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ABSTRAKT

Pavoukovci jsou ekologicky velmi riznorodou skupinou, obyvaji témét vSechny
biotopy a Casto jsou specializovani na specificky biotop nebo dokonce mikrobiotop.
Mezi specifické biotopy patii také kmeny a dutiny stromi, pta¢i budky a biotopy
ovlivnéné hnizdénim kormorant. Ve své dizertacni praci jsem se zabyval ekologii

spolecenstev pavouku a sekacu na téchto specifickych biotopech.

V prvni studii jsme se zabyvali spoleenstvy pavoukti a sekacli na kmenech
stromt na dvou odli$nych biotopech, v luznim lese a v méstské zeleni. Zabyvali jsme se
také jednotlivymi spoleCenstvy na kmenech riznych druhl stromii a srovnanim tfi

jednoduchych sbérnych metod — upravené padaci pasti, lepového a kartonového pasu.

Ve druh¢ studii jsme se zabyvali arachnofaunou dutin starych dubti za pomoci
dvou sbérnych metod (padaci past v dutiné a narazova past u otvoru dutiny) na
stromech v luznim lese a solitérnich stromech na loukach a také srovnanim spoleéenstev

V dutinach na zivych a odumfelych stromech.

Ve tieti studii jsme se zabyvali spoleCenstvem pavoukil zimujicich v ptacich
budkach v niZinném luznim lese a vlivem vybranych faktorti prostfedi na jejich
pocetnosti. Zabyvali jsme se také znovuosidlovanim ptacich budek pavouky v prubéhu
zimy v zavislosti na teplot¢ a vlivem hnizdniho materialu v budce na pocetnosti a

druhové spektrum pavoukd.

Ve c¢tvrté studii jsme se zabyvali spoleCenstvy bezobratlych predatori —
pavouki, sekacii a stonozek na ¢tytech rizn€ ovlivnénych plochach v kormorani kolonii

a vlivem zmén vegetace na jejich pocetnosti, druhové spektrum a funkéni skupiny.

Tato dizertani prace ptedstavuje nové ekologické poznatky o arachnofauné

dosud malo studovanych biotopii a mikrobiotopt.

Klicova slova: pavouci, sekaci, spoleCenstva, dutiny stromi, kmeny stromu, ptaci

budky, kormorani kolonie, Araneae, Opiliones
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ABSTRACT

Arachnids are one of the most numerous terrestrial predators with huge ecological
diversity, inhabit almost all habitats and many species are often specialized to specific
habitat or even a microhabitat. Specific microhabitats include also tree trunks, tree
cavities, nesting boxes or habitats affected by nesting cormorants. In the presented
doctoral thesis | dealt with the ecology of arachnids assemblages in these habitats.

In the first part, we studied assemblages of spiders and harvestmen on tree
trunks in two different habitats - floodplain forest and trees in the urban habitats and
compare three sampling methods - modified pitfall traps, stick and cardboard tapes. We

also studied differences of assemblages on different tree species.

In the second part, we studied spiders and pseudoscorpions assemblages in the
tree cavities in the old oaks by used two methods (pitfall trap into the tree hollow and
window trap near the hollow entrance). We also studied comparison of trees in the
forest and solitaires in the meadows and between live and dead trees.

In the third part, we studied assemblages of overwintering spiders in nesting
boxes in the lowland floodplain forest and the influence of selected environmental
factors on their abundances. We also studied how temperature influenced re-settlement
of spiders in the nesting boxes during the winter and spider assemblages in the nest

material in the nesting boxes.

In the fourth part, we studied assemblages of selected predatory invertebrates -
spiders, harvestmen and centipedes in four differently affected plots in the cormorant
colony and studied the effect of vegetation changes and nest density on their abundance
and species diversity.

Overall, the thesis shows new ecological knowledge about assemblages of

arachnids in rarely studied specific microhabitats and habitats.

Key words: spiders. harvestmen, assemblages, tree cavities, tree trunks, nesting boxes,

cormorant colony, Araneae, Opiliones
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1. UVOD

1.1 Biodiverzita a ekologie pavoukt a sekaci

Pavoukovci (Arachnida) jsou po hmyzu (Insecta) druhové nejpocetnéjsi tiidou
Clenovcl. Pavoukli (Araneae) je na svété znamo aktudlné témeét 50 000 druhia (WSC
2021) a jsou rozsiteni po celém svété, témer ve vSech biotopech — s vyjimkou ledovych
pustin polt a vod moii a oceand. Z Ceské republiky je dolozen vyskyt 881 druhi
pavouki (CAS 2021) a kazdym rokem pocet druhti roste (REZAC et al. 2021). Sekaci
(Opiliones) jsou ve srovnani s pavouky druhové vyrazné méné pocetnou skupinou
pavoukovcil, celosvétové je znamo okolo 7000 druhti (KURY et al. 2021), v CR bylo
zaznamenéano pouhych 37 druht (CAS 2021). Oba tyto fady maji ve vétsiné ekosystémi
velky vyznam, protoze jako pocetni predatofi s riznymi strategiemi lovu (CARDOSO et
al. 2015) a zaroven jako kofist mnoha jinych zivocCichd, hraji vyznamnou roli
Vv potravnich fetézcich (PINTO DA ROCHA et al. 2007, WISE et al. 1993).

