressus (Aph-
Dep), Argynnis adippe (ArgAdi), Argynnis aglaja (ArgAgl), An-
thaxia quadripunctata (AntQpu), Carabus scheidleri (CarSch),
Coccinella septempunctata (CocSep), Dromius agilis (DroAgi),
Harmonia axyridis (HarAxy), Hesperia comma (HesCom), Ly-
caena alciphron (LycAlc), Maniola jurtina (ManJur), Melitaea
athalia (MelAth), Nicrophorus interruptus (Niclnt), Phyllopertha
horticola (PhyHor), Propylea quatuordecimpunctata (ProQua),
Zygaena filipendulae (ZygFil).

TaBLE 2. The immediate associations of individual species of
the target groups with mowing predicted by GLM (with pooled
numbers of individuals within species as dependent variables).
We included only species with total abundance >5 and with sta-
tistically significant or nearly significant associations. Species
with significant associations with mowing have their P-values
and regression coefficients in bold.

Species N F P B AlIC

Aglais urticae 29 3.51 0.06 -2.76 231.52
Anthaxia quadripunctata 82 18.21<0.001 2.89 253.70
Argynnis adippe 7 480 0.03 214 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 5 461 0.03 235 58.14
Hesperia comma 153 6.12 0.01 -1.41 783.28
Lycaena hippothoe 306 4.27 0.04 0.671432.96
Lycaena tityrus 16 494 0.03 -24.58 146.42
Nicrophorus vespillo 164 0.01 0.08 0.061070.41
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 5.38 0.02 -3.391059.61
Propyleaquatuordecimpunctata 7 623 0.01 231 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
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Fig. 4. Modelled association of standardized species richness
with mowing for (a) habitats and (b) trophic functional groups
of beetles predicted by generalized linear model using a gaussian
error distribution and log link function. Species richness of each
functional group in samples from particular mowing treatments
was standardized by total species richness of given functional
group recorded at all intensities of mowing. Only the significant
responses of functional groups are depicted.

cause fewer than 100 individuals were collected, which
indicates an accidental occurrence of these taxa.

Associations with different management practices

The associations of different taxonomic levels, orders
and species, with the different types of management were
determined. The effect of management was also studied at
two different time scales, immediately after a particular
type of management in a given year, and for each of the
four management treatments that have operated for at least
five years.

Immediate effects of managing grassland

Fig. 2 shows the results of the ordination analysis of the
immediate effect on the abundances of particular taxa of
two management practices tested in interaction with time.
The structure of the arthropod communities at the study
sites that were mown and grazed differed (Table 1), with a
significant effect of time*mowing (F = 12.80, P = 0.022).
The gradient along the horizontal canonical axis corre-
sponds to the mobility of the taxa (Fig. 2). The most mobile
taxa are mainly on the right hand side of the diagram (Di-
ptera, Lepidoptera, Hemiptera and Coleoptera), whereas
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the wingless surface-active groups are on the left hand side
(Opilionida, Araneae and Collembola).

Additional GLM analyses supported the hypothesis that
more mobile taxa, such as Mecoptera and Neuroptera,
might not be greatly affected by disturbance due to either
mowing or grazing. Other mobile groups such as Diptera,
Coleoptera and Hymenoptera may even be found in higher
numbers in samples collected from cut sward (Table 1).
In contrast, more sedentary, flightless taxa (Collembola,
Opilionida, Dermaptera) significantly tended to be collect-
ed mainly in plots with undisturbed vegetation (Table 1).
None of arthropod taxa were significantly associated with
cattle grazing (Table 1).

Subsequently, we analyzed the associations with both
mowing and grazing in interaction with time at the species
level using RDA (Fig. 3). Similar to the previous analysis,
the structure of the insect community was significantly as-
sociated with time*mowing (F =2.41, P=0.001), whereas
the association of species abundances with time*grazing
was weak and inconclusive (F = 0.97, P = 0.502). Interest-
ingly, the majority of species seemed to benefit from mow-
ing (Fig. 3, Table 2).

As the previous analyses revealed that the community
structure of arthropods was associated with the recent
mowing event, we included it as the main factor in the
analyses of functional diversity of beetles. Our results re-
vealed a significant increase in functional divergence at re-

cently mowed sites compared to places with tall grass (F =
5.88, P =0.026). Unlike functional divergence, functional
evenness and richness did not change significantly along
the gradient of mowing (F = 0.00, P = 0.9795; F = 3.48,
P =0.059).

Furthermore, we analyzed the changes in the proportion
of particular functional groups of beetles with increase in
the intensity of mowing. Forest species were negatively
associated with mowing (P < 0.001). In contrast, species
associated with open habitats were more abundant in me-
dium-grown swards than in full-grown and recently mown
vegetation (P =0.002) (Fig. 4a). Mowing is associated with
a decrease in the number of herbivorous taxa in samples
(P < 0.001), whereas that of nectarivores increased (P <
0.001) (Fig. 4b).

Effects of long-term management

Rarefaction curves showed that the number of orders
and bumblebee species did not differ substantially in the
different management treatments, but the lowest number
of beetle and butterfly species were recorded in grazed
patches and those not managed. In contrast, the maximum
species richness of both groups was recorded at sites that
were either mown or mown and grazed (Fig. 5).

The role of linear landscape features

The final aim of our study was to determine the associa-
tion of the community structure of arthropods with linear
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landscape features, such as strips of grass and belts of trees
(see above). Therefore, we first constructed a GLM based
on an ordination of the numbers of representatives of all
the orders as a response variable. This revealed significant
associations for the majority of the groups investigated,
which were mainly positively associated with both belts
of trees and strips of grass, in other words, the abundances
of most orders increased the closer they were collected to
either of these linear landscape features (Table 3).

Second, we concentrated on the association of the abun-
dances of particular species of the targeted groups with
belts of trees and strips of grass. Whereas the majority of
butterfly species tended to be most abundant close to both
types of boundaries, many species of beetles increased in
numbers towards the centre of meadows. The associations
of species of bumblebees were mixed (Figs 6a, b, ¢).

DISCUSSION AND CONCLUSIONS

Associations with grassland management

Our results have shown that although the associations of
the different taxa of grassland arthropods with grassland
management differed, there is a general pattern (Fig. 2).
Less mobile groups, especially those unable to fly, such as
Opilionida, Collembola and Araneae, were negatively as-
sociated with mown areas (Fig. 2, Table 1). These groups
might be strongly affected by mowing because of its di-
rect effect on their survival (Humbert et al., 2010, 2012)
and the quality of the habitat, due to their limited mobil-
ity compared to winged groups. In contrast, the abundance
of some highly mobile groups (Coleoptera, Diptera, and
Lepidoptera) tended to increase in cut areas (Fig. 2, Table
1). This trend was apparent also at the species-level (Fig.
3, Table 2) as all taxa assessed belong to winged groups,
with only a few exceptions in the Coleoptera (e.g., some
Carabidae and Curculionidac). We suggest the following
explanations for this trend:

First, mowing immediately depletes the majority of the
food sources (Cizek et al., 2012). Simultaneously, the taxa
that showed a positive association with mowing belonged
mainly to groups consisting of highly mobile species. A
depleted food supply may drive the mobile species to seek
more suitable patches with plentiful resources (Hossain et
al.,2002). Due to an increase in movements within the area
the probability of “being caught” may increase.

Second, the attractiveness of YPWT probably increases
after the removal of flowering plants (Wilson et al., 2008).
This explanation is also supported by the results of the
functional trait analysis, which revealed a significant in-
crease in the species richness of nectarophagous beetles at
recently mown, i.e., flowerless sites (Fig. 4b). In contrast,
the total species richness of herbivorous beetles signifi-
cantly decreased (Fig. 4b), which is a consequence of the
removal of their source of food. For example, the numbers
of imagoes of the abundant scarab beetle, Phyllopertha
horticola, which feeds mainly on fully-grown vegetation
or even shrubs and trees (Bogatko, 1990), decreased at
mown sites (Table 2).

The association of species in the target groups with
recent mowing is not consistent. Many of the species re-
sponded positively to mowing (Table 2). This might be
a methodical artefact as the majority of these species are
good dispersers.

Unlike mowing, grazing did not have an immediate ef-
fect on any of the arthropod taxa (Fig. 2, Table 1). Concur-
ring with Batary et al. (2007, 2008), we highlight the role
of different grazing pressures on the composition of insect
communities. As the grazing intensity in our plots was
only 0.82 to 0.84 cows/ha, it is likely that this low inten-
sity grazing accounts for the non-significant trends (e.g.,
a negative association of Araneae and Hymenoptera with
grazing — see Table 1). Seemingly positive association of
the dung beetle Aphodius depressus (Fig. 3) with grazing
is most likely due the presence of fresh cattle faeces than a
direct effect of grazing on vegetation (Hanski et al., 1987).

TaBLE 3. Individual associations of particular taxa of invertebrates associated with grasslands with both types of linear landscape
features (belts of trees, strips of grass), 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 feature as explanatory variables). Taxa with significant associations with particu-

lar lineas structure have their P-values in bold.

Belts of trees

Strips of grass

Taxon Regression coefficient . P Regression coefficient . P
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
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Long-term effects of management

We investigated the effects of four types of management
(mowed plots, grazed plots, combination of both and no
management during the vegetation period until the end
of September) using rarefaction curves. These were con-
structed in order to determine if there is an association be-
tween species richness and number of orders present and
type of management at each site. The highest species rich-
ness of butterflies and beetles was associated with mowing,
especially combined with grazing. In contrast, the lowest
number of butterfly species was recorded at patches man-
aged by a single grazing regime, followed by patches not
managed during the vegetative season. Although the ef-
fects of grazing and absence of management were indis-
tinguishable in terms of beetles, both of these treatments
are similarly associated with low numbers of species (Fig.
5). We stress that a comparatively higher number of spe-
cies of beetles and butterflies is associated with the com-
bined regime of mowing and grazing than grazing alone
(Fig. 5). Our explanation for this trend is that the intensity
of grazing at the sites was very low (0.82 and 0.84 cattle/
ha). Cattle did not graze the whole area, thus many patches
of vegetation were ungrazed. This may have resulted in a
slow change in plant composition (Matéjkova et al., 2003)
towards lower numbers of competitive species, which af-
fected the invertebrate communities. Such a trend might
not be seen for years after implementing this treatment. In
accordance with this interpretation are the results of the
rarefaction for sites subjected to both grazing and cutting
in each season. Higher numbers of species were associated
with this treatment than just grazing. Under a low grazing
pressure, competitive plants (i.e., mainly grasses), which
benefit from low intensity grazing are probably suppressed
by mowing. This may ensure more diversified vegetation
and also more heterogeneous arthropod communities than
those found at grazed sites.

Comparable suitability of mowing from a long-term
point of view can be interpreted as follows: Most of the
individuals collected belonged to species associated with
treeless habitats, which are strongly dependent on distur-
bance of natural succession resulting in the formation of
forest (Konvicka et al., 2008). Low intensity mowing, i.e.,
once per annum, varied in time and space, is a suitable
long-term type of management (Rundlof et al., 2008; Cizek
et al., 2012). Although mowing immediately decreases
the abundance of insects, (Humbert et al., 2009, 2010) it
is nevertheless a reliable means of suppressing both trees
and competitive species of plants, which are often domi-
nant grasses (Gibson, 2009). This results in the increase in
the diversity of plants, including flowering dicotyledons,
which together with the diverse architecture of the plants
(Strong et al., 1984; Haysome & Coulson, 1998; Espirito-
Santo et al., 2007) probably support a greater diversity of
various guilds of insects (Hutchinson, 1959; Knop et al.,
1999). In other words, grassland invertebrates must be
adapted to disturbance, which is consistent with the re-
sults of the partial analysis of functional diversity based on
the habitat associations of the species. Mowing supported

a single functional group, open habitat species, although
they only reached peak abundances after partial recovery
of the swards (Fig. 4a).

Association with particular linear landscape features

We determined the association of arthropod communi-
ties in sub-montane grasslands with two linear landscape
features, strips of grass and belts of trees. Based on the
GLM the majority of higher taxa tended to occur in higher
numbers close to both types of boundaries (Table 3), where
there may be specific microclimates and sheltered environ-
ments for these animals (Maudsley, 2000; Merckx et al.,
2009). In contrast, the abundance of beetles and spiders
was significantly higher in the centre of the meadows, i.e.,
furthest from both types of boundary (Table 3). This might
be attributed to the trends of the most abundant species be-
ing for species that belong to the groups closely associated
with open habitats [e.g., beetles: Anthaxia spp., Eschcholtz,
1829; Rhagonycha spp., Eschcholtz, 1830; Oxythyrea fu-
nesta — 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 determine the associations of
individual species of Lepidoptera, bumblebees and beetles
(Figs 6a, b and c). Lepidoptera were strongly and positive-
ly associated with both strips of grass and belts of trees at
the species level. The majority of butterfly species were
recorded close to these linear features, including typical
grassland dwellers, such as ringlets Maniola jurtina and
Aphantopus hyperanthus (cf. Kulfan et al., 2012), coppers
Lycaena virgaureae and L. hippothoe and the skipper Hes-
peria comma (Fig. 6a). Such a clear association might be
interpreted as a consequence of the environment near to the
edges being more sheltered with tall vegetation compared
to the regularly disturbed area of the meadows (Merckx et
al., 2009). Lepidoptera may shelter there from the wind or
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, an ecotone may be an important refuge where mul-
tiple habitats meet (e.g., Downie et al., 1996; Ewers & Did-
ham, 2006; Vu, 2009).

In contrast, bumblebees were not associated with strips
of grass (see Table 2). This may be due to the fact that
bumblebees are able to fly even in unfavourable conditions
(Goulson, 2010), i.e., low temperatures, windy and even
rainy weather, thus they do not need as much shelter as
butterflies. Alternatively, this trend may reflect individual
demands of each species for nesting sites and flowers as
sources of nectar and pollen (Connop et al., 2010), which
might account for the trends in the abundance of particular
species (Fig. 6b).

Conservation summary

This study was carried out in a submontane treeless area
managed for at least five years by the Czech AES. The
grasslands at this study site are lightly grazed and cautious-

ly mown. The farmer adopted some of the above-standard
measures of the Czech AES (i.e., gradual mowing of par-
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SR, Harpalus affinis (HarAff) — SR, Lamprohiza splendidula (LamSpl) — SR, Nicrophorus interruptus (NicInt) — SR, Nicrophorus investigator (NicInv)
— SR, Nicrophorus humator (NicHum) — SR, Nicrophorus vespillo (NicVes) — D, Nicrophorus vespilloides (NicVesp) — S, Ontholestes murinus (OntMur)
— SR, Otiorhynchus ligustici (OtiLig) — SR, Oxythyrea funesta (OxyFun) — D, Phyllopertha horticola (PhyHor) — D, Rhagonycha fulva (RhaFul) — S,
Rhagonycha lignosa (RhaLig) — SR, Silpha obscura (SilObs) — S, Silpha tristis (SilTri) — S, Thanatophilus rugosus (ThaRug) — SR.
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ticular blocks and strips left uncut for the whole vegetation
season). Despite this purportedly benign agricultural man-
agement, we recorded significant associations with mow-
ing. Over a short time-scale, the less mobile taxa, which
are unable to fly, were negatively associated with mow-
ing. In contrast, in the long-term the highest species rich-
ness of butterflies and beetles was associated with mowing
once per year, especially when combined with grazing. In
addition, the structure of the arthropod communities was
substantially associated with both types of boundaries, i.c.,
strips of grass and narrow belts of trees. The majority of the
groups studied were positively associated with these linear
features. Therefore, based on our results and the findings of
other recent studies (e.g., Merckx et al., 2009, 2010; Fab-
riciusova et al., 2011; Cizek et al., 2012; Humbert et al.,
2012; etc.) we recommend:

(1) As the time of mowing was an important determinant
of the presence of certain grassland invertebrates in the
short-term, we emphasize the key role of the timing of this
treatment. The maximum abundances of invertebrates were
recorded in July, this therefore is the worst time to mow
similar sub-montane meadows. Nevertheless, we sampled
mainly only adults. Therefore, immobile larval stages (usu-
ally more sensitive to disturbances caused by mowing and
grazing) are most abundant earlier in the season. Thus we
recommend postponement of mowing to the second half of
July. Moreover, the whole area should not be mown at the
same time but in two stages to ensure that only half of the
sward is disturbed at each mowing;

(i1) In addition, uncut strips left until the beginning of
the next vegetation season may help mitigate the negative
effects of mowing;

(ii1) Most of the grassland arthropods may be associated
with these strips if they are located along permanent land-
scape features such as grass strips and belts of trees. In
addition, the association with boundaries were generally
positive, possibly due to the greater heterogeneity of veg-
etation there (Hansen & Castri, 1992);

(iv) The establishment of linear landscape features such
as belts of trees and strips of permanent grass can substan-
tially increase the biological value of agroecosystems (e.g.,
Balmer & Erhardt, 2000; Baur et al., 2006; Kulfan et al.,
2012) in Central European farmland, recently affected by
agricultural intensification.
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ArpenDIX 1. Functional characteristics of beetle species and their abun-
dances in samples collected from patches subjected to different levels of
mowing.

. . . Level
Taxon Habi- Trophlbc NlI‘Obl_ of mowing? bTo(;al
s ¢ ——————————abundance
e goupt YT 057005 0
Anthicidae
Notoxus monoceros (6] C 2 00 0 1 1
Brentidae
Apion frumentarium (6] H 2 00 0 3 3
Ischnopterapion virens (6] H 2 o1 0 0 1

Buprestidae

Anthaxia helvetica M N 2 03 0 3 6
Anthaxia quadripunctata M N 2 2819 2 26 75
Cantharidae
Cantharis fusca G C 2 2.0 0 17 19
Cantharis nigricans G C 2 0 0 0 o6 6
Rhagonycha fulva G C 2 1 1 40 42 84
Rhagonycha gallica F C 2 00 0 1 1
Rhagonycha lignosa F C 2 o 0 0 2 2
Carabidae
Amara aenea (6] H 2 0o 0 0 1 1
Amara aulica (0] H 2 00 0 1 1
Amara nitida G H 2 00 0 1 1
Carabus granulatus F C 1 1 0 0 3 4
Carabus scheidleri G C 1 1 0 0 O 1
Carabus violaceus G C 1 00 0 1 1
Dromius agilis F C 2 1 0 0 0 1
Harpalus affinis (0] H 2 o0 0 7 7
Ophonus rufibarbis (6] H 2 00 0 1 1
Poecillus cupreus o O 2 0 1 1 36 38
Pseudoofonus rufipes (0] H 2 00 1 0 1
Pterostichus melanarius G C 1 0o 0 0 1 1
Pterostichus niger F C 1 00 0 1 1
Pterostichus oblongopunctatus ~ F C 1 00 0 1 1
Cerambycidae
Agapanthia intermedia o H 2 00 0 1 1
Alosterna tabacicolor M N 2 o0 0 2 2
Aromia moschata M N 2 0o 0 0 1 1
Evodinus clathratus M N 2 00 0 1 1
Leptura maculicornis M N 2 0o 0 0 1 1
Pseudovadonia livida M N 2 o0 0 2 2
Stictoleptura rubra M N 2 o0 1 1 2
Chrysomelidae
Chrysolina fastuosa G H 2 o0 0 2 2
Chrysolina oricalcia G H 2 00 0 1 1
Chrysolina staphylea O H 2 0o 0 0 1 1
Cryptocephalus moraei M H 2 1217 2112 143
Cryptocephalus sericeus (6] H 2 18 17 57 206 298
Galeruca tanaceti O H 1 0o 0 2 6 8
Galerucella tenella (6] H 2 o1 0 1 2
Plateumaris consimilis O H 2 0o 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 0o 0 0 1 1
Coccinella septempunctata (6] C 2 39 6 46 64
Harmonia axyridis G C 2 0 4 0 1 5
Hippodamia variegata O C 2 0o 0 0 1 1
Propylea quatuordecimpunctata G C 2 21 1 2 6
Psyllobora vigintiduopunctata G J 2 00 0 1 1
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. . . Level
Taxon Habl— Trophic Mob?— of mowing! Total
tat*  group® lity ——————————abundance
1 05025 0

Cryptophagidae

Antherophagus nigricornis M (6] 2 1 0 2 2 5
Curculionidae

Anthonomus rubi G H 2 0o 0 o0 1 1

Cionus tuberculosus G H 2 0o 0 0 1 1

Hypera plantaginis (0] H 2 0o 0 0 1 1

Otiorhynchus ligustici (0] H 1 0o 1 0 1 2

Sitona lineatus G H 1 0O 0 0 1 1

Sitona sulcifrons G H 1 0o 0 0 1 1

Trachyphloeus bifoveolatus G H 1 0o 0 0 1 1
Elateridae

Agriotes obscurus (6] H 2 0O 0 0 10 10

Agriotes ustulatus o H 2 o 0 0 2 2

Agrypnus murinus (0} H 2 o 1 1 9 11

Athous haemorrhoidalis G H 2 0o 0 0 3 3

Ctenicera pectinicornis (6] H 2 o 0 0 2 2

Selatosomus aeneus F H 2 o o0 0 3 3
Geotrupidae

Anoplotrupes stercorosus F S 2 0o 0 1 27 28

Odonteus armiger (6] J 1 0o 0 0 1 1

Trypocopris vernalis G S 2 1 0 1 2 4
Histeridae

Margarinotus striola G D 2 0o 0 0 1 1
Hydrophilidae

Anacaena globulus G C 2 0o 0 0 1 1
Kateretidae

Brachypterus glaber G N 2 0o 2 0 0 2
Lampyridae

Lamprohiza splendidula G - 1 0 4 0 5 9
Leiodidae

Anisotoma humeralis F J 2 0o 0 0 1 1
Melyridae

Dasytes obscurus G N 2 o o0 1 3 4
Oedemeridae

Chrysanthia viridissima M N 2 o 0 0 2 2

Oedemera virescens O N 2 1 1 0 12 14

Scarabaeidae

Aphodius rufipes (0] S 2 o 0 0 2 2
Oxythyrea funesta (6] N 2 2 10 17 56 85
Phyllopertha horticola G H 2 2 0 0139 141
Serica brunnea O H 2 0o 2 0 8 10
Trichius fasciatus M N 2 0o 0 0 1 1
Silphidae
Nicrophorus humator F D 2 o 0 0 2 2
Nicrophorus interruptus (6] D 2 o o0 1 5 6
Nicrophorus investigator G D 2 o o0 o0 3 3
Nicrophorus vespillo o D 2 122 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 30 0 17 20
Silpha carinata F C 1 1 5 3105 114
Silpha obscura G C 1 0 10 1 40 51
Silpha tristis G C 1 0 6 29 10 45
Thanatophilus sinuatus (6] D 2 4 3 3 44 54
Thanatophilus rugosus O D 2 0o 2 0 1 3
Staphylinidae
Ontholestes murinus (6] C 2 0 2 0 1 3
Ontholestes tesselatus G C 2 0 0 0 1 1
Oxyporus rufis G C 2 0o 0 0 1 1
Philonthus marginatus (6] C 2 0o 0 0 1 1

2Forest species are abbreviated as (F), open habitat species as (O), species
with preference for transitional stages, mosaics of open habitats, shrubs
and trees as (M), habitat generalists as (G). ® Herbivorous species are ab-
breviated as (H), pollen and nectar feeders as (N), carnivores as (C), sap-
rophagous species as (S), necrophagous as (D), fungivorous as (J) and
omnivorous as (O). © Local, sedentary species including weakly mobile
brachypterous beetles were categorized as (1), vagile species with high
mobility as (2). ¢ The intensity of mowing is coded as: 1, 0.5, 0.25, 0 (for
more details see Data arrangement in M & M).
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IMPACTS OF MOWING, GRAZING AND EDGE EFFECT
ON ORTHOPTERA OF SUBMONTANE GRASSLANDS:
PERSPECTIVES FOR BIODIVERSITY PROTECTION

ABSTRACT: Semi-natural grasslands man-
aged by mowing and grazing are an important
part of European landscape. Orthopterans are
considered to be an appropriate indicator to as-
sess the impact of agricultural management on
grassland ecosystems. We studied effects of mow-
ing, grazing and two kinds of edges on Orthop-
tera of submontane hay meadows and pastures in
the Hruby Jesenik Mts. (Czech Republic). Using
sweep netting and pan trapping, we sampled or-
thopteran assemblages associated with the farm-
land managed for at least five years under Czech
agri-environmental schemes. In total we collected
2253 individuals of orthopterans representing 14
species. The short-term impacts of mowing and
grazing were tested by multivariate ordination
analyses. The results indicate that mowing signifi-
cantly decreased Orthoptera species abundance.
Conversely, the response of orthopterans to graz-
ing was not statistically significant and appeared
to be species-specific. The abundance of acridid
Gomphocerippus rufus increased substantially
with grazing, which is in contrast with its nega-
tive response to mowing. The negative influence
of mowing on grassland inhabitants can be miti-
gated by lower mowing frequency and by provid-
ing temporary uncut refuges. The results of gen-
eralized linear models showed significant increase
of both species richness and total abundance of
Orthoptera towards the baulks. Therefore, the ref-
uges should be established primarily along grass
baulks or similar types of permanent grassy edges.

As a general rule an effort should be made when
managing grasslands to ensure the highest habitat
heterogeneity.

KEY WORDS: baulk, edge distance, grass-
hoppers, grassland ecosystems, management,
meadow, pasture, Czech Republic

1. INTRODUCTION

Mowing and grazing are prevailing types
of management essential for maintenance of
semi-natural grasslands. Grasslands cover sub-
stantial part of European landscape and host
large number of (often endangered) species
(Stoate et al. 2009, Hoste-Danylow et al.
2010), therefore grasslands are of crucial im-
portance for biodiversity. Nevertheless, agricul-
tural intensification and abandonment of land
caused large-scale decline in grassland bio-
diversity in last decades (Benton et al. 2003,
Baldi et al. 2005, Batary et al. 2007, Stoate
et al. 2009, Cizek et al. 2012). Efforts have
been made to mitigate this damage, particu-
larly through richly funded agri-environmental
schemes [AES]. However, existing practises
with these schemes and their contribution to
improve biodiversity are doubtful (Kleijn and
Sutherland 2003, Kleijn et al. 2006, Knop
et al. 2006, Konvicka et al. 2008, Blomqvist
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et al. 2009, Stoate et al. 2009). Thus there is an
urgent need to study the response of grassland
ecosystems to performed management and to
obtain knowledge on how to manage grass-
lands aiming to maintain diversified inverte-
brates communities. These play the key role in
provision of essential ecosystem services like
pollination, decomposition and sustainable soil
fertility (Tscharntke et al. 2005, Balvanera
et al. 2006, Potts et al. 2009).

Orthopterans are one of the major groups
associated primarily with grassland ecosys-
tems (Marini et al. 2009a, Kefller et al.
2012) and represent an important part of
the food chain. They consume substantial
amounts of plant biomass (Kohler et al.
1987, Blumer and Diemer 1996, Zhong-
Wei et al. 2006) and are also a common
source of food for other invertebrate and
vertebrate predators (Belovski and Slade
1993, O’Leske et al. 1997, Gardner and
Thompson 1998, Danner and Joern
2004). According to numerous studies, or-
thopterans are good indicators of the ecosys-
tem health (Bdldi and Kisbenedek 1997,
O’Leske et al. 1997, Andersen et al. 2001,
Kruess and Tscharntke 2002, Kamp-
mann et al. 2008, Fartmann et al. 2012).
The bioindicative potential of Orthoptera can
be used for the assessment of various types
of management conducted on agricultural
grasslands; the resultant findings will con-
tribute to the knowledge of how to maintain
grassland ecosystems taking into account the
conservation of biodiversity.

Both grazing and mowing provoke
aboveground biomass removal, although
grazing is a selective pressure while mowing
affects the vegetation equally (Catorci et al.
2011). Moreover, the grazing can create small
patches with bare ground as a result of cattle
movement across the pasture (Mladek et al.
2006, Rosenthal et al. 2012). Therefore, the
responses of plant and animal communities
to each treatment were found predominantly
distinctive (Stammel et al. 2003, Oertli
et al. 2005, Saarinen and Jantunen 2005,
Kampmann et al. 2008, Catorci et al.
2011, Fabriciusovd etal 2011, Rosenthal
et al. 2012). Catorci et al. (2011) have even
found characteristic pattern in the distribu-
tion of plant functional traits between grazed
sites and those treated with mowing.

Short-term responses of orthopteran as-
semblages to mowing were studied in several
placesin Europe and were found to be predom-
inantly negative (Gardiner and Hill 2006,
Gardiner and Hassall 2009, Humbert
et al. 2010, Cizek et al. 2012). In long-term
view, higher intensity of mowing management
negatively affects both orthopteran species
richness and abundance (Marini et al. 2008,
2009a, b). In contrast, the negative influence
of abandonment (complete absence of mow-
ing) was also observed (Marini et al. 2009¢).
Impacts of grazing on Orthoptera were ana-
lysed several times, but often with mixed or
ambiguous outcomes (Fielding et al. 2001,
Kruess and Tscharntke 2002, O’Neill
et al. 2003, Batary et al. 2007, O’Neill et al.
2010). The influences of grazing appear to de-
pend on a diversity of factors, including the
weather (Fielding et al. 2001) and grazing
intensity (Kruess and Tscharntke 2002,
Fabriciusova et al 2011).

Edge effects are a broad problem which have
been often studied and discussed from different
points of view (Ries et al. 2004). Some studies
examined the topic of edges with Orthoptera as
targeted taxa (e.g. Guido and Gianelle 2001,
Ewers and Didham 2006). However, to our
knowledge, there are no studies based on the
analysis of the effects of edge character and dis-
tance from the edge, on orthopterans, in rela-
tion to the grassland management.

The aim of this study was to evaluate the
short-term impacts of mowing and grazing
on Orthoptera assemblages of submontane
grasslands and to analyse the influences of
edge character and distance. We expected the
impact of mowing to be predominantly nega-
tive (by causing decline in the abundance; e.g.
Humbert et al. 2010), whereas the impact
of grazing moderately positive (according to
Mlédek et al. 2006). We were further in-
terested in the role of edges in this relation.
Positive influence of both grassy and tree
edges was expected, since the beneficial ef-
fect of landscape features is largely accepted
(Merckx et al. 2009, Ryszkowski et al.
2009). Based on our findings, we propose rec-
ommendations for a “biodiversity-friendly”
management of grasslands. These proposals
are novel since the management effects were
assessed in combination with edge impacts on
orthopteran abundance and species richness.
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2. STUDY AREA

This study was performed in the sub-
montane area of the Hruby Jesenik Mts.,
in the north-eastern part of the Czech Re-
public, neighbouring Poland. The altitude
varied from 730 to 830 m above sea level.
The mean annual temperature is 6.5°C and
long-term annual average rainfall is 900 mm
(Tolasz 2007). All study patches were situ-
ated close to each other in a grassland area
of approximately 180 ha, almost completely
surrounded by forest (GPS: 50°6°37.91”N,
17°3’17.48”E).

We selected 12 study patches which dif-
fered in management (mowing, grazing or
both) and in timing of the treatments. As the
agricultural management of the area was fi-
nancially supported by the Czech AES, each
type of management fulfilled its conditions,
meaning that the grazing intensity had to be
lower than 1.5 cattle ha™ (specifically it fluc-
tuated from 0.82 to 0.84 cattle ha!) and the
meadows were not fertilised. The meadows
are managed by a single local farmer; all of
them were cut once a year using rotary mow-
er without conditioner (cutting height 6 cm).
The majority of patches lied on gentle slopes,
but two were on plain grounds. The patches
were delimited by distinct boundaries - belts
of trees, forest edges or baulks. For purpose of
our study we considered two types of edge: 1)
“baulks”, i.e. grassy edges (these were formed
by strips of set-aside land, which was mown
only sporadically, often with recently planted
trees; 2) “tree edges’, i.e. belts of grown trees
or forest edges. Average size of the individu-
al patches was about 3 ha (the smallest cov-
ered the area of 0.6 ha, the largest the area
of 6.7 ha).

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. Part of the patches
was mown earlier, in the first week of July,
and then grazed for approximately one
month from the last term of August to the
last week of September. The grassland area
has been treated by the same way of man-
agement constantly for at least 5 years.

3. MATERIAL AND METHODS
3.1. Data collection

We sampled Orthoptera on the delimit-
ed patches in 2010. We recorded data on the
performed management (i.e. timing of mow-
ing and grazing) during regular field work.
This information was supplied subsequently
by the local farmer. The sampling was per-
formed using two parallel methods: sweep
netting and pan trapping.

Sweep netting is the most frequently used
method for sampling Orthoptera (Gardiner
et al. 2005). Representative numbers of sam-
pling spots for each patch were derived from
an area of particular patch (1 spot for 0.5 ha).
For every sampling day we recorded 72 sam-
pling spots in total, these were evenly and rep-
resentatively spaced across the study patches.
One sampling on a sampling spot comprised
series of 10 sweeps. In the event of low and
very low orthopteran numbers obtained, the
number of sweeps was increased to 20 or 30,
and then such outcomes were divided by 2 or
3, respectively. We used this technique in or-
der to encompass all species. The diameter of
the sweep net was 35 cm. The sweep netting
was conducted during three visits (23" of July,
15" of August and 19" of September 2010),
always between 10 a.m. and 5 p.m. All three
visits were carried out in suitable weather
conditions (none to mild wind, no rain, mini-
mum temperature 17°C).

Pan trapping is frequently used to sample
flying insects (Moericke 1951, Duelli et
al. 1999), but it can be successfully used also
to sample Orthoptera (Evans and Bailey
1993). The principle of trapping is very similar
to pitfall traps, also used to sample Orthoptera
(Gardiner et al. 2005). The pan traps were
plastic bowls 15 cm in diameter and 8 cm deep,
half filled with preserving liquid (water solu-
tion of sodium chloride enriched with com-
mercial detergent). They were placed on the
ground and if necessary, the immediate sur-
rounding was adjusted to avoid shading from
vegetation. The pan traps were disposed in
transects across all patches; totalling 77 traps.
Transects ran from one edge of a particular
patch to another, or directly through more
patches and their edges together (formed by
baulks or belts of trees). The distance between
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each two traps was approximately 20 m; the
distance in metres from the nearest grassy
edge and the nearest tree edge was individu-
ally recorded for each trap. Some of the pan
traps were placed directly into the edges. The
samples were collected at approximately ten-
day intervals (from 24" of July to 21% of Sep-
tember 2010; 10 collections in total).

Samples from pan traps were determined
in the laboratory, adults were identified to the
species level and nymphs to the family level.
Sweep-netted individuals were determined di-
rectly in the field or later in the laboratory, the
nomenclature follows Ko ¢éarek et al. (2005).

3.2. Statistical analyses

Multivariate analyses were performed
with Canoco statistical software (version 4.5)
for Windows (TerBraak and Smilauer
2002). Data sets obtained from sweep netting
and pan trapping were analysed separately.
We constructed both models calculating the
sums of the numbers for each sample (sum of
all adults, sum of all nymphs and total num-
ber of all orthopterans in the sample) and
those based on numbers within individual
species, to examine response of the whole as-
semblage in more detail. Consequently, four

ordination models were constructed (model
I: numbers of individuals of each species ob-
tained by sweep netting, model II: numbers
of individuals of each species obtained by pan
trapping, model III: total numbers of orthop-
terans obtained by sweep netting, model IV:
total numbers of orthopterans obtained by
pan trapping).

The tested variables were mowing and
grazing (explanatory variables) and numbers
of individuals within orthopteran species
(dependent variables). Mowing and grazing
were scaled according to the gradual dimin-
ishing effect of the treatment. Therefore, the
categories of the management variables were
distinguished arbitrary by the number of days
past after the treatment as follows: 3 (0-10
days after the treatment), 2 (11-30 days), 1
(31-60 days) and 0 (more than 60 days or
without treatment). We defined these catego-
ries in an effort to depict approximate time
of sward regrowth. The covariables included
in the analyses were time (coded as the num-
ber of days passed from the beginning of the
year) and the specific study patch (1 to 12)
where the sampling took place.

Species with the number lower than 1%
of the total number of individuals were ex-
cluded from the analyses (Table 1). Some pan

Table 1. Numbers of individuals of orthopteran species and groups collected during the sampling period
by both used methods. Species excluded from the analysis because of low abundances are marked by
asterisks. Used nomenclature follows Ko ¢arek et al. (2005).

Species and groups Sweep netting Pan trapping
Chorthippus apricarius (Linné, 1758) 16 32
Chorthippus biguttulus (Linné, 1758) 77 75
Chorthippus montanus (Charpentier, 1825) * 2 2
Chorthippus paralellus (Zetterstedt, 1821) 80 54
Chrysochraon dispar (Germar, 1834) 48 88
Euthystira brachyptera (Ocskay 1826) 27 89
Gomphocerippus rufus (Linné, 1758) 93 120
Omocestus viridulus (Linné, 1758) 57 306
Tetrix undulata (Sowerby, 1806) * 2 5
Decticus verrucivorus (Linné, 1758) *

Metrioptera brachyptera (Linné, 1761) * 3 3
Metrioptera roeselii (Hagenbach, 1822) 40 13
Pholidoptera griseoaptera (De Geer, 1773) * 2 9
Tettigonia cantans (Fiissly, 1775) * 8 5
Acrididae nymph 560 401
Tettigoniidae nymph 2 27
Nymphs total 562 428
Adults total 461 802
Total 1023 1230
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traps were occasionally damaged by wild ani-
mals grazing on the meadows (e.g. deer, boars
etc.). These samples reached less than 7% of
total number of samples and were calculated
as the average number of individuals of each
species in the remaining pan traps at the cor-
respondent sampling date.