Pavouci jsou ekologicky i funkéné riznorodou skupinou predatord (WISE et al.
1993). Vétsina druhti pavouklt ma schopnost pomérné rychle se S§ifit, zejména za
pomoci pasivniho transportu na pavucinovych vldknech vzdusnymi proudy, tzv.
balooningem (GREENSTONE et al. 1985). Pavouci jsou schopni rychle osidlit téméft
jakykoliv biotop a patii mezi prvni Zivo€ichy na biotopech v primarnich stadiich
sukcese (DUFFY 1978, HAGVAR et al. 2020). Ekologicka nika pavoukovci je ovlivnéna
zejména okolnimi mikroklimatickymi podminkami a strukturou vegetace a povrchu
(ENTLING et al. 2007). Pavouci vSak obyvaji i biotopy bez vegetace, jako jsou pousté a
polopousté, kamenné suté, vrcholky hor a jeskyné. Dokonce osidlili 1 sladkovodni
prostfedi, nékteré druhy pod vodou jen lovi kofist (napt. lov¢ici rodu Dolomedes) nebo
se tam schovavaji pti ohrozeni, napt. pavuc¢enka Donacochara speciosa (Thorell, 1875).
Pouze vodouch stiibfity Argyroneta aquatica (Clerck, 1757) je pfizptsoben zit trvale
pod vodou (NovAK 1956). Ve vodach mofi a oceand sice pavouci neziji, ale na
moiském pobiezi v piilivové zoné si buduji své pavucinové ukryty druhy celedi
Desidae, v téchto pavucinovych ukrytech jsou schopni preckat i priliv (BAEHR et al.
2017). Nekteré druhy pavouku jsou ekologicky vyhranéné a specializuji se na urcity
biotop nebo dokonce na specificky mikrobiotop, napf. podzemni mikroprostory (LOPEZ

& Orowmi 2010). Mnoho druhti se také ptizptisobilo Zivotu v ¢lovékem vytvorenych



biotopech, jako jsou napt. budovy nebo pole. Lidské stavby nahrazuji biotop zejména
druhtim, které v ptirod¢ obyvaji skaly nebo dutiny stromd, ale ¢asto také neptivodnim a
§ificim se druhtim z teplej$ich oblasti (KURKA et al. 2015, REZAC et al. 2021). Pavouci
obyvaji vSechny stratigrafické urovné ekosystému a jsou druhy specializované na zivot
V podzemnich prostorech (napft. ¢eled’ Leptonetidae), at’ uz to jsou jeskyné (RUZICKA et
al. 2013) nebo prostory v padé (RUZICKA et al. 2015), které obyva napt. i v CR se
vyskytujici pfi¢natka Iberina microphtalma (Snazell & Duffey, 1980). N¢které druhy,
jako napt. plachetnatka Oreonetides quadridentatus (Wunderlich, 1972), migruji mezi
podzemnimi a nadzemnimi biotopy (KOPECKY & TuF 2015). Mnoho druhti pavouku
zije epigeicky, ale také na vegetaci, v mechovém patfe (BOZANIC et al. 2014), na
vysSich bylinach (VASCONCELLOS-NETO et al. 2017), ketich a pomérné velka skupina
pavoukd Zije na stromech (SZINETAR & HORVATH 2005).

Podobné¢ jako pavouci jsou i sekaci Casto specializovani na rtizné biotopy, ale jejich
nizka schopnost se $ifit jim nedovoluje tak Gspésné osidlovat vSechny typy biotopt
(PINTO DA ROCHA et al. 2007). Sekace nalezneme zejména na vlhéich a lesnich
biotopech (PINTO DA ROCHA et al. 2007, UDDSTROM & RINNE 2016). Nékteré druhy
sekact ziji také v podzemnich prostorech (ISAIA et al. 2015) nebo i ve svrchnich
vrstvach pudy, napf. rod Holoscotolemon. Vétsina druhii sekact je epigeickych, ale
zvlasté¢ dlouhonohé druhy, napf.u nds Zijici zastupci celedi Phalangiidae a
Sclerosomatidae, Ziji také na bylinné vegetaci, kefich a ¢asto i na kmenech stromil
(MIHAL & CERNECKA 2017, MACHAC & TUF 2016, P¥iloha I). Nékteré druhy také Ziji
na skalach a na zdech (SILHAVY 1956, STASIOV & TUF 2016).

U vétsiny stiedoevropskych druhit pavoukovci, zvlasté pavoukt, jsou pomérné
dobte znamé ekologické naroky jednotlivych druhd (NENTWIG et al. 2021). Pavouci
jsou proto ptinejmensim v ramci Evropy vhodnou modelovou skupinou k ekologickym

studiim a maji velky bioindika¢ni potencial (BUCHAR 1983, PEARCE & VENIER 2006).

1.2 Pavouci a seka¢i na kmenech stromu

Specifickym biotopem pro mnoho druhti pavouki a sekac¢t jsou stromy, a to jak stromy
rostouci v lesnich biotopech, tak solitérni a alejové stromy rostouci mimo les (MACHAC
& Tur 2016, Priloha I, MACHAC et al. 2018, Priloha II). Strom poskytuje
pavoukovcim fadu riznych mikroklimaticky specifickych mikrobiotopti i mnoZstvi
kofisti a ukrytd (WUNDERLICH 1982, NIKOLAI 1986). Nékteré druhy vyuzivaji prostory

mezi kofenovymi nabéhy nebo v okoli pat stromtl, kde si s oblibou stavi sit¢ pavouci z