Detrended  correspondence  analysis
(DCA; Hill and Gauch 1980) was used to
reveal a length of gradients in community
dataset (using Canoco). The gradients in
models I and II were long (> 3.5), hence a ca-
nonical correspondence analysis (CCA; Ter-
Braak 1986) was used for subsequent analy-
ses and graphical exploration, according to
TerBraak and Smilauer (2002). The gra-
dients in models III and IV were short (< 3.5),
therefore a redundancy analysis (RDA; Leg-
endre and Anderson 1999) was used. CCA
analyses were conducted with biplot scaling
focused on inter-species distances; RDA anal-
yses were conducted with scaling focused on
inter-species correlations, species scores were
divided by standard deviation and species
were centred. We used the raw species data
for the analyses. The ordination models were
tested by Monte-Carlo permutation test as-
signed with restriction to temporal structure
and block defined by covariables. Altogether
5000 permutations were used for full model.
Forward selection procedure was used to
test environmental variables. Furthermore,
generalized linear models (GLM) with Pois-
son distribution and link function log were
constructed to reveal individual responses
of species. These analyses were computed by
CanoDraw 4.0 for Windows; the best fitting
models were selected according to Akaike’s
Information Criterion (AIC).

To test the impacts of patch edges on
number of species and total number of Or-
thoptera we used data obtained only by pan
trapping. We tested the impacts of baulks (i.e.
grassy edges) and tree edges (edges formed by
a belt of grown trees or forest margins) sepa-
rately, using generalized linear models with
link function log. Standard errors were cor-
rected by quasi-poisson model. The effects
of the explanatory variables were tested by
the analyses of deviance using F-test. These
analyses were performed on the open source
statistical computing environment R version
2.14.1 (R Development Core Team 2011).

4. RESULTS

The number of individuals caught by both
sampling methods totalled 2253, representing
14 orthopteran species. The most abundant
species were Omocestus viridulus (Linné,
1758) and Gomphocerippus rufus (Linné,
1758). For detailed information see Table 1.

To find out the impacts of grassland man-
agement on the total number of orthopterans
and on the numbers of representatives within
individual species we constructed four ordi-
nation models. Testing of the ordination axes
revealed all the constructed models (I-1V)
to be statistically significant. Testing of the
explanatory variables (mowing and grazing)
showed statistically significant influence of
mowing but not grazing in all four models
(P <0.05). For overall results of models, see
Tables 2-5 and Figure 1.

3.1. Mowing and grazing

Response of orthopteran assemblage and
individual reaction of species to mowing and
grazing were explored by generalized linear
models. These models were constructed for
all species but only significant (P <0.05) re-
sults of GLMs are presented (Figs 2-3). Nu-
merical characteristics of presented GLMs
are listed in APPENDIX. According to the
results of GLMs, the whole orthopteran as-
semblage, consisting of both adults and
nymphs, showed an unimodal response to
mowing (Fig. 3A). Number of individuals
generally tended to decline both immedi-
ately after the mowing and later in the sea-
son after full recovery of the swards. In other
words, orthopterans reached the maximum
numbers in half-renewed vegetation. In ad-
dition, numbers of individuals within species
declined with increasing effect of mowing in
the majority of the cases (Figs. 2A, B, 3C),
i.e. the effect of mowing was most apparent
immediately after the treatment. The only
exception of the latter mentioned trend rep-
resent the responses of two grasshopper spe-
cies, Euthystira brachyptera (Ocskay, 1826)
and Chorthippus paralellus (Zetterstedt,
1821), to which numbers increased towards
the date of the treatment (Fig. 3C).

In contrast to mowing, we did not find
general trends in grazing effect on the level of
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Table 2. Results of model I - CCA model of numbers of individuals within species (obtained by sweep
netting) depending on the management (mowing and grazing). Statistically significant P-values are

given in bold.

Axis 1 2 3 4
Eigenvalues 0.032 0.007 0.550 0.454
Species-environment correlations 0.300 0.141 0.000 0.000
Sum of all eigenvalues 2.775
Sum of all canonical eigenvalues 0.039
Significance of the model (test on I. canonical axis) F=2377 P <0.05
Significance of the model (test on all canonical axes) F=1.449 P=0.121
Permutation test on variable “mowing” F=2170 P <0.05
Permutation test on variable “grazing” F=0.730 P=0.561
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Fig. 1. Ordination diagrams of CCA model I (A), CCA model II (B), RDA model III (C) and RDA mod-
el IV (D) - numbers of individuals within species depending on mowing and grazing (represented by
time past from treatment). Numbers of individuals were obtained by sweep netting (A, C) and pan trap-
ping (B, D). ChoApr = Chorthippus apricarius, ChoBig = Chorthippus biguttulus, ChoPar = Chorthippus
paralellus, ChrDis = Chrysochraon dispar, EutBra = Euthystira brachyptera, GomRuf = Gomphocerippus
rufus, MetRoe = Metrioptera roeselii, OmoVir = Omocestus viridulus.
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Table 3. Results of model II - CCA model of numbers of individuals within species (obtained by pan
trapping) depending on the management (mowing and grazing). Statistically significant P-values are

given in bold.

Axis 1 2 3 4
Eigenvalues 0.023 0.002 0.329 0.325
Species-environment correlations 0.287 0.092 0.000 0.000
Sum of all eigenvalues 1.986
Sum of all canonical eigenvalues 0.025
Significance of the model (test on I. canonical axis) F = 8.665 P <0.05
Significance of the model (test on all canonical axes) F=4.721 P <0.05
Permutation test on variable “mowing” F = 8.640 P <0.01
Permutation test on variable “grazing” F=0.810 P=0.618
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Fig. 2. Generalized linear models of response of Orthoptera species to moving and grazing effect (repre-
sented by time past from treatment). GLM A was derived from RDA model IV (pan trapping); B, C, D
were derived from CCA model I (sweep netting). Linear (A) or quadratic (B, C, D) function and Poisson
distribution were used. ChoPar = Chorthippus paralellus, GomRuf = Gomphocerippus rufus, MetRoe =
Metrioptera roeselii, OmoVir = Omocestus viridulus.
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Table 4. Results of model ITI - RDA model of sum of Orthoptera numbers (obtained by sweep netting)

depending on the management (mowing and grazing). Statistically significant P-values are given in
bold.

Axis 1 2 3 4
Eigenvalues 0.042 0.002 0.577 0.101
Species-environment correlations 0.281 0.096 0.000 0.000
Sum of all eigenvalues 0.722

Sum of all canonical eigenvalues 0.044

Significance of the model (test on I. canonical

> F=12.40 P <0.01
axis)
Significance of the model (test on all canonical F = 6.480 P <0.01
axes)
Permutation test on variable “mowing” F=11.72 P <0.01
Permutation test on variable “grazing” F=1.220 P=0.261
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Fig. 3. Generalized linear models of response of Orthoptera species to mowing and grazing effects (rep-
resented by time past from treatment). GLMs A, B were derived from RDA model III (sweep netting);
C, D were derived from CCA model II (pan trapping). Linear (C) or quadratic (A, B, D) function and
Poisson distribution were used. ChoBig = Chorthippus biguttulus, ChoPar = Chorthippus paralellus,
EutBra = Euthystira brachyptera, GomRuf = Gomphocerippus rufus, MetRoe = Metrioptera roeselii.
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the whole orthopteran assemblage. GLM de-
rived from RDA model I1I (Fig. 3B) depicts a
bimodal response of orthopteran assemblage
to grazing. Orthopterans reached maximum
numbers both immediately after grazing
and later in the season. Ordination diagrams
(Fig. 1) indicate predominantly negative ef-
fect to the assemblage, but not clearly. In
contrast, one of these models (Fig. 1A) also
points to a positive response of O. viridulus
to grazing. Nevertheless, this finding was not
supported by GLMs which does not show sta-
tistically significant response of O. viridulus.
In general terms, response of orthopterans
to grazing was species-specific and mostly
weak (Figs 2D, 3D). In the case of Ch. paralel-
lus we found the opposite trends in numbers
of individuals calculated by models I and II.
The positive response of G. rufus to grazing
(Fig. 2C) contrasts with its negative response
to mowing (Figs 2B, 3C).

3.2. Distance to edges

Analysis of the interactions between
both number of species and total number
of orthopterans and distance to patch edges
showed statistically significant effects of
baulks (i.e. grassy edges). In contrast, the
impact of distance from tree edges (i.e. belts
of trees or forest edges) was not statistically
significant (for overall results see Table 6).
Figure 4 depicts a negative interaction be-
tween number of species and numbers of in-
dividuals respectively and increasing distance
to the baulk. Both characteristics increased
towards the grassy edges.

4. DISCUSSION
4.1. Impact of mowing

Our data show negative short-term im-
pacts of mowing on Orthoptera. This find-
ing concurs with results of other authors
(Gardiner and Hill 2006, Braschler et al.
2009, Gardiner and Hassall 2009, Hum-
bert et al. 2010, Fabriciusova et al. 2011).
Decrease in numbers is caused mainly by
immediate mortality during the process of
mowing (Gardiner and Hill 2006, Hum-
bert et al. 2010). According to Humbert
et al. (2010), the mechanized mowing pro-

cess kills 65-85% of orthopterans in an as-
semblage. Decrease in numbers after mowing
is also caused by a higher risk of predation
(Braschler et al. 2009) and unsuitable mi-
croclimatic conditions (Gardiner and Has-
sall 2009), which result in higher mortal-
ity and emigration (Gardiner and Hassall
2009, Humbert et al. 2010).

The unimodal response of Orthoptera
assemblage (Fig. 3A) can be explained by the
gradual change of the vegetation structure.
Numbers of Orthoptera perhaps drop during
the treatment and immediately after it. Then
it may slowly increase together with gradual
recovery of sward, enabling recolonization
of previously abandoned patches. Moreover,
higher probability of “being caught” in me-
dium height vegetation may contribute to
the trend, since sweep netting is much eas-
ier there, than in tall structured vegetation
(Gardiner et al. 2005). This effect should
be particularly strong for small nymphs
(Fig. 3A). The explanation of the trend by
means of methodical artefact is further sup-
ported by comparing Figure 3A with Figure
2A (which depicts results from pan trapping
method).

Other models document clearer nega-
tive impact of mowing on orthopteran as-
semblage (Figs 1C, 1D, 2A) and on individ-
ual species (Figs 2B, 3C). According to our
data, the most sensitive species to mowing
appears to be G. rufus (Figs 2B, 3C). Nega-
tive responses of this grasshopper are inter-
esting particularly in comparison with an
inverse response to grazing (see next sec-
tion). GLM conducted for data obtained
by pan trapping (Fig. 3C) demonstrates an
increase in numbers of two common grass-
hopper species E. brachyptera and C. paralel-
lus towards the strongest mowing effect. Such
trend immediately after mowing is question-
able, because mowing causes high mortality
and emigration (Gardiner and Hill 2006,
Humbert et al. 2010). We suggest that sur-
viving grasshoppers tried to escape from
danger of predation and overheating (Gar-
diner and Hassall 2009), therefore they
showed higher dispersal. Intensified mobility
then may lead to higher probability of falling
into pan traps. Therefore, we consider the in-
crease in numbers shown on Figure 3C to be
a methodical artefact.
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4.2. Impact of grazing

The bimodal response of the assemblage
to grazing shown on Figure 3B is probably
caused by the species-specific impacts of
grazing on Orthoptera, due to the increased
numbers within some species and decline
within others under the same grazing man-
agement. Different reactions of diverse or-
thopteran species to grazing had been pre-
viously noticed (O’Neill et al. 2003, 2010,
Batary et al. 2007).

Grasshopper species G. rufus showed a
positive response to grazing (Fig. 2C), this
species may benefit from a disturbed struc-
ture of the sward and from small patches of
bare ground which are created by the move-
ment of cattle. G. rufus typically prefers
warmer and dryer habitats (Ingrisch and
Kohler 1998), such conditions may be in-
duced by cattle grazing. The vegetation is
locally disturbed including sometimes the
soil surface, this leads to severe warming
and drying of particular patches. This could
positively enhance the population of G. rufus
and its activity. The positive response of this
species to grazing contrasts with its negative
response to mowing (Figs. 2B, 3C). Mow-
ing creates different, probably not as suitable
conditions as in grazing environments. In ad-
dition to this, high mortality was previously
observed in mowed habitats (Humbert et al.
2010, 2012).

Weak and unclear responses of other spe-
cies (Figs 1A, B, 2D, 3D) are in accordance
with no statistical significance found from
grazing in the ordination models for the whole

assemblage and with low proportion of vari-
ability explained by this factor (Tables 2-5).
The possible reasons for this may be the
small proportion of plots managed by grazing
compared to mowing. Another explanation,
concurring with results of other recent stud-
ies, focused on the influence of arthropods by
grassland management (Batdary et al. 2007,
2008), might be the low intensity of grazing
performed in the study area.

Impacts of grazing are generally harder
to assess than the ones of mowing. Some
studies consider these impacts to be nega-
tive (Kruess and Tscharntke 2002), oth-
ers found grazing to have positive effects on
biodiversity (Holmes et al. 1979), but also
insignificant impacts were observed by Ba-
tary et al. (2007). We concur that the rate
of influence can differ between particular
orthopteran species (O’Neill et al. 2003,
2010, Batary et al. 2007), with grazing inten-
sity (Kruess and Tscharntke 2002, Fabri-
ciusova ef al. 2011) or along the gradients
of external factors, for example weather in a
season (Fielding et al. 2001).

4.3. Impact of edges

Our data uncovered a relationship be-
tween distance to the grassland edge and
both the total number of orthopteran species
and individuals. Whereas distance to the tree
edge had no significant impact on orthopter-
ans, distance to the baulk (i.e. grassy edge)
significantly affected orthopteran assemblage
(Table 6). Number of species and total num-
ber of Orthoptera tend to increase towards

Table 5. Results of model IV — RDA model of sum of Orthoptera numbers (obtained by pan trapping)
depending on the management (mowing and grazing). Statistically significant P-values are given in

bold.
Axis 2 3 4
Eigenvalues 0.012 0.000 0.633 0.180
Species-environment correlations 0.135 0.007 0.000 0.000
Sum of all eigenvalues 0.824
Sum of all canonical eigenvalues 0.012
iiirg)iﬁcance of the model (test on I. canonical F = 5365 P <0.05
igels)iﬁcance of the model (test on all canonical F=1072 P <0.05
Permutation test on variable “mowing” F=9.300 P <0.05
Permutation test on variable “grazing” F=1.420 P=0.146
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Table 6. Results of testing of dependence of number of species and total number of individuals of Or-
thoptera on distance to baulks (= grassy edges) and tree edges (= belt of trees or forest edge). Statistically

significant P-values are given in bold.

Parameter Variable Value SE DF t-value P-value
(intercept) 0.196 0.087 600 2.243 <0.05
Species baulk distance -0.008 0.001 600 -4.868 <0.001
richness (intercept) ~0.202 0.095 600 ~2.128 <0.05
tree edge distance 0.001 0.002 600 0.317 0.751
(intercept) 0.899 0.112 600 7.999 <0.001
Total baulk distance -0.008 0.002 600 -3.859 <0.001
abundance (intercept) 0.516 0.124 600 4.174 <0.001
tree edge distance 0.000 0.003 600 0.012 0.990
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Fig. 4. Generalized linear models depicting an effect of distance (m) to grassy edges (= baulks) on num-
ber of Orthoptera species and number of Orthoptera individuals.

the baulk (Fig. 4). This novel finding indi-
cates that baulks probably play the role of un-
cut refuge, i.e. the places where orthopterans
can outlast the mowing event and from which
they subsequently recolonize nearby grass-
land areas. The importance of uncut refuges
to survive the mowing event has been recent-
ly reported (Humbert et al. 2012). Though,
the detail view on the residuals (Fig. 4) re-
veals that the maximum numbers of orthop-
terans are not nested directly in the edge, but
next to it. Thus we suggest that the value of
baulks for Orthoptera consists not only as
mowing refuges, but it also has other benefits
for orthopterans. Most likely, the baulks pro-
mote orthopterans (and other invertebrate or
vertebrate animals) by increasing habitat het-
erogeneity, this is widely accepted as a biodi-
versity booster (e.g. Benton et al. 2003).
Conversely, the impact of tree edges (i.e.
belts of trees and forest edges) was found to be
not significant. Here our results differ from
those of Marini et al. (2009b) who regarded
the presence of woody vegetation as benefi-

cial for orthopterans. Marini et al. (2009b)
saw the potential benefits of woody vegeta-
tion in providing refuges against mowing;
however, the woody vegetation in that study
was rather sparse, contrastingly in our inves-
tigations the woody edges were represented
by dense formations of trees. Hence we be-
lieve that these edges hardly provide refuges
for grassland species of Orthoptera.

5. CONCLUSIONS

Our study contributes to the knowledge
of the effects of agricultural management on
grassland invertebrates. Using the Orthoptera
as a model taxa, we examined the role of mow-
ing and cattle grazing in enhancing the com-
munity structure and species abundances in
short time-scale. We found clearly negative
response in the majority of orthopteran spe-
cies manifested as a decline in numbers. In
contrast, impacts of extensive grazing were not
statistically significant. Although some ordi-
nation diagrams indicated negative influence,
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the response of whole assemblage to grazing
appeared to be species-specific, without uni-
form trend. Amongst all examined species
the grasshopper Gomphocerippus rufus stood
out, the species showed clear positive response
to grazing and, simultaneously, negative re-
sponse to mowing. Our study also brought
evidence for the importance of local landscape
structure. We found significant positive effect
of baulks (grassy edges) on both number of
Orthoptera species and individuals.

The negative impact of mowing can be
mitigated by lower mowing frequency (Bra-
schler et al. 2009, Marini et al. 2009b,
Humbert et al. 2010), postponement of
mowing (Wettstein and Schmid 1999,
Marini et al. 2008, Gardiner and Hassall
2009) and by uncut strips of vegetation left
(Braschler et al. 2009, Marini et al. 2008,
2009b, Humbert et al. 2010, Cizek et al.
2012, Humbert et al. 2012). Advantages of
grazing lie in a more gradual impact of the
treatment and in the creation of a diverse
range of microhabitats (Mladek et al. 2006).
Increased grazing pressure has usually harm-
ful impacts (Kruess and Tscharntke 2002,
Kampmann et al. 2008, Fabriciusova
et al. 2011), still some authors regard irreg-
ular grazing as the best grassland manage-
ment for promoting biodiversity (Kruess
and Tscharntke 2002, Fabriciusova et
al. 2011). Despite negative effects of mow-
ing and grazing management, there is desir-
able to keep in mind that the very existence of
the grasslands depends on it (Marini et al.
2009¢, Cizek et al. 2012).