Celedi Agelenidae a Linyphiidae. Velkéd skupina druhti je specializovana na Zivot na
kmenech stromt a jsou k tomu pfizpisobeny morfologicky, napt. zplosténim téla u
béznika Coriarachne depressa (C. L. Koch, 1837) a listovnikii rodu Philoromus nebo
krycim zbarvenim a zptsobem zivota (MACHAC 2015). Druhy zijici na kmenech stromt
Si Casto mezi prasklinami vytvareji sit¢ nebo zde hledaji tkryty, napf. pavucenka
Moebellia penicilata (Westring, 1851) a snovacky rodu Dipoena nebo na povrchu kiry
aktivné lovi kofist (napf. né¢které skakavky Salticidae). Dalsi skupina druhii Zije pod
kirou stromu, jako napi. cedivka Amaurobius fenestralis (Strom, 1768). Piekvapivé
velka druhova diverzita pavouki je také v listovi v korunach stromt (OTTO & FLOREN
2007), typickymi pavouky listovi stromil jsou napf. rizné snovacky (Theridiidae) a
cedivecky (Dictynidae). Specifickym biotopem na kmenech stromil jsou dutiny (viz
dale). Pavouci na kmenech stromu ziji celorotné nebo jen v uréitém obdobi roku,
napiiklad béhem piezimovani (HORVATH et al. 2001, HORVATH & SZINETAR 2002,
MACHAC & TuUr 2021), nebo naopak béhem vegetacniho obdobi (KOPECKY & TUF
2013). Z Evropy je znamo nékolik stovek druhti pavouk, které alespon obcasné Ziji na
stromech (SZINETAR & HORVATH 2005).

Ze sekaci se na kmenech stromii objevuji v ramci stiedni Evropy zejména
dlouhonohé druhy celedi Phalangiidae a Sclerosomatidae (SIMON 1994). Za typické
sekace, ktefi obyvaji kmeny stromi, lze povazovat napt. druhy Leiobunum rupestre
(Herbst, 1799) a Platybunus bucephalus (C. L. Koch, 1835). Jiné druhy obyvaji kmeny
stromil jen piileZitostné, piipadné na nich v noci hledaji potravu (SILHAVY 1956,
SpPUNGIs 2008).

Pavoukovci na kmenech stromi jsou studovani pomérné ziidka a ze stfedni
Evropy existuje jen nékolik praci, které se spoleCenstvy pavoukl nebo sekacii na
kmenech zabyvaji. VétSinou jde o soucast studii zabyvajicich se komplexni
arachnofaunou lesi (napt. WEISS 1995, BLICK 2011), piipadné v sadech, kde jsou
studovani pavouci na kmenech jako soucast ochrany proti Skiidcim (napi. BOGYA et al.
1999, PEkAR 1999). Nekteré studie se zabyvaji také prezimovanim pavoukli na
kmenech stromd (napt. PEKAR 1999, SPITZER et al. 2010) nebo vertikalni distribuci
spolecenstva pavoukovct na kmenech (SIMON 1994, MACHAC 2014).

Zname ruzné metody k ziskani materialu pavoukt a sekac¢tu z kmena stojicich
kmenovy eklektor (BLICK & GOSSNER 2006), ktery zachyti Siroké spektrum druht

pohybujicich se po kmenech (ALBRECHT 1995, KUBCOVA & SCHLAGHAMERSKY 2002,
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BLick 2011). Neékdy se pouziva eklektor i na silngjSich vétvich (KOPONEN 2004,
MoOEED & MEADS 1983, BAR-NESS 2012). Pouzit se d4 také narazova past urcena
primarné ke sbéru létajicitho hmyzu (MACHAC et al. 2018, P¥iloha II), ale i jiné
jednodussi metody (MACHAC & TUF 2016, Priloha I).

1.3 Pavouci v dutinach stromu

DalSim specifickym biotopem pro pavouky jsou dutiny stromu, které hosti fadu
arborikolnich 1 specializovanych druht. Dutina stromu piedstavuje mikroklimaticky
specificky biotop s mnozstvim ukryth i kofisti (NIKOLAI 1986), zvlaste pokud byla
osidlena ptaky nebo savci. V hnizdnim materidlu se zdrzuje fada parazitii a nidikolnich
komenzali (napf. KRISTOFIK et al. 2007), ktefi slouzi jako potrava pro pavouky.
Nékteré druhy pavoukl Ziji v dutindch stroml po cely rok a vyuzivaji je jako ukryt a
lovi v nich kofist, n€které druhy v dutindch pouze zimuji nebo je jen piilezitostné
vyuzivaji (RUZICKA et al. 1991).

Pavoukovci (s vyjimkou rozto¢t) jsou Vv dutinach stroma studovani jen velmi
ziidka, na rozdil tieba od saproxylického hmyzu, zv1asté broukd (napt. OKLAND 1995,
RANIUS & JANSSON 2002). Z pavoukoveu byvaji daleko Castéji v dutinach studovani
Stirci  (napf. BEIER 1963, DucHAC 1993, WEYGoLDT 1969, RaANIus 2002,
CHRISTOPHORYOVA et al. 2017), ktefi jsou spolecné s rozto¢i typickymi pavoukovci
dutin stromti. Co se vSak tyka pavoukil ¢i sekacl, z Evropy existuje jen nékolik praci
zabyvajicich se jejich vyskytem v dutinich stromi, napfiklad ze Spanélska (DE
MURGUIA et al. 2007) & z Rumunska (Nitu et al. 2009). V Cesku se pavouky
Vv dutinach starych stromi na Tiebonsku zabyval pouze RUZICKA & kol. (1991).