We have shown that number of species
and individuals of Orthoptera increased to-
wards grassy edges (baulks). The present
study brought two fundamental findings: 1)
we emphasized the importance of uncut ref-
uges (recently established by Humbert et al.
2012); 2) our data support the hypothesis that
orthopterans benefit from the presence of
baulks as constituent of habitat heterogene-
ity. These findings can be related also to other
less mobile arthropods (beetles, caterpillars
or spiders) and might provide even general
implication for other invertebrate and verte-
brate taxa (Humbert et al. 2012).

Based on our findings, we recommend:
(i) to leave uncut grass refuges until the
next mowing event. These refuges should

be placed primarily along baulks or another
types of grassy edge. Leaving of the uncut
strips along dense woody edge appears to
be less effective for grassland fauna. How-
ever, it can be beneficial for ecotonal mecha-
nisms (Ries et al. 2004) and it can be prac-
tical for farmers; (ii) to establish permanent
linear features (e.g. grass baulks) which can
substantially increase the biological value of
agroecosystems, primarily in the conditions
of Central European farmlands, recently af-
fected by agricultural intensification. In our
opinion, the most important target of mod-
ern environmental-friendly grassland man-
agement is to avoid uniformity and to ensure
habitat heterogeneity.
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APPENDIX

Numerical characteristics of presented generalized linear models (statistically significant results only).

Regression coefficients

. Species* - -
Model  Predictor or group for intercept for predictor F P AIC
B B B?

I mowing GomRuf -0.504 1.761 -1.791 0.89 <0.001 371.7
I mowing ChoPar -0.972 -0.009 -0.200 343 <0.05 188.2
I mowing MetRoe -1.854 -0.041 -0.273 3.29 <0.05 98.9

I grazing GomRuf -1.045 -3.370 1.345 5.03 <0.01 394.1

I grazing ChoPar -1.153 -2.108 0.373 3.56 <0.05 187.9
I grazing OmoVir -1.500 0.491 -1.882 3.89 <0.05 147.9
II mowing EutBra -2.133 0.215 4.17 <0.05 428.9
II mowing GomRuf -1.115 -0.612 9.08 <0.005 992.2
I mowing ChoBig -1.668 -0.459 6.67 0.01 570.2
II mowing ChoPar -2.583 0.252 531 <0.05 306.9
I grazing ChoPar -2.369 0.121 -0.022 0.02 <0.05 314.2
I grazing MetRoe -3.861 0.805 -0.326 0.03 <0.05 117.7
I mowing total 0.953 1.006 -0.407 6.00 <0.005 940.9
II1 mowing adults 0.738 0.090 -0.214 9.11 <0.001 411.0
III mowing nymphs -0.631 2.420 -0.788 16.21 <0.001 913.9
I grazing total 1.282 -2.100 0.692 3.57 <0.05 964.0
II1 grazing adults 0.523 -1.545 0.582 3.74 <0.05 432.7
III grazing nymphs 0.650 -3.054 0.791 3.59 <0.05 1050.8
v mowing total 0.801 -0.130 6.47 0.01 2244.6
v mowing adults 0.396 -0.128 4.24 <0.05 2080.0

*: ChoBig = Chorthippus biguttulus, ChoPar = Chorthippus paralellus, ChrDis = Chrysochraon dispar,
EutBra = Euthystira brachyptera, GomRuf = Gomphocerippus rufus, MetRoe = Metrioptera roeselii,
OmoVir = Omocestus viridulus
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Abstract. We studied a population of the Red-winged grasshopper Oedipoda germanica, which is a highly stenotypic and endangered
species in Central Europe. The locality studied is completely isolated and at the northern limit of this species distribution (north-west
of the Czech Republic). We used capture-mark-recapture in 3 consecutive years (2008—2010). We estimated the total population size
using POPAN software to be 136 adults in 2008, 70 in 2009 and 122 in 2010. Estimated daily survival rate (@) ranged from 0.950 to
0.987. We constructed linear mixed models to test for apparent survival in relation to temperature data. Temperatures (i.e. mean air
temperature and maximum air temperature) were found to have significant effects on survival. The population studied is small, isolated
and thus threatened by extinction, as are other O. germanica populations at the northern limit of their distribution. The preservation of
indigenous populations in their localities can be achieved by active management, including the removal of shrubs and trees.

INTRODUCTION

The Red-winged grasshopper, Oedipoda germanica (La-
treille, 1804) is a highly specialized (Wagner, 2000) and
sedentary species (Zoller, 1995; Wagner, 2000). It ranges
from the Pyrenees Mts in the west to the Crimea in the
east, with the main part of its distribution in southern Eu-
rope (Wagner, 2000). The northern limit of this species
distribution runs through the middle of Germany (northern
Westphalia, Thuringia, south of Saxony-Anhalt) and the
western part of the Czech Republic (Wagner, 2000; Holusa
et al., 2009). The northern part of this species distribution
is depicted in Fig. 1. Due to its habitat requirements, this
species is threatened in the northern part of its distribution.
O. germanica is considered to be critically endangered in
both Germany (Ingrisch & Kohler, 1998a; Maier, 2003)
and the Czech Republic (Holusa & Kocarek, 2005; Holusa
et al., 2009).

This species is associated with xerothermic sites with
minimal vegetation cover, typically sparse steppes or rocky
slopes with a southern orientation, which suit the xerophil-
ous and thermophilous requirements of this species (Wag-
ner & Berger, 1996; Wagner, 2000). The imagoes may oc-
casionally occur in dense vegetation, but will immediately
return to areas with bare ground or rock (Zaller, 1995). O.
germanica needs high temperatures for its reproduction
and development (Wagner, 2000; Wagner et al., 2005) and
at their northern limit these conditions can be found pre-
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dominantly on southern slopes with low vegetation cover.
Large part of recently occupied habitats is of anthropogen-
ic origin or preserved by anthropogenic management (e.g.
quarries or grazed hillsides; Wagner, 2000; Holusa et al.,
2009).

The occurrence of O. germanica in the Czech Republic
is restricted to several localities on Bohemian Karst [Cesky
kras] near Prague and in the Central Bohemian Uplands
[Ceské stiedohofi] in north-western Bohemia (Fig. 2). On
Bohemian Karst, there are 7 localities. In the central Bohe-
mian uplands, there is now only a single locality on Kostal
Hill as this species went extinct at other localities in this
area during the 20" century (Holusa et al., 2009). Kost'al
Hill is 60 km away from the closest occupied locality. The
maximum distance that O. germanica is recorded migrat-
ing in the literature is 500 m for a male (Z6ller, 1995) and
204 m for a female (Wagner, 2000) and for the majority of
individuals is much less, with a median life-long disper-
sal distance of around 30 m (Wagner, 2000; Zoller, 1995).
Therefore, Kost'al hill hosts a completely isolated and the
northern-most population of O. germanica in the Czech
Republic.

Populations on the edge of a species distribution are more
likely to be threatened by extinction than central popula-
tions (Soulé, 1973; Lesica & Allendorf, 1995; Thomas et
al., 1998). They often exist in less suitable conditions (Les-
ica & Allendorf, 1995) or are restricted to small areas of fa-
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Fig. 1. Map showing the distribution of Oedipoda germanica in central Europe (according to Thorens & Nadig, 1997; Heller et al.,
1998; Maas et al., 2002; Holusa et al., 2009; Zuna-Kratky, 2011). Position of the locality studied is indicated by a star.

vourable habitat (Lesica & Allendorf, 1995; Thomas et al.,
1998). Isolation is common in such populations and also
typical in species with reduced mobility (Lesica & Allen-
dorf, 1995). Small population sizes and isolation of periph-
eral populations causes loss of genetic variation and related
detrimental processes (Johannesson & André, 2006). On
the other hand, the peripheral populations are of substantial
conservation value in terms of gene-pool protection as well
as evolution and future speciation, since they often differ
genetically from central populations (Soulé, 1973; Lesica
& Allendorf, 1995; Johannesson & André, 2006).

The locality of Oedipoda germanica on Kostal Hill
hosts an isolated and unique population. Our aims were
therefore: (1) To determine the demographic parameters of

this population, including mean daily survival rate (@), not
previously recorded for this species; (2) for the first time,
to test the effect of temperature on survival of O. german-
ica adults; (3) based on our findings and published data, to
propose practical measures for protecting and conserving
this species.

METHODS
Study site

We studied a single population of O. germanica on Kostal
Hill in the south-western part of the Central Bohemian Uplands
[Ceské stiedohoii] (north-western Bohemia, Czech Republic).
Kostal Hill (481 m a.s.l.; 50°29°25.16"N, 13°59°4.93"E; see Fig.
1, 2) is constituted of basaltic rocks with steep slopes and crags

TaBLE 1. Dates when sampled with numbers of newly caught and recaptured grasshoppers and temperature. The temperatures (mean
temp. and mean of maximum temp.) are those for the preceding sampling period with the standard error in brackets. We did not use the
last sampling periods, because in each year no grasshoppers were recorded on the last sampling occasion.

Date 22MJuly 4t Aug 26" Aug 10" Sept 26" Sept 20" Oct 4% Nov
w  New catches 13 4 18 20 13 3 0
= Recaptures 0 0 5 8 7 1 0
" Mean temp. n/a 18.88 (0.85) 15.55 (0.66) 15.07 (0.58) 6.71 (0.86) 8.09 (0.51) n/a
Max. temp. n/a 25.23 (1.24) 20.99 (1.01) 21.01 (0.80) 10.24 (1.24) 12.04 (0.61) n/a
Date 14" July 231 July 9" Aug 24" Aug 8™ Sept 28" Sept 12 Oct
o  New catches 4 3 14 12 7 11 0
S Recaptures 0 4 2 10 9 5 0
" Mean temp. n/a 16.93 (1.22) 13.39 (0.50) 16.36 (0.63) 15.17 (0.91) 13.01 (0.54) n/a
Max. temp. n/a 24.34(1.48)  22.82(0.82)  22.71(1.01)  21.66(1.19)  18.19 (0.74) n/a
Date 5t July 16" July 10" Aug 7™ Sept 23" Sept 14" Oct 30" Oct
o New catches 4 23 33 15 13 0 0
> Recaptures 0 2 14 11 10 1 0
" Mean temp. n/a 20.95 (1.40) 15.53 (0.56) 13.00 (0.83) 10.53 (0.51) 6.63 (0.49) n/a
Max. temp. n/a 28.15 (1.60) 21.57 (0.88) 18.34 (1.00) 14.93 (0.80) 9.79 (0.60) n/a
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Fig. 2. Map showing the recent distribution of the Oedipoda germanica in the Czech Republic. There are 7 localities on Czech Karst
(B, C©), 6 of them near to each other (C). The locality studied (A) is completely isolated in the Central Bohemian Uplands.

(Fig. 3). The northern part of the hill is covered by forest; the
southern part has a rocky character with steppe and forest-steppe
mosaic. The south-eastern slope was formerly used as a quarry.
Rocks and debris on the southern slopes accumulate a large
amount of heat due to their direct exposure to sun shine; hence,
the locality is an “island” of warmer microclimate within an oth-
erwise cooler landscape matrix.

Plant and animal communities on Kostal Hill are typically
xerothermic and include many protected and threatened spe-
cies (Kuncova et al., 1999). The occurrence of O. germanica
on Kostal Hill was recorded for the first time in 1980 (Cejchan,
1980). We measured the current extent of the locality using or-
thophoto maps (software ArcView) after direct inspection in field.
Theoretically, the suitable habitat for O. germanica at this locality
covers an area of approximately 0.53 ha, however, we were only
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able to sample an area of 0.25 ha as much of the area was inac-
cessible because it consists of steep rocks and scarps (see Fig. 3).

Field methods

In order to assess the demographical parameters of the O.
germanica population studied, we used capture-mark-recapture
(CMR) over a period of 3 years (2008-2010). We used a strip
of cloth on a rod to startle the cryptic grasshoppers, which re-
sulted in them displaying their red hindwings and thus revealing
their position. We then caught the specimens using an entomo-
logical net (40 cm in diameter) and marked them using a Uni
Paint Marker. Each individual caught was marked with a unique
combination of colours (red, yellow and green) and a particular
number of transverse lines (1-9) on its forewings and then imme-
diately released. Recaptures of already marked individuals were
recorded. We only marked adult individuals.



Fig. 3. Kost'al Hill, showing the locality of Oedipoda germanica studied.

There were 7 capture occasions each year, the first in July,
when the imagoes began to appear and the last at the end of the
adults-lifespan when no grasshoppers were recorded at this local-
ity (October/November) (Table 1). Sampling was only done when
weather conditions were suitable, i.e. sunny, little wind and high
temperatures. Each sampling occasion lasted for from 2.5 to 3 h
always between 10 a.m. and 2 p.m. (Central European Summer
Time). By the end of the occasion, catches of already marked
individuals often repeated, which indicated sufficient sampling
effort.

We recorded temperatures directly at the locality in the first
year (2008), but this was prevented thereafter due to an unex-
pected malfunction of our data logger. Instead of data-logger
temperatures, we therefore used climatic data from the nearby
meteorological observatory, Milesovka, which is situated 8.2 km
away from the study site. We determined the correlation between
temperatures measured simultaneously at both sites (the study lo-
cality and meteorological observatory) from the 5" August to the
20" October 2008. The mean daily temperature correlation was
0.939, R? = 0.882 and the maximum daily temperature correla-
tion was 0.878, R? = 0.771. Thus the weather at the two sites is
clearly very similar. For the purpose of our analysis is important
the synchronic trend in temperature in time (i.e. the differences in
temperature between individual days), not the absolute tempera-
ture values.

Data analysis

We estimated the daily survival rate for each sampling period
using the software Jolly, model A (Pollock et al., 1990). Model
A considers both mortality and immigration in a computing al-
gorithm. Despite the fact that our study site was isolated from
any other locality, some animals could still migrate to inacces-
sible parts of the locality (see Study site). We therefore can only
estimate apparent survival (P), i.e. the probability of surviving
and remaining in the study area (Lebreton et al., 1992). Based
on the mean daily survival rate, we calculated average residence
time 7 (i.e. average number of days alive) for each year; us-
ing equation 7 = —(In @) according to Matsumoto (1985). We
implemented the Schwarz and Arnason parameterization of the
Jolly-Seber model (Schwarz & Arnanson, 1996) to estimate the
abundance of O. germanica adults on each sampling occasion.
This approach also provides an estimate of the total number of
individuals during one season. The estimates of abundances were
calculated using the POPAN software incorporated in program
MARK (White & Burnham, 1999). We used the values of the best
selected model, which assumes a constant capture probability and
temporal variation in the apparent survival probability (@) and
probability of entry (pent) between sampling occasions.

We tested the effect of temperature on O. germanica’s survival
rate using linear mixed models (LMM) constructed in software
R 3.0.1. (R Core Team, 2013). As our study involved repeated
measurements in time, we used the LMM in order to be able to
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Fig. 4. Estimated numbers of individuals of O. germanica at
the locality studied in each of the 3 years of this study. Value for
each sampling occasion is given along with the standard error.

analyse all the data collected during this study together. The daily
survival rate for each sampling period (i.e. a period between 2
sampling occasions; there were 6 sampling periods in each year)
entered the analysis as a dependent variable, and the date of sam-
pling nested within the year as a covariable (random effect) with
the temperature values as predictors (fixed effect). We tested the
effects of mean temperature (sum of mean daily temperatures in
a sampling period divided by a number of days in the period) and
mean of maximum temperatures (sum of maximum daily tem-
peratures in a sampling period divided by a number of days in
the period) separately. The residuals of the dependent variable
were tested using t-statistic with Bonferonni correction in order
to pinpoint the outliers, which led to exclusion of one value (test
value —2.144; p = 0.032). The most appropriate transformation
of predictors was selected by stepwise regression on the basis of
the lower AIC (Akaike information criterion) value. Statistical
significance of individual factors was tested using F-tests. In the
LMM, separate regression coefficients were tested using t-tests.

RESULTS

The estimated total population size at the locality was
136 (SE 28.5) adults in 2008, 70 (SE 8.5) in 2009 and 122
(SE 12.7) in 2010. The difference in the population size
between 2008 and 2009 was about 49%, which indicates
the population fluctuates from year to year. The trends in
the population sizes of O. germanica recorded in the dif-
ferent years are depicted in Fig. 4. The maximum recorded
live span of adults was 101 days, which was for a female
marked on the 5" of July 2010 and recaptured for the last
time on the 14" of October 2010 (note that it was the only
individual observed on that sampling occasion).

Mean daily survival rate was 0.950 in 2008, 0.970 in
2009 and 0.987 in 2010. This entails an estimated aver-
age residence time (number of days alive) of 19 days in
2008, 32 days in 2009 and 76 days in 2010. The results

of the LMM s indicate a significant positive effect of both
mean temperature and maximum temperature (i.e. mean of
maximum temperatures) in a sampling period on the daily
survival rate of O. germanica adults (Table 2). Used val-
ues of temperatures with their standard errors are given in
Table 1.

DISCUSSION

Over a period of three years (2008—2010) we studied an
isolated population of O. germanica on Kostal Hill, in the
Czech Republic. The size of the population was relatively
small and fluctuating. We documented a positive relation-
ship between temperature and survival of O. germanica
adults for the first time. Based on our and other authors’
findings, we propose several ways of improving the con-
servation of this endangered species.

Population of Oedipoda germanica

The estimated total population size in each of the three
years was about 100 individuals with high inter-seasonal
fluctuations (difference in the population size between the
years 2008 and 2009 was 49%). Minimum viable popula-
tion (MVP) for most animal species is reported to be a few
thousand individuals (Traill et al., 2007) and for insects
even over 10,000 individuals (Griebeler & Gottschalk,
2000; Traill et al., 2007). Based on this, the size of the pop-
ulation studied is very small and potentially at a high risk
of extinction. This is not in accordance with the finding of
Wagner (2000), who calculated an MVP for O. germani-
ca of only 20-80 females (or 40—160 individuals) which
should provide a population survival probability of 95%
over 20 years. Although the MVP can vary substantially
across species and even populations (Flather et al., 2012;
Jamieson & Allendorf, 2012), Wagner’s estimate seems to
be too optimistic. First, his results evidently refer to the ef-
fective population size, which usually includes only a small
proportion of the whole population (Frankham, 1995).
Secondly, his model used population values obtained under
laboratory conditions, but survival in wild populations ex-
posed to more variable conditions may be lower. Thirdly,
an attempt to re-establish O. germanica in a suitable habi-
tat near Jena ended by extinction of population with just
slightly less initial level than Wagner’s MVP (19 females)
after 3 years (Wagner, 2000; Wagner et al., 2005).

Near its northern limit, O. germanica is found in small
populations, usually below 300 individuals (Nichuis, 1991;
Hess & Ritschel-Kandel, 1992; Sander, 1995; Zoller, 1995;
Meineke & Menge, 1997; Klingelhofer, 1998; Maier,
2003; Klusacova, 2013; this study) or possibly around
1000 individuals (population in Steudnitz, see Wagner,
2000), which are well below the generally accepted MVPs

TaBLE 2. Linear mixed models (LMM) of the effect of temperature on the daily survival rate of adults of O. germanica.

Regression coefficient Standard error Df t-value p-value
Intercept 0.878 0.039 8 22.020 <0.001
Mean temperature 0.006 0.002 8 2.416 0.042
Intercept 0.870 0.043 8 20.192 <0.001
Max. temperature 0.005 0.002 8 2.429 0.041
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for insects (Traill et al., 2007). At all of these peripheral
localities, O. germanica occurs on isolated islands of spe-
cific thermophilic habitats, (Zoller, 1995; Wagner, 2000;
Maier, 2003; Reinhardt et al., 2005), its dispersal ability is
low (Zoller, 1995; Wagner, 2000) and the area of suitable
habitat at these localities is very small, often below 1 ha
(e.g. Wagner, 2000; Maier, 2003; Klusacova, 2013). Thus
populations of O. germanica near the northern limits of its
range are similar and thus conservationists in Central Eu-
rope face the same problems when protecting this species.
Many O. germanica populations in Central Europe went
extinct during the 20™ century (Kohler & Wagner, 2000;
Wagner, 2000; Reinhardt et al., 2005; Holusa et al., 2009)
and the threat of extinction remains for the rest of the popu-
lations.

Effect of temperature on survival and implications for
Oedipoda germanica conservation

Our results indicate that the survival of O. germanica is
very dependent on temperature (Table 2). Temperature is
an important factor for grasshoppers as the whole of the
Acrididae generally are thermophilic (Ingrisch & Kohler,
1998b). O. germanica is especially thermophilic (Zoller,
1995). Wagner (2000) reports that its eggs require 173 de-
gree-days above 15°C to complete their development and
the nymphs require high temperatures to grow. Wagner et
al. (2005) point out, that both microclimatic temperatures
and macroclimatic long-term temperatures are of particular
importance for O. germanica. Our results are therefore in
agreement with previous findings and extend them. To the
best of our knowledge, this is the first report of the influ-
ence of temperature on the survival of O. germanica adults.
We recorded a significantly positive relationship between
temperature and the survival rate of O. germanica adults.

Shading of the vegetation modifies the microclimate
unfavourably because the ground under such vegetation
is cooler than unshaded ground (Monteith, 1975; Runyan
et al., 2012) and therefore can adversely affect tempera-
ture-dependent survival. The overgrowing of localities
due to changes in land use is considered to be a leading
cause of local extinction or endangerment of O. germanica
(e.g. Hess & Ritschel-Kandel, 1992; Zoller, 1995; Kohler
& Wagner, 2000; Holusa et al., 2009). Consequently, in
agreement with other authors (Niehuis, 1991; Hess &
Ritschel-Kandel, 1992; Zoller, 1995; Maier, 2003), we rec-
ommend the removal of trees and shrubs from overgrown
localities and subsequent control of succession. Grazing
by goats and sheep, which in the past probably resulted in
substantially larger areas of suitable habitat, is possibly the
most suitable way of achieving this.

O. germanica is a rare habitat specialist with a low dis-
persal ability and therefore very susceptible to extinction
(Reinhardt et al., 2005). Hence, this species deserves the
attention of nature conservationist. An important part of
O. germanica conservation is the preservation of isolated
peripheral populations, which may have unique genetic
adaptations (but see Reinhardt & Kohler, 2002) for sur-
vival in the less favourable conditions at the edges of its
distribution. Thus, even the relatively small population as

on Kostal Hill should have a high priority in terms of con-
servation.
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Abstract. 1. Semi-natural habitats in Europe host a substantial proportion of
biodiversity, but they experience biodiversity loss due to ongoing agricultural
changes. We regard the Rattle grasshopper (Psophus stridulus) as a charismatic
species of species-rich submontane xerothermic grasslands. To enable conservation
of the species and its habitat, we studied the habitat preferences of this formerly
abundant grasshopper, now threatened and declining in many European countries.

2. In 2011, we applied capture-mark-recapture method to sample adults at
four localities (Czech Republic), each divided into two subplots with different
management and character of vegetation. In 2012, we carried out a more exten-
sive study on habitat preferences, evaluating 179 grassland patches (24% of
them occupied by P. stridulus). For each site, we recorded vegetation character-
istics (sward height and density, cover of vegetation components, percentage of
bare ground), slope, inclination and agricultural management. We used multi-
state models in MARK software to analyse survival and movement probabili-
ties between different subplots. Data from the 2012 large-scale study were
analysed by fitting several regression models.

3. The results show that the species preferred south-facing slopes with sparse,
short vegetation and with patches of bare ground. Sward density was the most
important predictor of species presence.

4. For species conservation, we recommend controlling succession on the
localities by regular management (grazing or cautious mowing) to maintain
optimal habitat with sparse sward. We promote P. stridulus as a flagship and
umbrella species of species-rich submontane xerothermic pastures.

Key words. Flagship, grasshopper, grassland, habitat preference, management,
Psophus, survival, sward, vegetation.

Introduction particularly on the regional and local scale (Sodhi ez al.,

2004; Biesmeijer et al., 2006; Vogt-Schilb ez al., 2015). In
Preservation of biodiversity is the priority of conservation Europe, agriculture plays the key role, because a substan-
biology. We have been observing severe biodiversity loss — tial part of European biodiversity dwells in semi-natural
not only on the global scale (Dirzo & Raven, 2003), but or artificial habitats, depending mainly on traditional

farming practices (Bignal & McCracken, 1996). Agricul-
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Verhulst et al., 2004; Liitolf ez al., 2009; Uchida & Ushi-
maru, 2014). These negative agricultural trends are still
ongoing (Stoate et al., 2009) and today they threaten
notably the traditional agricultural landscape in eastern
and south-eastern Europe (Donald er al., 2001; Try-
janowski et al., 2011). Although in Western Europe tradi-
tional agriculture has almost disappeared, in eastern states
such as Romania or Bulgaria, it still persists as an integral
part of a valuable, traditionally managed landscape (Cre-
mene et al., 2005; Tryjanowski et al., 2011). By its fea-
tures, landscape in the Czech Republic, Central Europe,
falls somewhere between highly intensified Western Eur-
ope and well-preserved Eastern Europe. Remnants of tra-
ditional agricultural practices have survived in the
Carpathian area near the Slovakian border where local
grasslands form a biodiversity hotspot of the Czech
Republic (Pavelka & Trezner, 2001; Malenovsky et al.,
2011; Chytry et al., 2015).

The Rattle grasshopper, Psophus stridulus (Linnaeus,
1758), has a Eurosiberian distribution, extending from
Spain to Mongolia in the east, and to Scandinavia in the
north (Kocarek et al., 2005). In the northern part of its
range (Finland, Poland), it is found mainly on sandy
habitats with very sparse vegetation (Vaisanen et al.,
1991; Bonsel & Runze, 2000; Bonsel, 2004), whereas pop-
ulations located in southern part of its distribution
(Spain) inhabit mesophilous pastures and mountain mead-
ows (Olmo-Vidal, 2006). In Central Europe, it is a typical
element of the traditionally managed submontane grass-
lands (Buchweitz, 1993; Spitzer, 2007; Kocdrek et al.,
2013). Sunny patches inside the grassy habitat are essen-
tial for its egg development (Hemp & Hemp, 2003).
Nymphs and females are sedentary and they usually spend
all their lives within a few square metres (JanBen & Reich,
1998; Hemp & Hemp, 2003; Weibart & Fischer, 2006).
Male mobility is higher; however, they leave their birth
site only rarely (JanBen & Reich, 1998; Weibart & Fis-
cher, 2006). The longest recorded movement of a male
has not exceeded 700 m (Buchweitz, 1993). Habitat speci-
ficity and the low dispersal ability of P. stridulus predis-
pose the species to extinction (Reinhardt etz al., 2005).

This formerly abundant grasshopper in Europe began
its decline during the second half of the 20th century. At
present, it is extinct in Belgium and the Netherlands
(Olmo-Vidal, 2006). In Germany, it has lost 55% of its
localities since 1980 (Gruttke & Haupt, 2005; Reinhardt
et al., 2005) and become extinct in several federal states
(Hemp & Hemp, 2003). Severe population trends have
also been reported from France (Luquet, 1982), Finland
(Vaisanen et al., 1991), Sweden (Kindvall et al., 1993),
Spain (Olmo-Vidal, 2006), Lithuania (Budrys & Pakal-
niskis, 2007), Poland (Gtowacinski & Nowacki, 2004;
Theuerkauf et al., 2005) and the Czech Republic (Pecina,
1982; Holusa, 2000; Spitzer, 2007). Psophus stridulus
shares its habitat with threatened plants (Pavelka & Trez-
ner, 2001), butterflies (Vaisanen et al., 1991; Spitzer et al.,
2009a,b), bugs (Rohdcova, 2011), spiders (Majkus, 2000)
and other organisms. It can therefore be regarded as
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surrogate species associated with species-rich submontane
xerothermic grasslands. At the same time, P. stridulus is a
large species with colourful wings, producing a specific
sound unlike other grasshoppers, making it a charismatic
candidate for a flagship species (sensu Simberloff, 1998).

Here, we focused on the habitat preferences of P.
stridulus. We recorded various habitat parameters, includ-
ing agricultural management, in order to: (i) assess how
the parameters affect survival and spatial movements of
imagoes on a fine scale, and (ii) evaluate occurrence of
the species in relation to these parameters on a large scale.
On the basis of our results, we propose conservation man-
agement of P. stridulus as a charismatic flagship species,
which can sustain conservation of submontane xerother-
mic grasslands.

Methods
Study sites

Our research took place in the Vsetinské vrchy Mts.
(Czech Republic) in the Western Carpathians; particularly
along valleys of five small tributaries of the Bec¢va River
(environs of the villages Hovézi, Huslenky, Halenkov and
Novy Hrozenkov). The study sites were situated at eleva-
tions of 430-700 m above sea level. The Western
Carpathians are considered as a biodiversity hot-spot of
the Czech Republic (Pavelka & Trezner, 2001; Malen-
ovsky et al., 2011; Chytry et al., 2015), with the most
abundant populations of P. stridulus within the country
(Kocdrek et al., 2013). The local region, named Wal-
lachia, is characterised by scattered settlements and a
mosaic of pastures, meadows, small fields, orchards and
woods. In contrast with the rest of the Czech Republic,
larger remnants of traditional land use situated in remote
valleys have survived even communist-era collectivisation.

The research was carried out on two spatial scales, in
2011 and 2012. In 2011, we performed a capture-mark-
recapture (CMR) study of four P. stridulus populations
within the study area. At each of the four localities, two
subplots were delimited (see Fig. 1 and Table SI for exact
location and area). The two subplots (A and B) were situ-
ated immediately next to each other and differed in vege-
tation (as a result of different agriculture management).
Distance between the two closest localities (3 and 4) was
2.4 km. Thus, given the low mobility of the species, move-
ments between the localities were assumed to be highly
unlikely. In 2012, we performed an extensive study on
habitat preferences, surveying a substantial part of grass-
land patches in the area.

Field methods
In both 2011 fine-scale study and 2012 large-scale

study, sampling was performed when P. stridulus was
most active (i.e. between 10 a.m. and 4:30 p.m. CEST)
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Fig. 1. Study area in the Czech Republic — location of four localities studied in 2011 (1, 2, 3, 4) and, in enlarged frame, location of grass-
land patches evaluated in 2012 (triangles; one triangle often represents more than one patch).

and only under favourable weather conditions (direct sun-
shine, temperature >17 °C, not wet vegetation and no
strong wind). Vegetation variables for subplots/patches
(Table 1) were estimated (vegetation height measured)
within circles of 1 m radius around selected points pro-
portionally representing vegetation structure on each
patch.

Capture-mark-recapture (CMR) study at four localities
was performed during the 2011 season. In each, seven
sampling occasions were done during August and Septem-
ber. Adult grasshoppers were captured using entomologi-
cal net (40 cm in diameter) after being detected visually
or acoustically. Each individual was marked by a unique
number written on its forewings. The marking was done

Table 1. Environmental variables used in the 2011 fine-scale study (FS) and the 2012 large-scale study (LS).

Variable name Type Description Used in
Date* Numeric Date of patch visit FS, LS
Time* Numeric Time of patch visit (closest hour) FS, LS
Sunshine* Ranked 1 = clear sky, 2 = partially cloudy, 3 = overcast FS, LS
Wind* Ranked Wind intensity on scale 0-3 FS, LS
Temperature* Numeric Obtained from the nearby meteorological station” FS, LS
Sward height Two numeric variables Height of lower (E1) and upper (E2) storeys FS, LS
Cover of vegetation Three numeric variables Tall vegetation (E2), forbs, grasses. In per cent of total area FS, LS
Bare ground One numeric variable Bare ground in percent of total area FS, LS
Sward density Ranked 1 = sparse, 2 = intermediate, 3 = dense FS, LS
Management Factor, six states Intensively mown (>1 cuts per year), non-intensively LS

mown (1 cut per year or less), improved sheep pasture,

non-improved sheep pasture, cattle pasture (improved),

abandoned or afforested
Aspect Factor, five states Aspect of slope: north, east, south, west, plain LS
Slope Numeric Slope inclination angle in degrees LS
Area* Numeric Area of a patch in ha LS
Altitude* Numeric Altitude of a patch in m a.s.l. LS

Variables, treated in the 2012 LS study as covariables, are marked by an asterisk.

In the 2012 large-scale study, maximum temperature in a sampling day was used. In the 2011 fine-scale study, several temperature

variables were used — see Data analyses for specifics.

© 2017 The Royal Entomological Society, Insect Conservation and Diversity, 10, 310-320



by permanent black marker. After marking, grasshoppers
were released immediately at the place where caught. Pre-
viously marked individuals were recorded. For each indi-
vidual, we noted its sex and whether it was caught at
subplot A or B. To ensure standard sampling effort, local-
ities were walked over always at the same pace along
transects 3 m apart. During each sampling occasion, we
measured environmental variables using 10 points on each
subplot. Values from the 10 points were merged into an
average value for the whole subplot and particular sam-
pling occasion (Table 1).

In 2012, we performed a large-scale study on habitat
preferences of P. stridulus. In total, we examined 179 grass-
land patches, a majority of grasslands in five valleys of the
Becva river tributaries, particularly around previously
known patches with P. stridulus. Out of these, 43 (24%)
were occupied by P. stridulus. The patches were homoge-
nous grassland sites, delimited by natural boundaries such
as forest edges, hedgerows and roads, or by different agri-
cultural management and aspect. Because of the fine land-
scape mosaic, the patch areas were rather small, with the
size amounting to about 0.6 ha (SD = 0.49). Patches were
chosen in consideration of their heterogeneity and charac-
teristics (i.e. slope, inclination, vegetation type and manage-
ment). Each patch was visited once — the number of the
individuals observed (or their absence) was noted and the
characteristics of a patch were evaluated. The evaluation
took place between 31 July and 18 August 2012.

Vegetation variables for patches (Table 1) were
obtained as averages of measures from three points on
each patch. Area, altitude and inclination were obtained
from 1:10 000 maps; slope was calculated according to
the same maps. Data on agricultural management were
obtained from land owners and directly from the field.
We classified six management treatments (Table 1). In
some cases (31 patches), a combination of two treatments
on one patch occurred. If sheep pasture, we recognised
‘improved sheep pasture’ and ‘non-improved sheep pas-
ture’. This classification was based on the actual appear-
ance of the pasture: we considered a patch with
nitrophilic vegetation as an improved pasture, whereas a
patch with oligotrophic and often floriferous vegetation as
a non-improved pasture. All patches grazed by beef cattle
were nitrophilic (improved), thus the sole treatment cate-
gory ‘cattle pasture’.

Data analysis

Data from the CMR study were processed in the pro-
gram MARK 7.1 (Cooch & White, 2013). We constructed
multistate models, which calculate survival and capture
probabilities of individuals and also the probability of
their movement between states or locations (Cooch &
White, 2013); in our case, movement between subplots A
and B. Into these models, we added environmental vari-
ables (Table 1) and tested the effect of environment on
apparent survival and capture probability (sensu Lebreton
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et al., 1992). For constraining the capture probabilities,
values of variables from particular sampling days were
used; for constraining the survival, we used mean values
from two sampling days, which defined the particular
sampling interval. For temperature, maximum tempera-
ture in a particular day was used for the capture probabil-
ities. For survival, two temperature variables were used: a
minimum temperature and mean temperature during the
sampling interval.

MARK software compares and ranks models by means
of the Akaike Information Criterion for small sample
sizes (AIC¢) (Burnham & Anderson, 2002). A set of mod-
els ranked by AICc was run for each locality. Finally, we
selected the models with the strongest support in the data
(i.e. AICc weight >0.03). Obtained subsets of multistate
models represent the impact of tested environmental and
habitat characteristics on P. stridulus’s survival.

To show preference between the two different subplots
on a locality, we compared survival probabilities on the
subplots and movement probabilities between the sub-
plots. We used the model averaging function in MARK,
which gives a weighted average of the parameter from the
whole subset of models. Next, we compared values of veg-
etation characteristics measured on individual subplots by
t-test. Differences in survival, movements and vegetation
together indicate the habitat preferences.

To determine environmental factors best predicting
P. stridulus abundance in each patch in 2012, we fitted
generalised linear models (GLMs) with negative binomial
error distribution and log link function in R software
3.2.0 (R Core Team, 2015) with predictors and covari-
ables as listed in Table 1. The date was coded as the num-
ber of days from the beginning of the year; time was
coded as the whole hour closest to the patch visit. Aspect
of slope and categories of management were coded using
‘fuzzy coding’ (Leps & Smilauer, 2000), which allowed us
to represent, for example, south-eastern aspect (half
south, half east), or mixed management on some patches
(combination of two categories). The selection of the most
parsimonious combination of environmental variables in
the final model was based on the lowest Akaike informa-
tion criterion (AIC), combining both forward and back-
ward selection. In the stepwise regression, each
quantitative variable occurred in both a linear and quad-
ratic form. The effect of environmental variables on the
species abundance was tested by analysis of deviance
using a chi-squared test.

To remove variation explained by covariables (Table 1),
we first fitted a GLM only with covariables as explana-
tory variables. Pearson residuals from this model were
used as dependent variables in another GLM with normal
error distribution and with non-confounding environmen-
tal factors as explanatory variables. Residuals were
adjusted to normality by square root transformation.
Final combination of explanatory variables was defined
by stepwise regression and its partial effect was tested by
analysis of deviance with type II sum of squares using an
F test.
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We continued by testing of individual environmental
variables by fitting of single-effect generalised linear mod-
els (GLMs) in Canoco for Windows 4.5 (TerBraak &
Smilauer, 2002) and CanoDraw for Windows 4.0. We
used the same data with the same coding as for the com-
plex model constructed in R but the environmental vari-
ables were dependent in these models and the occurrence
of P. stridulus was entered as presence/absence on the
individual patch. Constructed GLMs had Poisson distri-
bution and link function log.