Material pavoukt z dutin stromt Ize ziskat riznymi metodami, nejjednodussi je
prosev substratu dutiny (RUZICKA et al. 1991), v ptipadé vétSich dutin je efektivni
upravena padaci past na dné dutiny (RANIUS & JANSSON 2002), ptipadné také
individudlni sbér pfimo v dutiné. Je také moZné do vstupniho otvoru instalovat
narazovou past, kterd zachyti svétSi efektivitou také druhy dutiny osidlujici ¢i
navstévujici (MACHAC et al. 2018, Priloha II).

Specifickym umélym mikrobiotopem jsou ptac¢i hnizdni budky, které nahrazuji
pfirozené dutiny stromi a skytaji ptakim ndhradni moznost k zahnizdéni, zvlasté
Vv kulturnich lesich s nedostatkem piirozenych dutin (TEWT et al. 2001, MAINWARING
2011). Po skonceni hnizdni sezony zanechany hnizdni material pavoukiim poskytuje

vhodny tkryt a pro druhy aktivni i béhem zimy také mnozZstvi potravy. Pavouci obyvaji
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ptaci budky celoro¢né, v hnizdnim obdobi jsou vSak pod tlakem ptacich predatort, kteti
se v budkach zdrzuji (CERNECKA et al. 2017). Nejvice se pavouci do budek stahuji
koncem podzimu, kdy v nich hledaji ukryt pro piezimovani (CERNECKA et al. 2017,
MACHAC & Tur 2021, Priloha Ill). Vétsina druhtt v budkach zimuje v neaktivnim
stavu Vv pavucinovych zamotcich (napf. zapfednici rodu Clubiona) nebo volné
V hnizdnim materidlu a na sténach budky (napt. rizné snovacky Theridiidae). Nekteré
druhy, jako Splhalka Anyphaena accentuata (Walckenaer, 1802) vSak vyuzivaji budky
jako denni ukryt a v noci lovi kofist v okoli. Pavouci v ptacich budkach byli dosud
studovani jen velmi sporadicky a existuje celosvétove pouze nékolik studii (NORDBERG
et al. 1936, Mc ComB & NOBLE 1982, GAIDOS et al. 1991, CERNECKA et al. 2017), tito
autofi studovali pavouky v budkach béhem hnizdni sezény, ptipadné je sbirali z hnizd
v budkach hnizdicich ptaki. Teprve recentné byla publikovana prvni prace o vyuzivani

ptacich budek pavouky pro piezimovani (MACHAC & TUF 2021, Piiloha III).

1.4 Pavouci a sekadi v lesich ovlivnénych hnizdicimi kormorany

Spolecensky hnizdici ptaci, jako jsou kormorani velci Phalacrocorax carbo (Linnaeus,
1758), maji vyrazny vliv na biotopy v okoli svych hnizdnich kolonii (KLIMASZYK &
RzyMmskl 2016). Kormorani vytvafeji pocetné, nékdy az nékolikatisicové hnizdni
kolonie na stromech v blizkosti jezer, fek nebo na motském pobiezi (EERDEN et al.
2012).

Hnizdici kormordni ovliviluji okolni vegetaci mechanicky, jednak svym
hnizdénim a opadem hnizdniho materialu, jednak sbérem materialu na stavbu hnizda a
pohybem po vétvich. Své okoli vSak ovliviiuji také chemicky, produkci velkého
mnozstvi trusu, ktery extrémné zvySuje mnozstvi zivin a Kyselost v pudé (BOUTIN et al.
2001, KLIMASZYK & RzyMskI 2016). Tyto zmény se odrazeji na struktufe vegetace,
ktera se v rizn¢ ovlivnénych plochach v kolonii mozaikovité méni od holych ploch bez
vegetace s uhynulymi stromy v mistech s nejvétsi hustotou hnizd, az po husté zarostlé
plochy v opusténych ¢astech kolonie (MATULEVICIUTE et al. 2018).

Mnozstvi zbytkG ryb, uhynulych mlad’at a trusu lakd mnozstvi koprofagu,
nekrofagl a jejich predatort (Goc et al. 2005, YAHIRO et al. 2013). N¢které skupiny
bezobratlych, zvlasté saprofagni druhy a predatofi, na téchto biotopech profituji, jiné,
jako napf. herbivorni druhy, naopak téméf chybi (KoL et al. 2012). Da se
predpokladat, Ze tato mista budou atraktivni pro fadu bezobratlych predatorti. Nekteré

studie vSak ukazuji sniZzenou abundanci zvlasté sitovych, ale pfekvapivé i na zemi
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aktivné lovicich druhd pavoukii v hustych kormoranich koloniich v porovnani
s opusténymi nebo neovlivnénymi biotopy v okoli (napt. KoL et al. 2012). Studii
zabyvajicich se spolecenstvy pavoukil a sekacl v kormoranich koloniich je vSak velmi

malo (KoLB et al. 2012, MACHAC et al., P¥iloha IV).

1.5 Cile této prace

Cilem této prace je souhrn znamym, ale zejména nov¢ zjisténych poznatkii o ekologii
spoleCenstev pavoukll a sekact na ctyfech dosud malo studovanych specifickych
biotopech v lesnich ekosystémech a to na kmenech stromt, v dutinach stromti, v ptacich
budkéach a v kormoréani kolonii. Cilem bylo shrnout slozeni a popsat vliv vybranych
faktort ovliviiujicich pocetnosti a sloZeni spoleéenstva pavouku a sekacli obyvajici tyto

specifické biotopy.

2. CHARAKTERISTIKA DOSAZENYCH VYSLEDKU

2.1 Pavouci a sekadi na kmenech stromt ve mésté a v lese

V prvni studii jsme se zabyvali porovnanim tfi metod odchytu pavouki a sekdct na
kmenech stromti na dvou odliSnych biotopech, v méstské zeleni a v luznim lese u mésta
Pierov (MACHAC & TUF 2016, Piiloha I). V této studii jsme srovnavali abundance a
druhové spektrum jak s ohledem na pouzitou metodu, tak i s ohledem na druh stromu
(lipa, dub a javor). Ve studii byly srovnavany metody kartonovych past (HORVATH &
SZINETAR 1998), lepovych past a upravené padaci pasti (PINZON & SPENCE 2008).
Celkem bylo vSemi studovanymi metodami na obou biotopech ziskano 56 druhti
pavouki a 6 druht sekacii. Vice jedincii obou skupin bylo ziskdno v luZznim lese, neZ na
stromech v méstské zeleni. Pocet druht pavoukt byl na obou biotopech stejny, ale lisilo
se jejich spektrum. Vice druhl sekact bylo zjisténo v lese nez na stromech v méstské
zeleni. Na kmenech v méstské zeleni byly zjistény také druhy, u nas zijici zejména
synantropné, jako napt. zapfednice Cheiracanthium mildei L. Koch, 1864 nebo
cedivecka Nigma walckenaeri (Roewer, 1951) (BUCHAR & RUZzZICKA 2002, HANSEN
1992) a naopak zde chybély nékteré druhy typické na stromech v lesich (BLICK 2011),
jako napf. pavucenka Hypomma cornutum (Blackwall, 1833) nebo bé&znik Xysticus
lanio C. L. Koch, 1835. Podobn¢ tomu bylo i u sekact, napf. u nas neptivodni a Sifici se

druh Opilio canestrinii (Thorell, 1876) (ROZWALKA & STAREGA 2012) byl zaznamenan
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na obou biotopech, ovsem s vyrazné vétsi pocetnosti na stromech v méstské zeleni nez v
lese. Diky studovanym metodam se podafilo potvrdit také pritomnost sekace Lacinius
ephippiatus (C. L. Koch, 1835) na kmenech stromd v luznim lese, tento druh je
povaZzovan spiSe za epigeicky (SILHAVY 1956). VétSina ziskanych druhtl pavouki
patfila mezi arborikolni druhy (SZINETAR et HORVATH 2005).

Ze studovanych stromtll bylo nejvice druhil i jedinct pavouku i sekact ziskano
z dubu, statisticky rozdil se vSak mezi jednotlivymi druhy stromti neprokazal. Ze
srovnavanych metod se ukazala jako nejucinnéjsi metoda upravené padaci pasti, naopak
metoda lepovych past se ke sbéru pavoukovcell neosvédcila, bylo z ni ziskdno nejméné
jedincti 1 druhi a sekacim casto na lepu zlstavaly jen jejich koncetiny. Dobie
pouzitelna je také metoda kartonovych pasii, ktera hosti nejvice druht v podzimnich
mésicich, kdy zde hledaji ukryt druhy zimujici pod kiirou stromu. V letnim obdobi se
pod kartonovymi pasy vyskytovaly pocetné samice s kokony, napi. kiizak Nuctenea
umbratica (Clerck, 1757) nebo zaptednici rodu Clubiona, podobné vysledky jsou také
pii pouziti bublinkové folie (ISAIA 2006).

Spolecenstva pavoukl a sekact na kmenech se na riznych biotopech muzou
lisit. | za pomoci jednoduchych metod lze ziskat bohaty material pavoukd a sekaci

z kment stromt, zvlasté pak metodou upravené padaci pasti a z kartonovych past.

2.2 Pavouci a $tirci v dutinach starych dubu

Ve druhé studii jsme se zabyvali dutinovou arachnofaunou na starych dubech letnich
(Quercus robur L.) na Pohansku u Bfeclavi (MACHAC et al. 2018, Priloha II).
Spolecenstvo pavoukd a Stirkti bylo z dutin dubid ziskano metodou upravené zemni pasti
instalované ve 22 dutindch a ndrazovou pasti umisténou u otvoru kazdé dutiny na
solitérnich stromech na loukach i zastinénych stromech v lesnim porostu. Zabyvali jsme
se také tim, zda se budou liSit druhy a jejich abundance v Zivych a odumfelych stojicich
stromech.

Celkem bylo ziskdno 41 druht pavouki a Sest druht Stirkd, 20 druht pfimo
Z dutin stromd. Dominantnimi druhy pavoukll V dutindch starych dubi byly
plachetnatka Midia midas (Simon, 1884), skalovka Scotophaeus quadripunctatus
(Linnaeus, 1758) a pokoutnik Tegenaria ferruginea (Panzer, 1804), tyto tii druhy lze
oznalit za typické dutinové druhy pavouku ve stfedni Evropé (RUZICKA et al. 1991,
RUSSELL-SMITH 2002, MACHAC et al. 2018, Priloha II). V dutinach byla druhové
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NS4

byly zastoupeny zejména druhy tvofici si horizontalni plachetkovité sité.