Results

In total, 252 males and 29 females of P. stridulus were
marked during the CMR study in the four study localities
in 2011 (mean recapture rate 37.4%). Because of the low
number of females, the analysis was done for males only.
Mobility of males was low — the majority of recorded
movements (82%, n = 55) were shorter than 70 m, often
considerably less. The longest movement was 180 m. In
2012, 179 patches were evaluated. Psophus stridulus was
observed on 24% of patches with a total number of 326
individuals (among them, only five females).

To evaluate the effect of environmental parameters on
survival probabilities (Table S2) in populations under the
CMR study, we constructed a set of multistate models for
each locality studied with the highest AICc weights
(Table S3). Within the models, survival was most mark-
edly affected by sward density, height of vegetation (EI,
E2, proportion of tall vegetation), proportion of bare
ground and temperature (mean, minimum). Cover of
grasses and forbs was also locally important (localities 3
and 4).

We compared estimates of apparent survival and move-
ment probability between the subplots (differing in man-
agement and character of vegetation) to evaluate habitat
preferences (Table 2). The estimates of survival and move-
ment probabilities are useful particularly in combination
with data on vegetation characteristics (Table S4). Com-
bined results (Tables 2 and S4) from locality 1 (with the
most robust data) show higher survival and immigration
probability on subplot 1A with lower and sparse vegeta-
tion and with a higher proportion of bare ground as

compared to subplot 1B. Recapture data from locality 2
were insufficient for full analysis (see Table S2) because of
low capture rates and aggregated distribution of grasshop-
pers. The majority of captured grasshoppers occurred on
a small (about 5 x 10 m) site near the edge of subplot
2B, where the vegetation was very sparse with lower
height and lots of bare ground. Locality 3 showed slightly
higher survival on 3B (subplot with low but denser vege-
tation), but probability of immigration was higher for 3A
(subplot with tall but sparse vegetation). Survival on
locality 4 did not differ between subplots. Movement
probability, on the other hand, was markedly higher in
direction from 4A to 4B. Vegetation characteristics within
locality 4 did not differ significantly, except for sward
density, which was significantly lower on subplot 4B.
Additionally, we observed relatively high coverage of
forbs on suitable subplots within all four localities. The
ratio of forbs:grasses was always higher on a subplot with
higher survival compared to a subplot with poor survival
(although not always statistically significantly) (Tables 2
and S4).

Data from the 2012 large-scale study were tested by
GLMs in R software. The most parsimonious model
included the following variables: ‘sward density’ + ‘aspect
(east)” + ‘improved sheep pasture’. It explained 33.4% of
variation in abundances of grasshoppers. (Table 3). Spe-
cies abundance was negatively influenced by sward den-
sity, which was the most important predictor in the model
(explaining 30% of the variation). The influence of eastern
aspect was moderately negative. Eastern aspect as an
explanatory variable was chosen by the stepwise selection
because southern and northern aspects were highly corre-
lated with other variables. The third predictor in the
model — improved sheep pasture — also had negative effect
(Table 3).

Single effects of environmental variables according to
P. stridulus’s presence are covered in Fig. 2 and Table 4.
Testing of aspect and slope confirmed that P. stridulus
preferred south-facing slopes. It is probably absent from
sites situated on both north-facing patches and plain ter-
rain (Fig 2a, b). The height of both vegetation layers (E1,
E2 - Fig. 2c) and the proportion of tall vegetation
(Fig. 2e) also had a significant effect on the occurrence of
P. stridulus. All these three models document P. stridulus’s

Table 2. Average daily survival of Psophus stridulus males on subplots A and B and probabilities of movement from A to B and from B

to A are given for each locality.

Locality Survival on A Survival on B Movement A—B Movement B—>A

1 0.9602 0.9267 0.0391 (SE = 0.020) 0.2083 (SE = 0.109)
2 0.7810 0.9071 n/a n/a

3 0.9633 0.9738 0.1011 (SE = 0.106) 0.1811 (SE = 0.095)
4 0.9654 0.9657 0.3927 (SE = 0.171) 0.1258 (SE = 0.087)

Values of survival probability are averages of estimates from six recapture intervals (see Table S2 for all estimates). The estimates of
survival and movement probability were derived from MARK'’s multistate models (Table S3) using the model averaging function.
Movement probabilities for locality 2 are not available because of data insufficiency.
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Table 3. Results of the GLM with Psophus stridulus abundance as dependent variable — regression coefficients and partial effects of

variables in the most parsimonious model.

Partial effects

Variable Estimate SE t P d.f. Deviance F P
(Intercept) 2.189 0.320 6.85 <0.0001 234.38

Sward density —1.133 0.130 —8.74 <0.0001 1 336.60 76.32 <0.0001
Aspect — east —0.445 0.214 -2.08 0.039 1 240.15 4.31 0.039
Management — ISP —0.648 0.321 —2.02 0.045 1 239.83 4.07 0.045

ISP, intensive sheep pasture.

preference for low vegetation. The species occurred mainly
on sites with sparse sward and low cover of grassy vegeta-
tion (Fig. 2d). Moreover, P. stridulus was found predomi-
nantly on patches with a high proportion of bare ground
(Fig. 2e). These interrelated variables (sward, cover of
vegetation, bare ground) indicate the requirement of the
species for sparse vegetation. Finally, intensively mown
sites and improved sheep and cattle pastures were unsuit-
able for P. stridulus (Fig. 2f). The species occurred exclu-
sively on non-improved sheep pastures or non-intensively
mown meadows.

Discussion

Survival and movement probability in relation to vegetation

(fine scale)

For the first time, we present Psophus stridulus’s appar-
ent survival probability (®). The daily survival probability
of about 0.96 is similar to the estimates of Besnard et al.
(2007) who studied the endangered grasshopper Pri-
onotropis hystrix (Germar, 1817). The low number of
females in our study was probably caused by the combi-
nation of the naturally unbalanced sex-ratio and the hid-
den way of life of the females, which complicates their
detection (Bonsel, 2004; Weibart & Fischer, 2006).

The results show higher survival and higher probability
of immigration on habitats with sparse and low vegetation
(most evident for locality 1 with the most robust data).
Sward density was the key feature — P. stridulus migrated
to sites with lower sward density, even if there was higher
vegetation (locality 3) or the difference in vegetation
height was negligible (locality 4). Moreover, on all four
localities, subplots with higher apparent survival had
higher forbs:grasses ratio (Tables 2 and S4). As P. stridu-
lus feeds on dicotyledon forbs, mainly Asteraceaec and
Apiaceae (Ingrisch & Kohler, 1998; Kocarek et al., 2013),
the phenomenon can be explained by food accessibility
(see Masloski et al., 2014).

Habitat preferences on the large scale

Sward density was the most important predictor and it
had negative effect on species abundance. The next two

variables in the regression model — eastern aspect and
improved sheep pasture, had milder negative influence.
North-south orientation (which is for the species substan-
tial — see Fig. 2a and Table 4) dropped out from the
model because of high correlation with other variables.
Negative effect of ‘improved sheep pasture’ represents the
unsuitability of habitats with nitrophilic vegetation.

The species was common on warm southern slopes
(Fig. 2a, b). According to our field experiences, it sporadi-
cally occurs also on western and eastern slopes. This
could be the explanation for the statistically insignificant
influence of west- and east-facing slopes (Table 4). Besides
the western and eastern aspects, the only insignificant
variables in the set (Table 4 and Fig. 2) were ‘cover of
forbs’ and the category of management ‘abandoned or
afforested’. Cover of forbs is most likely variable with
ambiguous influence on the occurrence of P. stridulus. On
the one hand, the high cover of vegetation is unsuitable
for the species; on the other, dicotyledon forbs are its
main food source (Ingrisch & Kohler, 1998; Kocdrek
et al., 2013).

Synthesis

All the results (multistate models, survival and move-
ment probabilities, complex GLMs, single-effect GLMs)
together convincingly describe habitat preferences of the
grasshopper P. stridulus. The species preferred south-
facing slopes with sparse, short vegetation and patches of
bare ground. Density of the sward was the most impor-
tant predictor. The grasshopper occurred exclusively on
non-improved, poor sheep pastures or non-intensively
mown meadows. In general, these results are in agreement
with previous studies (Buchweitz, 1993; Kolb & Fischer,
1994; Hemp & Hemp, 2003; Weibart & Fischer, 2006),
which were spatially and exploratively less extensive.

South-facing slopes with sparse, short vegetation and
bare ground are obviously preferred because of the warm
microclimate, which is probably needed for successful egg
and larval development (Hemp & Hemp, 2003; Weibart &
Fischer, 2006). Also, activity of the adults is bound to
warm sunny weather. If sun radiation is interrupted by
clouds, the activity of the grasshoppers almost immedi-
ately ceases (Rada & Spitzer observ.). Despite its ther-
mophilia, the species does not inhabit young successional
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Table 4. Numerical results of single-effect GLMs modelling the
presence or absence of Psophus stridulus in relation to various
environmental variables.

Regression coefficients

Env. variables F P Intercept Predictor
Aspect-north 24.23 <0.001 —1.778 -9.013
Aspect-east 0.005 0.058 —1.343 —0.020
Aspect-south 21.05 <0.001 —1.674 1.048
Aspect-west 0.052 0.181 —1.636 0.072
Aspect-plain 22.71 <0.001 —1.674 —8.116
Slope 12.69 <0.001 2.734 0.252
El 34.20 <0.001 2.689 —0.475
E2 421 0.042 3.818 —0.138
Sward density 149.51 <0.001 0.956 —0.502
Grasses 36.12 <0.001 —0.534 —0.320
Forbs 2.00 0.159 —0.638 0.067
Tall vegetation 9.70 <0.005 —2.744 —0.596
Bare ground 28.67 <0.001 —4.129 1.450
mng-IM 27.31 <0.001 —1.031 —2.730
mng-ISP 12.53 <0.001 —2.205 —8.585
mng-NIM 9.31 <0.005 —1.479 0.713
mng-NISP 22.57 <0.001 —2.109 1.293
mng-CP 7.98 <0.01 —2.661 —8.128
mng-AoA 0.86 0.356 -2.172 —0.491

Categories of management (mng): IM, intensive mowing; ISP,
improved sheep pasture; NIM, non-intensive mowing; NISP,
non-improved sheep pasture; CP, cattle pasture; AoA, abandoned
or afforested. For characterisation of variables, see Table 1.

stages of vegetation. Psophus stridulus requires a specific
grassland habitat which is in mid-successional stage and
moreover stable (Kolb & Fischer, 1994; Bonsel & Runze,
2000; Hemp & Hemp, 2003), where the growth of dense
and tall vegetation is prevented by natural or anthro-
pogenic conditions. This is an important difference from
other related thermophilous grasshoppers, such as Oedi-
poda caerulescens (Linnaeus, 1758) or Sphingonotus caeru-
lans (Linnaeus, 1767), which prefer initial successional
stages (Ingrisch & Kohler, 1998; JanBen & Reich, 1998;
Kocarek et al., 2013). Moreover, unlike the above-men-
tioned two species, P. stridulus has very low mobility and
is thus handicapped from colonising new localities.

The habitat preferences of P. stridulus seem to be
conspicuously similar to those of the critically endan-
gered butterfly Argynnis niobe living in the same area
(Spitzer et al., 2009b). Another butterfly species, which
often shares localities with P. stridulus (Nagy et al.,
2005; Spitzer et al., 2009a), is the Large Blue, Phengaris
arion (Linnaeus, 1758). Their requirements differ only
slightly which might be used in nature conservation (see
later).

Conservation implications

The major factor threatening insect populations is a
recognised habitat loss (e.g. Thomas, 1991; Wilcove et al.,
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1998; Henle et al., 2004; Van Swaay et al., 2010), which is
also true for P. stridulus (Buchweitz, 1993; Kolb & Fis-
cher, 1994; Weibart & Fischer, 2006). In agreement with
other authors (Buchweitz, 1993; Kolb & Fischer, 1994;
Weibart & Fischer, 2006), we recommend to control suc-
cession on the P. stridulus’s localities by regular manage-
ment or at least ‘one-shot’ maintenance treatments.
Management should follow the above-mentioned habitat
preferences to maintain sparse short turf with patches of
bare ground. The most appropriate means would seem to
be indigenous grazing management, the impact of which
is gradual, creating a range of microhabitats, including
patches of bare ground (Mladek er al., 2006; Rosenthal
et al., 2012). Another option (often more accessible) is
mowing. It should be performed gradually with uncut
refuges left, which decrease mortality caused by the mow-
ing process (Humbert ef al., 2012) and increase habitat
heterogeneity at the same time. According to our experi-
ences, proper management depends on the substrate on a
locality — if stony and extremely poor, occasional mowing
is sufficient, but if more fertile, grazing (or mowing in
combination with grazing) is needed in order to prevent
thickening of the sward. Last but not least, it is important
to restrict government-provided afforestation subsidies to
farmers. A substantial area of grasslands in economically
peripheral areas (including our study area) was trans-
formed into forests during the 20th century (Hrnciarova
et al., 2009), often destroying populations of P. stridulus
and/or other endangered species. Therefore, the destruc-
tion of valuable grasslands is at present accelerated by
government-provided subsidies.

We promote the Rattle grasshopper Psophus stridulus
as a flagship species for conservation of the valuable
xerothermic submontane grasslands. Another recognised
flagship (and umbrella) species for this habitat is the
Large Blue butterfly, Phengaris arion (Simcox et al., 2005,
Spitzer et al., 2009a). These two species have similar habi-
tat requirements differing only slightly — they often occur
together (Nagy et al., 2005; Spitzer et al., 2009a); never-
theless P. arion’s optimum lies in older stages of succes-
sion (Varga-Sipos & Varga, 2005; Spitzer et al., 2009a).
Both species are dependent on agricultural/conservational
management (Spitzer et al., 2009a; this study). Therefore,
it would be beneficial to maintain xerothermic submon-
tane grasslands in order to support both species. This
‘umbrella tandem’ could be effective in conservation of
species richness in the xerothermic submontane grass-
lands.
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Supporting information

Table S1: Exact location and area of localities sampled in 2011 Capture-mark-recapture study. Distance between
the two closest localities (3 and 4) was 2.4 km. Subplots on localities were located immediately next to each
other (distance 0 m).

. Area of
GPS coordinates whole locality subplot A subplot B
Locality 1 49°19'15"N, 18°4'25"E 1.04 ha 0.69 ha 0.35ha
Locality 2 49°21'4"N, 18°6'45"E 0.92 ha 0.54 ha 0.38 ha
Locality 3 49°21'34"N, 18°9'20"E 0.83 ha 0.51 ha 0.32 ha
Locality 4 49°20'31"N, 18°10'43"E 1.83 ha 1.12 ha 0.71 ha

Table S2: Estimates of apparent daily survival probability of Psophus stridulus males derived from MARK’s
multistate models by using model averaging function.

Interval Survival on subplot A Survival on subplot B

—

0.8998 (SE=0.0363)

0.9580 (SE=0.0112)

= 2 0.9208 (SE=0.0200) 0.9583 (SE=0.0104)
2 3 0.9311 (SE=0.0210) 0.9595 (SE=0.0098)
5 4 0.9334 (SE=0.0185) 0.9607 (SE=0.0095)
3 5 0.9441 (SE=0.0201) 0.9613 (SE=0.0115)
6 0.9410 (SE=0.0200) 0.9635 (SE=0.0115)
1 0.5284 (SE=0.6277) 0.6721 (SE=0.5746)
) 2 0.9871 (SE=0.0294) 0.9421 (SE=0.1030)
2 3 0.9604 (SE=0.0509) 0.9168 (SE=0.0928)
5 4 0.9881 (SE=0.0213) 0.5966 (SE=3.6450)
3 5 0.9887 (SE=0.0214) 0.7931 (SE=0.3426)
6 0.9897 (SE=0.0187) 0.7652 (SE=0.3744)
1 0.9743 (SE=0.0196) 0.9652 (SE=0.0196)
2 2 0.9741 (SE=0.0194) 0.9629 (SE=0.0217)
2 3 0.9651 (SE=0.0295) 0.9549 (SE=0.0272)
5 4 0.9748 (SE=0.0192) 0.9652 (SE=0.0202)
3 5 0.9759 (SE=0.0197) 0.9648 (SE=0.0192)
6 0.9784 (SE=0.0204) 0.9668 (SE=0.0206)
1 0.9668 (SE=0.0202) 0.9674 (SE=0.0138)
T 2 0.9689 (SE=0.0188) 0.9712 (SE=0.0141)
2 3 0.9711 (SE=0.0216) 0.9718 (SE=0.0150)
5 4 0.9621 (SE=0.0214) 0.9614 (SE=0.0168)
3 5 0.9635 (SE=0.0181) 0.9628 (SE=0.0152)
6 0.9600 (SE=0.0214) 0.9594 (SE=0.0180)




Table S3: Modelling of Psophus stridulus survival probability (males only) at the 4 localities in the Wallachian
region studied in 2011 (Czech Republic).