V dutinich a zejména na oslunénych dubech bylo zjisténo i n€kolik vzacnych a
ohrozenych druhti pavouk? a $tirke (REZAC et al. 2015, STAHLAVSKY 2017), tyto druhy
dokladaji dilezitost pfitomnosti dutin a starych stromu v ptirod€. Z pavouku se jednalo
0 snovacku Dipoena erythropus (Simon, 1881), skakavku Leptorchestes berolinensis
(C. L. Koch, 1846) nebo dutinovou plachetnatku M. midas. Prukazné¢ se polty
zjisténych jedincd pavouku a Stirkd v zapojeném lese a na solitérnich dubech nelisily,
stejné tak nebyl statisticky vyznamny rozdil v abundancich mezi Zzivymi a mrtvymi
stromy. Druhové spektrum se vsak na obou biotopech lisilo, 20 druhti bylo zjisténo jen
na stromech v lese, napt. Harpactea rubicunda (C. L. Koch, 1838), Porrhomma oblitum
(O. Pickard-Cambridge, 1871) nebo Philodromus albidus Kulczynski, 1911. Oproti
tomu pouze na oslunénych solitérnich stromech bylo zjisténo sedm druhd, napf.
Pelecopsis mengei (Simon, 1884) nebo Nigma flavescens (Walckenaer, 1830). Druhové
spektrum se také lisilo na zivych a mrtvych stromech, dutiny v mrtvych stromech
obyvalo pouze sedm druhti, na rozdil od 13 druht nalezenych v dutinach zivych stromf,
prestoze je znama preference nékterych druhii pavouki K odumfelym stromtm
(PAVIOUR-SMITH & ELBOURN 1978).

Celkové lze spolecenstvo druhli obyvajici dutiny starych stromt charakterizovat
jako druhové pomérné chudé, zastoupené zejména arborikolnimi druhy, ale byly v nich
nalezeny také druhy spiSe epigeické, obyvajici stromy pravdépodobné jen pftilezitostné
(NENTWIG et al. 2021, SZINETAR & HORVATH 2015). Dutiny starych stromt patii mezi
ohrozené mikrobiotopy, kterych v krajiné spolu se starymi stromy ubyva. Hosti fadu

ohroZenych druhil nejen saproxylického hmyzu, ale i pavoukovci.

2.3 Pavouci zimujici v ptacich budkach

Spolecenstvo pavoukl zimujici V ptac¢ich budkach a vliv vybranych faktort prostiedi
ovliviiujicich jejich pocetnosti, jsme studovali v luznim lese v PR Kralovstvi u obce
Grygov na stiedni Moravé (MACHAC & TUF 2021, Priloha Il1). V prvni casti studie
jsme v 50 ptacich budkach sbirali tii sezony vzdy na zacatku zimy (listopad-prosinec)
vSechny pavouky a studovali vliv druht stromt (lipa, dub, jasan) na abundance a
druhové spektrum pavoukid. Také jsme Studovali vliv uzavieného vstupniho otvoru do

budky na mnozZstvi v nich zimujicich pavoukd.
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V druhé casti studie jsme sledovali vliv venkovni teploty na rekolonizaci
prazdnych budek pavouky béhem zimy. Pavouky jsme v budkach sbirali opakované a
pritom jsme sledovali teplotni podminky vné a uvniti budek.

V treti ¢asti studie jsme se zamétili na vliv pritomnosti hnizdniho materidlu na
abundanci pavoukl v budkéach. Nasbirali jsme material pavouk celkové ze 126 ptacich
budek a extrahovali hnizdni material z 39 obsazenych budek.

Celkem jsme ziskali 3511 pavoukd, nalezejicich do 16 druhti z 11 celedi. Téméet

cey

vSechny tyto druhy patfily mezi arborikolni pavouky, Zijici béhem vegetacni sezony na
stromech; $lo pfevazné o druhy obyvajici kmeny stromi, v mens$i mife také druhy zijici
na listech a vétvich dfevin (SZINETAR & HORVATH 2015). Pouze pokoutnik Tegenaria
silvestris L. Koch, 1872 neni typickym obyvatelem stromt a je to spiSe epigeicky druh
(NENTWIG et al. 2021), i kdyz se na nizsich partiich kmene obc¢as vyskytuje (KUBCOVA
& SCHLAGHAMERSKY 2002). V jednom piipadé byl v budkach zjistén také kiizak
Mangora acalypha (Walckenaer, 1802), coz je druh zijici na bylinné vegetaci (BUCHAR
& RUzICKA 2002). Dominantni druhy v ptacich budkach byly zapiednik Clubiona
pallidula (Clerck, 1757) (47 % ziskaného materialu), Splhalka Anyphaena accentuata
(Walckenaer, 1802) (24 % ziskaného materialu), ve vétSich pocetnostech také snovacky
Steatoda bipunctata (Linnaeus, 1758) (13 %) a Platnickina tincta (Walckenaer, 1802)
(5 %).

VétSinou Slo o béZzné lesni druhy, mezi méné hojné druhy zimujici v budkéch
patfila skakavka Pseudicius encarpatus (Walckenaer, 1802) a mikarie Micaria
subopaca Westring, 1861, oba tyto druhy ziji béhem vegetacni sezoény na kufe stromd
(BUCHAR & RUZICKA 2002). Podobné spektrum druhti zjistili i v budkéach na Slovensku
CERNECKA et. al. (2017), kdy zjistili 31 druht pavoukt, budky vsak vzorkovali celou
vegetacni sezonu od jara do podzimu. Na Slovensku byly v budkach pocetnéji nalezeny
také druhy Amaurobius fenestralis (Strom, 1768) a Segestria senoculata (Linnaeus,
na kmenech jehli¢natych stromd ve vysSich polohach (BUCHAR & RUZICKA 2002).
V CR viak byly oba tyto druhy nalezeny v pta¢ich budkach ve smiSenych lesich napf.
ve Vsetinskych vrsich nebo v Beskydech (Macha¢ nepublikovano), stejné jako vzacny
karpatsky endemit SestioCka Dasumia carpatica (Kulczynski, 1882). Druhy z ¢erveného
seznamu V budkéch zjistény nebyly.

Alesponi jeden jedinec pavouka byl ziskan z 92 % studovanych budek, coz je

vysoky podil obsazenych budek v porovnani se studii ze Severni Ameriky (Mc CoMB &
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NOBLE 1982), kde zjistili pfitomnost pavoukd jen v7 % budek a S nejniz§imi
abundancemi v zimnim obdobi. Z gild loveckych strategii pavoukt byly nejpocetnéji
zastoupeny druhy, které si nestavi sité¢ a kofist aktivn¢ lovi (9 druhi). Druhy lovici za
pomoci trojrozmérnych a kruhovych siti byly zastoupeny shodné ¢tyfmi druhy. Druhy
tvotici kruhové sité vSak vyuzivaly budky pouze jako ukryt pro pfezimovani a sité si
v nich nestavély. Pomérné piekvapivé bylo malé zastoupeni druh stavéjici
plachetkovité horizontalni sité, tato skupina druhli byla napf. nejpocetnéjsi
Vv piirozenych dutinach starych dubti na Pohansku (MACHAC et al. 2018, P¥iloha II).
Druh stromu nemél prikazny vliv na abundance a druhové sloZeni pavoukt v ptacich
budkach, tento vysledek jsme vsSak predpokladali, coz je zfejmé dano zastoupenim
studovanych stromi s podobnou strukturou borky. Na jednotlivych druzich stromi se
vsak spolecenstva pavoukti mohou lisit, rozdily jsou vSak patrné zejména mezi stromy
lisSici se vyrazné strukturou borky (SAmMuU et al. 2014) nebo mezi jehlicnatymi a
listnatymi stromy (KORENKO et al. 2011). Budky suzavienym vchodem hostily
prikazné mén¢ jedinc pavoukl nez budky oteviené. Pavouci sice ziejmé& vyuzivaji
vstupni otvor k osidleni budky, ale byli zaznamenani ve vétSich poétech i v celoro¢né
zaSpuntovanych budkdch a zvlasté mensi a ploché druhy mohou budku osidlovat i
Skvirami pod stfechou nebo ve spojich budky. V hnizdni sezoné¢ vSak mutze byt rozdil
Vv zastoupeni pavoukd mezi zavienymi a otevienymi budkami mensi, protoze
v otevienych budkach jsou pavouci vystaveni predacnimu tlaku ptakd, zvlaste kdyz
shangji potravu i pro sva mlad’ata (CERNECKA et al. 2017).

Teplota uvnitf budky a venku se prikazné nelisila, i kdyz teplota v budce byla
obvykle mirn¢ vyssi. Prikazny vliv teploty na osidlovani budek pavouky byl prokazan
u sedmi v zim¢ aktivujicich druht. Béhem zimy kolonizovala budky v hojnéj$im poctu i
pfi teplotach kolem bodu mrazu $plhalka A. accentuata, kterd je znama jako druh, ktery
aktivné lovi i v zim¢ (KOOMEN 1999, KORENKO et al. 2010), jeji abundance v budkach
stoupaly se vzrastajici venkovni teplotou pted vlastnim odbérem. Ostatni druhy
osidlovaly budky v zimnim obdobi jen sporadicky. Napiiklad nejpocetnéjsi druh
v budkach, zaptednik C. pallidula, zimuje v pavucinovych zamotcich na sténach budky
nebo v hnizdnim materialu a béhem zimy obvykle neni aktivni.

V budkach se podafil najit hnizdni material z celkem 39 hnizd, jeZz nalezela
sykoram konadram (Parus major (Linnaeus, 1758)), sykoram modiinkam (Cyanistes
caeruleus (Linnaeus, 1758)) a lejskim belokrkym (Ficedula albicollis (Temminck,

1815)). Tepelnou extrakci tohoto materidlu v Tullgenovych aparatech bylo ziskano
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deset druhi pavoukid, znichz byly nejpocetnéjsi zaptednici Clubiona brevipes
Blackwall, 1841 (37 % ze ziskaného materialu z hnizd), C. pallidula (35 %) a mladi
jedinci snovacky P. tincta (20 %). Tyto druhy jsou znamymi obyvateli ptacich i sav¢ich
hnizd (napi. GAIDOS et al. 1991).

Mimo pavouky obsahoval hnizdni material také blechy (Siphonaptera), larvy
dvouktidlych (Diptera) a drobnych motyli (Lepidoptera), Skvory (Dermaptera) a
Z ostatnich pavoukovcll zejména roztoe (Acari). Stirci byli piekvapivé zastoupeni
pouze dvéma jedinci rodu Chernes.

Ptitomnost hnizda v budkach méla prikazny pozitivni vliv na vyssi abundanci
pavoukl. VétSina zjisténych druhti byla pocetnéjsi v budkach s hnizdnim materialem,
zvlasté pak druhy, které jsou pfes zimu neaktivni a kofist obvykle nelovi, napf.
C. brevipes, C. pallidula a P. tincta, pouze S$plhalka A. accentuata a snovacka
S. bipunctata byly pocetnéjsi v budkach bez hnizda. Tyto dva druhy jsou aktivni i v
zime. V budkach s hnizdnim materialem je v porovnani s volnymi hnizdy (GAIDOS et al.
1991) nebo s hnizdy v norach hnizdicich ptakd (HENENBERG et al. 2017) vétsi mnozstvi
jedincii i druht pavoukd. V budkach, kde nocovali ptaci, nebyli zjisténi témét zadni
pavouci, zaznamenali jsme vSak pouze nékolik takovych budek (rozpoznany byly podle
pritomnosti Cerstvého ptaciho trusu). Ptaci budky jsou ndhradnim hnizdnim biotopem
pro ptaky, ale béhem zimy nabizeji Ukryt pro rozmanité spektrum pavoukt zijicich na
stromech. Nasli jsme Vv budkach asi polovinu druhli pavoukd, které jsou znamé Zivotem
na stromech v lesich tohoto typu v regionu (MACHAC & TUF 2016, PFiloha III), a témé&f
vSechny naSe druhy, o nichz je zndmo, Ze na stromech pifezimuji. Ornitologové
zav&Sovanim budek na stromech podporuji nejen v dutinach hnizdici ptdky a drobné

savce, ale také prezimujici pavouky, ktefi jsou dilezitymi regulatory ,,8kadci* v lesich.