Locality 1 (N=111; recaptures=65) Locality 2 (N=42; recaptures=17)

Model AICc  AICcW  N.p. | Model AICc AICcW  Nop.
{@D(sward) p(sward) Psi(s)} 398.514  0.181 6 {®D(bg) p(EI) Psi(.)} 109.313  0.285 6
{D(s) p(sward) Psi(s)} 398.661 0.168 6 {D(Tmin) p(s) Psi(.)} 109.651 0.241 6
{®D(EI) p(sward) Psi(s)} 398.856  0.153 6 {D(ED) p(s) Psi(.)} 110.891  0.130 6
{D(E2) p(sward) Psi(s)} 399.342  0.120 6 {D(s) p(s) Psi(s)} 111.230  0.109 6
{D(tall) p(sward) Psi(s)} 400.110  0.082 6 | {D(Tmean) p(s) Psi()} 112.190  0.068 6
{D(bg+sward) p(sward) Psi(s)} 400.595 0.064 7 {D(s+EI) p(EI) Psi(.)} 112.739  0.051 8
{D(EI+E2) p(sward) Psi(s)} 401.029  0.052 7 {D(s+EI) p(T) Psi(.)} 112.904  0.047 8
{D(s) p(s+sward) Psi(s)} 401.354 0.044 8 {D(sward) p(s) Psi(.)} 113.311  0.039 6
{D(bg) p(sward) Psi(s)} 401.566  0.039 6 | {D(GHED p(s) Psi(.)} 113792 0.030 8
{@(grass) p(sward) Psi(s)} 401.888  0.034 6

{@D(s+sward) p(sward) Psi(s)} 401.961  0.032 8

{D(s) p(T) Psi(s)} 402.004  0.032 6

Locality 3 (N=50; recaptures=28) Locality 4 (N=49; recaptures=40)

Model AICc  AICcW  N.p. | Model AICc: AICcW  Nop.
{D(Tmean) p(EI) Psi(s)} 180.271  0.126 6 | {P(Tmew) p(EI) Psi(s)}  217.035  0.175 6
{®(EI) p(E1) Psi(s)} 180.656  0.104 6 | {D(tall) p(E]) Psi (s)} 218.290  0.093 6
{@(sward) p(EI) Psi(s)} 180.745  0.099 6 | {D(E2) p(E]) Psi (s)} 218.344  0.091 6
{D(E2) p(E1) Psi(s)} 180.874  0.093 6 | {D(Twin) P(ET) Psi (s)} 218.406  0.088 6
{D(grass) p(EI) Psi(s)} 181.221  0.078 6 | {D(forb) p(EI) Psi (s)} 218.454  0.086 6
{D(Tin) p(EI) Psi(s)} 181.222  0.078 6 | {D(grass) p(EI) Psi(s)}  218.614  0.079 6
{D(s) p(EI) Psi(s)} 181.350  0.073 6 {D(s) p(E1) Psi (s)} 218.727  0.075 6
{D(tall) p(EI) Psi(s)} 181.668  0.063 6 | {@(ED p(ET) Psi(s)} 218.811  0.071 6
{D(bg) p(EI) Psi(s)} 181.680  0.062 6 | {O(sward) p(E1) Psi(s); 218.844  0.071 6
{D(s) p(.) Psi(s)} 181.938  0.055 5 {D(bg) p(EI) Psi (s)} 218.861  0.070 6
{D(s) p(E2) Psi(s)} 182.118  0.050 6 {D(s) p(sward) Psi (s)} 219.108  0.062 6
{D(s) p(tall) Psi(s)} 182.302  0.046 6 {D(s) p(E2) Psi (s)} 220.009  0.039 6
{D(s) p(s) Psi(s)} 182.716  0.037 6

{D(s) p(sward) Psi(s)} 182.739  0.037 6

Presented are the MARK program’s multistate models with strongest support in data (AICc weight > 0.03) for
all 4 localities. In the models, survival on the subplots (@), capture probability (p), and movement between
subplots (Psi) are related to combinations of various parameters — the particular subplot (s), time (#), sward
density (sward), percentage of bare ground (bg), percentage of tall vegetation (fall), height of lower (E1) and
upper (E2) vegetation, coverage of grasses (grass), coverage of forbs (forb), maximum temperature in a
sampling day (7), mean temperature within a sampling interval (7},c.,), minimum temperature within a sampling
interval (7). AICcW = AIC¢ weight; N.p. = number of parameters.



Table S4: T-test comparisons of variables values from 4 localities studied in 2011. Statistically significant (at o=
0.05) differences are in bold.

Locality Variable Avg. A Avg. B t-value p

1 El (cm) 7.31 13.39 -4.12 0.001
1 E2 (cm) 33.17 47.19 -3.51 0.004
1 E2 (%) 2.56 7.94 -1.73 0.109
1 Grasses (%) 44.36 61.29 -3.22 0.007
1 Forbs (%) 52.86 42.57 1.89 0.084
1 Ground (%) 4.43 2.71 2.42 0.033

1 Sward density 1.31 1.74 -4.36 <0.001
2 E1l (cm) 9.87 15.89 -6.70 <0.0001
2 E2 (cm) 36.37 51.64 -8.25 < 0.0001
2 E2 (%) 6.09 12.89 -3.00 0.011
2 Grasses (%) 56.71 49.14 2.36 0.036
2 Forbs (%) 41.21 50.64 -3.60 0.004
2 Ground (%) 5.07 3.50 2.11 0.056
2 Sward density 1.79 1.90 -0.92 0.376
3 E1l (cm) 13.57 10.46 3.91 0.002
3 E2 (cm) 47.40 26.24 5.82 < 0.0001
3 E2 (%) 11.74 1.93 3.67 0.003
3 Grasses (%) 56.14 38.21 7.35 < 0.0001
3 Forbs (%) 46.79 66.50 -10.12 < 0.0001
3 Ground (%) 6.36 2.79 6.23 < 0.0001
3 Sward density 1.81 2.17 -2.98 0.011
4 El (cm) 12.00 11.10 1.03 0.322
4 E2 (cm) 32.81 36.20 -1.05 0.316
4 E2 (%) 3.14 4.16 -1.54 0.151
4 Grasses (%) 56.14 51.57 1.95 0.075
4 Forbs (%) 52.36 53.07 -0.30 0.771
4 Ground (%) 2.07 2.36 -0.92 0.377
4 Sward density 2.37 1.67 13.77 <0.0001

Avg. A = average value of variable on subplot A; Avg. B = average value of variable on subplot B. Vegetation
variables were: height of lower (E1) and upper (E2) storey of sward; percentage cover of the upper storey,
grasses, forbs and ground; ranked sward density. For variables specifics, see Table 1.
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Rada S. (2018): Vliv hospodafeni na hmyzi spoleCenstva travinnych ekosystému
[Impact of farming activities on insect communities living in grassland
ecosystems]. Doktorské disertacni prace, Univerzita Palackého, Olomouc.

ABSTRACT

Biodiversity conservation at the beginning of the 21* century is of consensual
international interest. Yet, we are experiencing an enormous biodiversity loss. A big
part of European biodiversity is bound to the grassland ecosystems (meadows and
pastures), which are sustained by agricultural management (mowing and grazing).
Agricultural intensification and abandonment of peripheral areas are responsible for
impoverishment and decline of valuable grassland habitats. Therefore, it is desirable to
study the response of preserved grasslands to various managements and to uncover
ecological requirements of local endangered species.

This thesis is aiming at 1) specifying impact of mowing, grazing and linear
landscape features on indicatory important arthropod communities in submontane
grassland ecosystems; 2) specifying demographic characteristics and habitat preferences
of two endangered locusts (Psophus stridulus and Oedipoda germanica), which are
dependent on management of treeless habitats. Then, based on the results of the both
thematic parts, we determined general recommendations for management of grassland
ecosystems and for conservation of the two locust species studied.

The first part of the thesis proceeds from studies conducted in submontane
meadows and pastures in Hruby Jesenik Mts. situated in northeast of the Czech
Republic. The effect of mowing in interaction with time proved to be significant for
arthropod community. Immediate impact of grazing was apparent only in some
Orthoptera. By negative immediate effect of mowing were afflicted particularly
arthropod orders with low mobility. In the long-term, the higher species richness was
brought about by low-intensity mowing and by combination of mowing and low-
intensity grazing; species richness on grazed-only patches or patches without
management was lower. We further proved that linear landscape features (strips of grass
and belts of trees) increase abundances of arthropods in agroecosystems. Based on the
results, we recommend delayed mowing, uncut grass refuges left and establishment of
the linear landscape features.

In the second part of the thesis, we focused on locust Oedipoda germanica in the
Ceské stiedohoti Mts. situated in the northwest of the Czech Republic and on locust
Psophus stridulus in the Vsetinské vrchy hills situated in the eastern part of the Czech
Republic. We found a positive effect of temperature on the survival of O. germanica
adults in the small isolated population was proved. Psophus stridulus clearly preferred
southern slopes with sparse low vegetation and patches of bare ground; sward density
was the key factor. To preserve both species on their localities, an active management,
which prevents overgrowing and shading, is needed. In case of O. germanica, removal
of shrubs and trees and subsequent grazing is suggested; in case of P. stridulus, low-
intensity grazing and mowing is suitable. Psophus stridulus is a charismatic candidate
for flagship and umbrella species of submontane xerothermic grasslands.

Key words: arthropods, biodiversity, grazing, locust, meadow, mowing, Oedipoda,
Orthoptera, pasture, Psophus
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1. Uvop

Ochrana biologické rozmanitosti na Zemi je konsenzudlnim mezindrodnim
zajmem, jak dokladd mezinirodni iimluva o biologické rozmanitosti (Convention on
Biological Diversity; CBD 2010). Pfesto 1 dnes, v prvnich dekéddach 21. stoleti,
vnimame rychly ubytek celosvétové biodiverzity (Butchart et al. 2010; Pimm et al.
2014; McCallum 2015). Ten se neprojevuje jen v absolutnim a nevratném vymirani
biologickych druhti, ale mnohem ¢astéji v ochuzovani regiondlni a lokéalni biodiverzity
(Sodhi et al. 2004; Biesmeijer et al. 2006; Brooks et al. 2012; Vogt-Schilb et al. 2015) a
snizovani pocetnosti 1 béZznych druhi (Hallmann et al. 2017).

V Evropé je vyznamnd cCast biologické rozmanitosti spojena s hospodarenim
Cloveéka v krajin€é, zejména prostfednictvim utvafeni bezlesych biotopl v jinak lesni
klimatické zon€ (Bignal a McCracken 1996). Pocatky pietvareni evropské krajiny lidmi
sahaji pfinejmensim do neolitu, kdy prvni rolnici a pastevci svou Cinnosti branili
zarustani zbytkt bezlesi expandujicimi lesy, které se Sifily nasledkem otepleni a
zvlhéeni klimatu po skonceni posledniho glacialu (Sadlo et al. 2005; Lozek 2007;
Hejcman et al. 2013). Nasledny rozvoj zemédélstvi znamenal dalS$i odlesnovani a
vytvofeni pestré krajinné mozaiky, nabizejici nejriznéjs$i typy lesnich a bezlesych
biotopt. Ty umoznily ptfeziti mnoha ptavodnich druhli organisml vazanych na oteviena
stanoviSté a byly dale kolonizovany 1 nové ptichozimi druhy ze stepni zony (Lozek
2007). Clovék podstatné utlumil &innost velkych divokych herbivort a disturbanci typu
vichtic, povodni, pozart, lavin ¢i hmyzich kalamit a zarovenl je nevédomky nahradil
zemédélskym hospodafenim (Sadlo et al. 2005; Lozek 2007; Hejeman et al. 2013;
Dengler et al. 2014).

V pribéhu 20. stoleti doSlo k celospoleCenskym zménam, doprovazenym
prudkym rozvojem primyslu, technologii a mést, odklonem vétSiny obyvatelstva od
zemédélstvi a zménou vztahu k padé (Hobsbawm 2001). Moderni zeméd¢€lska produkce
piinesla nastup dvou protikladnych, ale vzajemné propojenych trenddi — intenzifikaci
hospodateni na vynosnych pozemcich a upousténi od hospodatfeni na méné vynosnych
plochdch — spole¢né zapftiCinujici zmény v krajing€, destrukci stanovist a ochuzeni
biodiverzity (Stoate et al. 2001; Liitolf et al. 2009; Uchida a Ushimaru 2014).

Intenzifikace umoznila zvySeni a zrychleni produkce za cenu chemizace a
celkové unifikace. Tato unifikace se projevila scelovanim dfive rozdrobenych

zemédeélskych pozemk, likvidaci liniovych krajinnych prvka (meze, remizky, aj.) nebo

Autoreferat doktorské disertacni prace 5



Stanislav Rada: Vliv hospodafeni na hmyzi spoleCenstva travinnych ekosystému

melioracemi (Stoate et al. 2001; Benton et al. 2003). Projevuje se také ve sjednocovani
trhii a postupli, péstovani jen nékolika malo dominantnich plodin a nejvynosnéjSich
odriid a ve svém disledku v homogenizaci krajiny (Benton et al. 2003; Stoate et al.
2009). Druhy trend — upousténi od hospodateni — znamena postupny zanik nelesnich
biotopt na okrajovych, malo vynosnych pozemcich, které ptitom Casto hosti pestra
spolecenstva rostlin a zivo¢ichii. Po upusténi od hospodateni (typicky extenzivni pastvy
a seCe) zarustaji tyto lokality ruderalni vegetaci, kefi a stromy a pivodni nelesni
spolecenstva znich vymizi (Stoate et al. 2009; Uchida a Ushimaru 2014). Procesy
intenzifikace a upousténi nadale postupuji — nejpatrnéji ve vychodni a jihovychodni
Evropé (Donald et al. 2001; Tryjanowski et al. 2011), ale také v Ceské republice.

Pokusem o nahrazeni vesmés zaniklé extenzivni hospodaiské ¢innosti ¢lovéka
v krajin€ je zavedeni agroenvironmentalnich programii motivujicich zemédélce
k adrzb¢ krajiny prostiednictvim dotaci (Stoate et al. 2009). Dopad zavedenych
dotacnich programi na ochranu biodiverzity je v n¢kterych ptipadech pozitivni (Stoate
et al. 2009), v jinych nejednozna¢ny nebo smiSeny (Kleijn et al. 2006). V urcitych
piipadech mize ,agroenvi® piispivat k nezaddouci homogenizaci krajiny a ochuzeni
biodiverzity, protoze vyzaduje jednotné terminovani sece na velkych plochach
(Konvicka et al. 2008; Cizek et al. 2012). Podobné diskutabilni je statem podporované
zalesnovani nevynosnych pozemku, pii kterém jsou Casto biologicky cenné louky ci
pastviny pieménovany na smrkové plantaze (Tkacikova et al. 2013).

Vyslednym stavem zemédélskych zmén 20. a zacatku 21. stoleti je tedy
uniformni, homogenizovand krajina, kde na jedné stran€¢ stoji intenzivné
obhospodaiovana orna ptuda a jednotné secené produkeni louky a na druhé strané stale
se rozSifujici plocha hospodaiskych lest typu stejnovékych monokultur. V krajiné tedy
chybi extenzivné obhospodaiované bezlesi a jemna krajinnd mozaika v prostoru i ¢ase
zajistujici heterogenitu. Heterogenni krajina ze své podstaty jednak poskytuje veétsi
Skalu stanovist’ hostici vice riznych organismi, jednak umoziuje perzistenci vice druht
umoznénim pifesunt v prostoru a case (Benton et al. 2003; Hendrickx et al. 2007;

Ekroos et al. 2010).
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2. CILE PRACE

Vyse popsané procesy intenzifikace a upousténi od hospodateni, které likviduji
biodiverzitu spojenou s obhospodafovanim bezlesych biotopti, nadale postupuji. Je tudiz
zédouci studovat odezvu zbytku zachovalych travinnych ekosystémi na razné druhy
hospodateni, potazmo zjistit ekologické naroky jednotlivych ohrozenych druha téchto
biotopi.

Préace si proto klade tyto cile:

a) Stanovit vliv seCe, pastvy a liniovych krajinnych prvki na bezobratlé
podhorskych travinnych ekosystémil. Na zakladé vysledki formulovat obecna
doporuceni pro obhospodafovani luk a pastvin.

b) Stanovit demografické charakteristiky a biotopové preference vybranych druhti
ohrozenych saranc¢i (sarance némecké a vrzavd), zavislych na obhospodatfovani
bezlesi. Nasledn¢ formulovat doporuceni pro ochranu téchto druhd, tykajici se

zejména zpiisobu obhospodatovani.

3. STUDOVANE TAXONY

3.1. Hmyz jako biologicky indikdtor

Hmyz ma nezastupitelnou roli v provozu ekosystémi jako soucast potravnich
fetézci a slozitych mutualistickych nebo parazitickych vztahli, zaroven zajistuje
vyznamné ekosystémoveé sluzby, jako je napt. dekompozice biomasy nebo opylovani
hmyzosnubnych rostlin (Klein et al. 2007; Potts et al. 2016; Schowalter 2016).
SpoleCenstva hmyzu citlivé odrazeji zmény podminek v prostiedi, ¢ehoz je hojné
vyuzivano k bioindikaci (Menéndez 2007; Gerlach et al. 2013; Schowalter 2016). Casto
se také zjiStuji zmeény ve struktufe hmyzich spoleCenstev pii uplatnéni riznych druhi
hospodafeni v travinnych ekosystémech (Cizek et al. 2012; Kruess a Tscharntke 2002;
Marini et al. 2009; Simons et al. 2016).

Brouci (Coleoptera) jsou velmi rozriznénym fadem s rozmanitymi potravnimi
strategiemi. Zaroven jsou skupinou popularni a dobfe probadanou. Tyto vlastnosti je
predurcuji k pouziti jakoZto indikacni a modelové skupiny pro monitoring a interpretaci
zmén (Hutcheson 1990; Gerlach et al. 2013). Podobné i denni motyly (Rhopalocera),
ktefi sice nedosahuji takového poctu druhi a takové rozmanitosti v potravnich

strategiich jako brouci, ale miizeme je povaZovat za nejpopuldrnéjsi a nejprobadané;si

Autoreferat doktorské disertacni prace 7



Stanislav Rada: Vliv hospodafeni na hmyzi spoleCenstva travinnych ekosystému

skupinu hmyzu, pfinejmenSim v Evropé (Erhardt a Thomas 1991; Van Swaay et al.
2008). Cmelaci (rod Bombus) citlivé reaguji na pestrost nabidky kvetoucich rostlin a
stanoviSt’ k hnizdéni (Goulson et al. 2008; Lye et al. 2012).

Rovnokfidli (Orthoptera) jsou jednou zdominantné zastoupenych skupin
zivoc¢ichtl v travinnych ekosystémech (Ingrisch a Kohler 1998a; KeBler et al. 2012), kde
jsou vyznamnymi primarnimi konzumenty (Kohler et al. 1987; Blumer a Diemer 1996).
Déle slouzi jako potrava mnoha predatortiim, jak bezobratlym, tak obratlovcim
(Belovski a Slade 1993; Ingrisch a Kohler 1998a; Danner a Joern 2004). Pro jejich
pocetnost, snadné vzorkovani a schopnost reagovat na environmentalni zmény jsou
rovnoktidli Siroce pouzivanou modelovou a indikacni skupinou (Baldi and Kisbenedek

1997, Andersen et al. 2001, Kruess a Tscharntke 2002, Fartmann et al. 2012).

3.2. Sarance némeckad a sarance vrzavd

Oba jmenované druhy saran¢i jsou piikladem ohrozenych druhii, mizejicich
z divodu upousténi od hospodafeni na jejich biotopech a/nebo kviili intenzifikaci
hospodateni. Jedna se o velké charismatické druhy s Cervenou barvou zadnich kiidel.
Maji specifické naroky na biotop a soucasné nizkou mobilitu, coZ jsou vlastnosti, které
zvySuji riziko jejich vyhynuti (Reinhardt et al. 2005).

SaranCe némeckd, Oedipoda germanica (Latreille, 1804), ma t&zist¢ rozSifeni
v jizni Evropé (od Pyreneji po Krym). Severni hranice arealu prochdzi Némeckem a
Ceskou republikou (Wagner 2000; Holusa et al. 2009). Je kriticky ohroZena jak v Ceské
republice (Holusa et al. 2017), tak v Némecku (Ingrisch a Kohler 1998b). Jedna se o
znacné teplomilny druh, obyvajici skalni stepi nebo spofe porostlé skaly na jizné
orientovanych svazich. Patrn¢ vSechna druhem obyvana stanovisté ve sttedni Evropé
jsou udrzovéana nebo vytvofena lidskou ¢innosti (Wagner 2000; Holusa et al. 2009).
Schopnost disperze s. némecké je velmi omezend — nejdel§i zaznamenany prelet Cini
500 m (Zoller 1995) a median celoZivotni rozptylové vzdalenosti jedince je zhruba 30 m
(Zo6ller 1995; Wagner 2000). V CR je v souc¢asnosti znamo 7 lokalit druhu v Ceském
krasu a jedina lokalita v Ceském stiedohoii; na ostatnich lokalitach v Ceském stiedohoii
druh vyhynul béhem 20. stoleti (Holusa et al. 2009).

SaranCe vrzava, Psophus stridulus (Linnaeus, 1758), je eurosibifsky druh
s arealem sahajicim od Spanélska na vychod po Mongolsko a na sever po Skandinavii.

Nejedna se tedy o druh, ktery by v Ceské republice piezival na okraji arealu. Pfesto
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tento typicky prvek podhorskych luk a pastvin, pivodng v CR hojny, béhem 2. poloviny
20. stoleti vymizel z vétSiny lokalit a nyni je vzacny a lokalni (Pecina 1982; Holusa
2000; Spitzer 2007). V ¢erveném seznamu CR je s. vrzava evidovana jako ohroZeny
druh (Holusa et al. 2017). V Belgii a Nizozemsku vyhynula (Olmo-Vidal 2006), stejn¢
tak v n¢kolika spolkovych zemich Némecka (Hemp a Hemp 2003). Vyrazny ustup
druhu je zdokumentovan také v mnoha dalSich evropskych zemich (Luquet 1982;
Viisdnen et al. 1991; Kindvall et al. 1993; Olmo-Vidal 2002; Glowacinski a Nowacki
2004; Budrys a Pakalniskis 2007). Jedna se o zna¢né€ sedentarni druh — nelétavé samice
zlustavaji cely Zivot na nckolika malo c¢tverecnich metrech (Janen a Reich 1998;
Weibart a Fischer 2006). Nejdel§i zaznamenany pielet samce Cinil méné nez 700 m

(Buchweitz 1993).

4. METODIKA
4.1. Studijni lokality

Studie vlivu obhospodafovani luk a pastvin na spolecenstva bezobratlych
probéhla v podhuii Jesenikli v oblasti Pfemyslovského sedla. Jednd se o komplex luk a
pastvin v nadmoiské vysce 730-830 m n. m., obklopeny lesy. Zdej$i vesmés kvétnaté
louky a pastviny s polopfirozenym charakterem jsou extenzivné seCeny, piipadné
paseny skotem.

Sarante némecka byla studovana v izolované populaci na vrchu Kostal
v Ceském stfedohoii. Jizni strana kopce ma charakter skalni stepi az lesostepi
se strmymi svahy a skalnimi pfevisy. Vyhfevné skaly tvoii v okolni krajin¢ ostrov
s teplym mikroklimatem.

Pro vyhodnoceni biotopovych preferenci a demografie sarance vrzavé byly
vybrany lokality ve Vsetinskych vrSich v udolich pravostrannych pfitokti Vsetinské
Becvy (430-700 m n.m.). V této oblasti se castecné¢ zachovalo tradi¢ni valaSskeé
zeméde€lské hospodareni. V prvni ¢asti studie byly podrobné studovany 4 populace na 4
lokalitach, nasledujici rok pak bylo provedeno rozsahlé ohodnoceni 179 luk a pastvin,

pokryvajicich vétSinu bezlesi v oblasti.
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4.2. Studijni design a pouZité metody

4.2.1. Vliv sece a pastvy na bezobratlé podhorskych luk a pastvin
Bylo zvoleno 12 studijnich ploch (luk a pastvin), vymezenych pfirozenymi

hranicemi jako okraj lesa, remizek, silnice. Cast ploch byla jednou roéné seéena, &ast
ploch pasena skotem a ¢ast ploch méla smiSeny management. Vzorkovani probihalo
v letech 2009 a 2010 pomoci Moerickeho zlutych misek uspotadanych v transektech
napfi¢ studijnimi plochami. Misky byly instalovany nepfetrzit¢ od kvétna do zafi;
vybéry vzorkli probihaly v pfiblizn€¢ desetidennich intervalech. Zachyceny material
bezobratlych byl posléze tifizen do fadi a jeho cCast byla déle determinovana na
druhovou uroven (denni motyli, ¢melaci, brouci a rovnokiidli). Pro samostatné
zhodnoceni odezvy rovnokiidlych (Orthoptera) byl pouzit jednak nasbirany material ze
zlutych misek ze sezony 2010, jednak paralelni vzorkovani smykaci siti. Vzorkovani
smykanim probéhlo tfikrat v sezoné 2010. Odchyceni rovnokiidli byli ur€ovani ptimo
v terénu a vypousténi, ptipadné uchovani v etanolu a ur€eni v laboratofi.

Do analyz bylo zahrnuto 10 tadl hmyzu, pavouci, sekd¢i a chvostoskoci.
Vysvétlujicimi proménnymi byly okamzity nebo dlouhodoby efekt sece a pastvy, véetné
jejich absence nebo kombinace, a vzdalenost od meze nebo remizku. Vysvétlovanymi
proménnymi byly pocty jedinci jednotlivych fadt, druhovd bohatost, pocetnosti
jednotlivych druhti dennich motyl, ¢meldkt a brouk a funk¢ni diverzita broukd.
V dil¢ich analyzach bylo vyuzito také rozdéleni na funk¢ni skupiny podle mobility,
trofické a biotopové prislusnosti. Odpovéd’ rovnoktidlych byla testovdna na urovni
celkové abundance dospélci a nymf a na trovni pocetnosti jednotlivych druhda.
Vysvétlujicimi proménnymi byly okamzity efekt seCe a pastvy a vzdalenost od meze
nebo remizku. VétSina analyz byla provedena pomoci mnohorozmérnych metod (RDA,

CCA) a generalizovanych linearnich modell za uZiti programii Canoco 4.5 a R.

4.2.2. Ekologie sarance némecké a sarance vrzavé
Demograficka studie izolované populace saran¢e némecké na vrchu Kostal

probihala v letech 2008, 2009 a 2010. PouZili jsme metodu zpétnych odchyti zna¢enych
jedinct (Capture-Mark-Recapture, CMR). Lokalita byla navstivena sedmkrat za sezonu
v Cervnu az fijnu. Na zékladé¢ odchytovych dat byly v programech Jolly a POPAN

vypocitany velikosti populace v jednotlivych letech a mira pfezivani. Nasledné jsme
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testovali vliv teploty na ptezivani dospélci sarance za pouziti linedrnich smiSenych
modela v softwaru R.

Vyzkum biotopovych preferenci sarance vrzavé ve Vsetinskych vrSich probihal
v letech 2011 a 2012. V sezon¢ 2011 byly pomoci metody CMR studovany 4 populace
na 4 lokalitdch. Lokality byly navstiveny sedmkrat béhem srpna a zati. Kazda lokalita
byla rozdélena na plochu A a B, které¢ se liSily obhospodatovanim a charakterem
vegetace. Presuny saran¢i mezi témito plochami byly zaznamenavany. V srpnu 2012
bylo jednordzové vyhodnoceno 179 luk a pastvin s riznym sklonem a orientaci svahu,
obhospodafovanim a charakterem vegetace. SaranCe vrzava se vyskytovala na 24 %
znich. Na studijnich plochdch z obou sezdén byly méfeny vegetacni charakteristiky,
zaznamenavan typ uplatnovaného hospodatreni a dal§i environmentalni proménné. Data
z CMR studie byla analyzovdna v programu MARK za pouziti multistate modela.
V dalSim kroku byly porovnavany pravdépodobnosti piezivani a piesunu mezi plochami
v souvislosti s rozdily v charakteristikach vegetace. Data ze sezony 2012 byla testovana
pomoci GLM modelu, do kterého vstupovala abundance saranc¢i na plochach jako
zavisla proménna a ziskané environmentalni proménné jako prediktory. Kromé& toho
byly sestrojeny GLM modely pro zobrazeni individualniho efektu jednotlivych

environmentalnich proménnych na pfitomnost sarance.

5. SOUHRN HLAVNICH VYSLEDKU

5.1. Vliv sece a pastvy na bezobratlé podhorskych luk a pastvin

Se¢ vinterakci s Casem méla vyznamny vliv na strukturu spoleCenstev
bezobratlych. Naproti tomu efekt pastvy nebyl statisticky pritkkazny. Neprikazny vliv
pastvy na spolecenstva si vysvétlujeme tim, ze pastva skotu na studijnich plochach byla
az prili§ extenzivni (pouze 0,82-0,84 dobytéich jednotek na ha). Pastevni intenzita
vyznamné méni efekt pastvy na spoleCenstvo bezobratlych (Kruess a Tscharntke 2002;
Batary et al. 2007; Fabriciusova et al. 2011). Okamzity efekt pastvy se projevil na
zmén¢ pocetnosti jen v ptipadé nckterych druhli rovnokitidlych, pfiCemz cast téchto
druhti pocetnost zvySovala, ¢ast snizovala

Okamzity efekt seCe mél za nasledek snizeni celkovych abundanci, nejvyrazné;si
pokles byl u tadi bezobratlych s nizkou mobilitou. Se¢ zplsobuje pfimou mortalitu
(Humbert et al. 2010), vyraznou zménu mikroklimatickych podminek (Gardiner a

Hassall 2009), redukci potravnich zdroji (Cizek et al. 2012) a zvySeni rizika predace
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(Braschler et al. 2009). ZvySeni pocetnosti n¢kterych druhti bezprostiedné po seci je
ziejmé& metodickym artefaktem.

Dlouhodoby efekt hospodafeni na plochach byl testovan pomoci rarefakénich
kiivek. Vys$§i druhovd bohatost broukii a motyli byla zaznamenana na plochach
obhospodafovanych se¢i a se¢i v kombinaci s pastvou, zatimco na plochach pouze
pasenych nebo neobhospodatovanych byla niz§i. Dulezité je podotknout, ze v obou
piipadech se jednalo o extenzivni typ hospodafeni (seC jedenkrat roné a pastva se
zatézi 0,82—-0,84 dobytcich jednotek na ha). Extenzivni se¢ se tedy jevi jako vhodny
zpusob obhospodafovani luk s cilem podpory populaci bezobratlych (Rundlof et al.
2008; Cizek et al. 2012). Soucasné (nebo stiidavé) praktikovani seée a pastvy na
stejnych plochach kombinuje vyhody obou typli managementu — potlaceni
dominantnich trav se¢i, vytvofeni heterogenniho pastvinného porostu stadou
mikrohabitatli, vyrovnany pomér Zivin (Mladek et al. 2006; Mladkova et al. 2015).

VétSina adi bezobratlych a vétSina druht motylli vykazovala vyssi abundance
blize k mezim a remizkim. Meze a remizky mohou byt pro hmyz atraktivni z diivodu
stalejSitho mikroklimatu a ukrytu pred vétrem a predatory (Maudsley 2000; Merckx et
al. 2009). Zaroven ptedstavuji pro mnozstvi druhli migra¢ni koridor (Davies a Pullin
2007) a jako ekotonalni biotopy mohou pfirozené hostit vice druhli (napt. Ewers a
Didham 2006). Mohou téz fungovat jako refugia pii se€i — vyznam nesecenych refugii
pro luéni hmyz je nesporny (Humbert et al. 2012).

Na zaklad€ vyse uvedenych zjisténi a v souladu s autory podobnych studii (napf.
Merckx et al. 2009, 2010; Fabriciusova et al. 2011; Cizek et al. 2012; Humbert et al.
2012; Bruppacher et al. 2016; Buri et al. 2016) doporucujeme pro obhospodarovani
podhorskych luk respektovat nasledujici doporuceni:

1) Termin see posunout na pozd¢jsi vegetacni obdobi, aby vétSina bezobratlych stihla
dokoncit sviij vyvoj a rozmnoZit se. Jako vhodné se jevi provadét se€ od druhé poloviny
cervence dale, idealn¢ ale az od srpna ¢i zafi. Navic je velmi zadouci se¢ rozlozit do
delsi ¢asové doby tak, aby vegetace na prvné seCenych loukéch stacila aspon ¢astecné
dortist, nez budou poseceny naposled secené plochy. Samoziejmosti je nizka frekvence
seCe — tnosna je jen jedna az dvé sece rocné.

2) NeposecCen¢ pasy ponechané do dal§iho roku poskytnou utocisté (refugia) Siroké
Skale druht. Pozitivni efekt pro bezobratlé bude nejvyssi, pokud budou tyto pasy
ponechany podél liniovych krajinnych prvki, jako jsou travnaté meze, remizky nebo

lesni okraje.
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3) Liniové krajinné prvky typu remizkd ¢i mezi mohou znatelné zvysit abundance
hmyzu (a nepochybné 1 dalSich Zivo¢ichi) v agroekosystémech, zejména
prostiednictvim zvysSené krajinné heterogenity. Proto je Zadouci jejich ztizovani.

4) Pastva je Casto doporucovana jako vhodna alternativa k se¢i. Na zaklad¢ naSich
vysledki je jeji efekt v podhorskych pastvinach nejlepsi v kombinaci se seci (tzn.

provadet oba managementy na plose soucasné anebo je mezisezonng stiidat).

5.2. Ekologie sarance némecké a sarance vrzavé — piiklad druhi
zavislych na obhospodaiovani krajiny

Izolovand populace saranée némecké (Oedipoda germanica) v Ceském
sttedohoii je mala se znaCnymi meziro¢nimi fluktuacemi (odhad velikosti populace byl
136 dospélct pro rok 2008, 70 pro rok 2009 a 122 pro rok 2010, coz piedstavuje
mezirocni rozdil 49 %). Do jaké miry je takovato populace zivotaschopnd je sporné
(srovnej Wagner 2000; Traill et al. 2007; Flather et al. 2012; Jamieson a Allendorf
2012). Témét vSechny populace sarance némecké na severnim okraji aredlu ¢itaji méné
nez 300 jedinct a ziji na drobnych izolovanych ostrovech vyhievnych stanovist’ (napf.
Hess a Ritschel-Kandel 1992; Zoller 1995; Maier 2003; Holusa et al. 2009). Tyto zbylé
periferni populace ve stfedni Evropé jsou zjevné ohrozeny vyhynutim a snahy o jejich
ochranu se budou potykat sobdobnymi problémy. V naSi nasledné¢ analyze jsme
prokazali pozitivni efekt teploty na pfezivani dospélci saran¢e némecké. Hlavnim
ohroZujicim faktorem druhu je zarGstani lokalit dfevinami a dalSi vegetaci (Hess a
Ritschel-Kandel 1992; Zoller 1995; HoluSa et al. 2009), které prostifednictvim stinéni
snizuji teplotu na lokalité a zptisobuji zanik vhodného biotopu. Je tedy potieba odstranit
naletové dfeviny a pokud moZno regulovat sukcesni zariistani lokalit pastvou koz a
ovci.

Kombinované vysledky nékolika analyz ukazaly, ze sarance vrzava (Psophus
stridulus) preferuje jizni svahy s tfidkou nizkou vegetaci a ploSkami obnazené pudy,
pficemz kliCovym faktorem, ktery ovliviiuje ptfitomnost druhu na stanovisti, je hustota
vegetace. Tyto biotopy jsou zjevné preferovany kvili jejich vyhfevnému mikroklimatu,
které je pottebné pro uspé$ny vyvoj vajicek a nymf sarance vrzavé (Hemp a Hemp
2003; Weibart a Fischer 2006). Navzdory této termofilii saran¢e vrzava neni druhem
obyvajicim mladd sukcesni stadia vegetace. Vyzaduje specificky stabilni biotop, kde

ristu vysoké a husté vegetace brani pfirodni nebo antropogenni podminky (Kolb a
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Fischer 1994; Bonsel a Runze 2000; Hemp a Hemp 2003). Na rozdil od nékterych
ptibuznych termofilnich druhl saran¢i mé sarance vrzava velmi nizkou mobilitu (ndmi
zaznamenany nejdelsi prelet v roce 2010 byl 180 m; 82 % zaznamenanych piesunti bylo
kratSich neZ 70 m), coZ ji znevyhodiiuje v kolonizaci novych lokalit.

V souladu s autory starSich studii (Buchweitz 1993; Kolb a Fischer 1994;
Weibart a Fischer 2006) navrhujeme managementova opatieni potiebna pro zachovani
¢1 obnovu biotopt ohrozené sarance vrzavé. Opatieni by méla byt postavena na obnovée
extenzivniho hospodafeni na zbyvajicich lokalitach sarance vrzavé, piipadné na
potencialné vhodnych biotopech v blizkém okoli. Mélo by se jednat o extenzivni pastvu
ovci ¢i skotu, pripadné pastvu kombinovanou se seci.

SaranCe vrzava se jevi jako vhodny vlajkovy a deStnikovy druh xerotermnich
podhorskych pastvin. Uzndvanym vlajkovym a deStnikovym druhem tohoto biotopu jiz
je modrasek cernoskvrnny, Phengaris arion (Linnaeus, 1758) (Simcox et al. 2005;
Spitzer et al. 2009). Uvedené druhy se Casto se vyskytuji spole¢né, biotopoveé optimum
modraska cernoskvrnného vSak lezi v mirn¢ starSich sukcesnich stadiich (Nagy et al.
2005; Varga-Sipos a Varga 2005; Spitzer et al. 2009). Bylo by tedy vhodné udrzovat
jejich spolecny biotop tak, aby vyhovoval obéma druhiim. Tento tandem deStnikovych
druhit (,,umbrella tandem*) by mohl efektivné pomoci v zachovéani biodiverzity

xerotermnich podhorskych pastvin.

5.3. Zaver

Vyznamny pokles druhové rozmanitosti, ktery pozorujeme v poslednich
dekéddach v Evropé, se tyka zejména druhi vazanych na pfirozena a polopiirozend
bezlesi (Erhardt a Thomas 1991; Benton et al. 2003; Biesmeijer et al. 2006). Na bezlesé
biotopy je vazdna vétSina druht rovnokiidlych (Kocarek et al. 2013) a dennich motyla
(Benes et al. 2002) Ceské republiky a jesté vyrazngjsi ¢ast ohrozenych druhd téchto
dvou skupin (Bene§ a Konvicka 2017; Holusa et al. 2017). V jinych skupindch neni
pievaha nelesnich druhti tak vyrazna, piesto je zfejmy vyznam nelesnich stanovist’ pro
fadu ohrozenych druhd.

Je tedy zfejmé, ze bezlesa stanoviSté zasluhuji ochranu. Dnes jiz vime, ze pro
ochranu vétSiny bezlesych biotopii je nutné obhospodafovani. Jak nejlépe nastavit
parametry hospodaieni, aby byla podpofena biodiverzita, se snazime stale zjistit.
K tomuto poznani ptispé€la i predlozend prace svymi konkrétnimi doporucenimi. Zjevné

je, ze pristupy se budou liSit podle konkrétnich stanoviStnich podminek a jednotlivych
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cilovych druhti nebo skupin, které chceme na lokalité¢ podpofit. Asi jedinym obecné

v

platnym principem je zajiSténi co nejvysSi heterogenity v prostoru i v Case, cozZ je

povazovano za kli¢ k uchovani biologické rozmanitosti v Evrop¢ (Benton et al. 2003).
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