2.4 Pavouci a sekaci v lesich ovlivnénych hnizdicimi kormorany

Ve ¢étvrté studii jsme studovali vliv zmén vegetace na spoleenstva vybranych skupin
epigeickych bezobratlych predatord, jako jsou pavouci, sekaci a stonozky v Kkolonii
kormoréana velkého. Hnizdni kolonie se nachazela v borovém lese na pobiezi Baltského
moife v NP Kurska kosa v Litvé (MACHAC & al., Priloha IV). V hust¢ osidlené
kormoréani kolonii, ktera patii mezi nejvétsi na pobfezi Baltu (ZIDELIS & al. 2002) a

v dob¢ studie ¢itala okolo 6000 hnizdicich kormorant (MATULEVICIOTE & al. 2018),
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jsme tii roky na ctyfech rtizné ovlivnénych plochach studovali pocetnosti a druhové
slozeni vybranych epigeickych skupin bezobratlych predatora.

Prvni plocha reprezentovala zacinajici hnizdici kolonii se vzristajici poctem
obsazenych hnizdnich stromt se stfedni densitou hnizd a vlivem kormoranti. Na této
plose byly pomalu odumirajici stromy S kefovou vegetaci a fidkym podrostem bylin.
Druha plocha predstavovala husté osidlenou kolonii s nejvétsim vlivem kormorantl,
s odumielou vegetaci a stromy, S vétS§imi plochami bez vegetace. Tieti plocha byla
opusténad kolonie jen s nékolika hnizdy pomalu zartstajici kefi s nizkym ovlivnénim
kormorany. Ctvrta plocha byl okolni borovy les bez vlivu kormorani.

Material byl ziskan za pomoci zemnich pasti. Na vSech plochach byl proveden
fytocenologicky snimek (MATULEVICIOTE et al. 2018) a podle rostlinného spektra
vypocitany Ellenbergovy indikaéni hodnoty pro spoleCenstva rostlin na danych
plochach (ELLENBERG et al. 2001). Zkoumali jsme vliv faktorti vegetace za pomoci
Ellenbergova indexu pro svétlo, ziviny a vlhkost, dale ptitomnost ploch bez vegetace a
pokryvnost vegetace na spolecenstva epigeickych predatora.

Celkem bylo ziskano 4299 jedinct pavoukl nalezejicich 102 druhum, 451
jedinct sekacu z deviti druhti a 1501 jedinct stonozek ze sedmi druhti. Nejpocetnéjsimi
pavouky na vSech ¢tyfech plochach byli slid’ak Trochosa tericola Thorell, 1856 (39 %),
plachetnatka Diplostyla concolor (Wider, 1834) (14 %) a pacelistnatka Pachygnatha
listeri Sundevall, 1830 (5 %). Mezi sekac¢i dominovali seka¢ Phalangium opilio
Linnaeus, 1761) (40 %) a zlaznatka Nemastoma lugubre (Miiller, 1776) (23 %).
Celkové pouze tietina druhii pavoukt patfila mezi typické lesni druhy (BUCHAR &
RUZICKA 2002), tietina mezi druhy nelesnich biotopt a tfetinu piedstavovaly druhy bez
vyhranéného biotopového naroku. Pomérné vysoky pocet nelesnich druhti doklada
velky podil prosvétlenych ploch v kormorani kolonii, je totiz znamo, Ze svételnost
vegetacniho patra méd na pavoukovce vyznamny vliv a Ze lesni svétliny poskytuji
vhodné podminky i druhim z nelesnich biotopti (UETZ 1979, KOSULIC et al. 2016).
Jednotlivé skupiny studovanych clenovcii se V pocetnostech na rtzné€ ovlivnénych
plochach lisily. Pavoukd bylo nejvice zjisténo ve stiedné ovlivnéné casti kolonie,
nejméné pak v opusténé casti kolonii, naproti tomu sekaci a stonozek bylo nejvice
Vv nejhustsi ¢asti kolonie a nejméné v zacinajici, resp. konéici ¢asti kolonie. Pocet druhti
jednotlivych skupin se mezi rtizné ovlivnénymi plochami vyrazné nelisil, liSilo se vSak

jejich druhové spektrum a pomérné zastoupeni jednotlivych druht.
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Prikazny vliv na abundance pavoukd, sekact a stonozek mél ze studovanych
faktorti Ellenbergliv index pro svétlo, ptitomnost ploch bez vegetace, hustota hnizd a
pokryvnost bylin a mechového patra. Pokryvnost stromt ani ket signifikantni vliv
neméla. Mezi funkénimi skupinami se vliv ukdzal pouze u aktivné lovicich nesitovych
druhtt pavouku, které preferuji plochy bez vegetace s vyssi densitou hnizd, coz
potvrzuje, ze aktivné lovici druhy pavouki jsou méné vazani na pritomnost bylinného
patra (HURD et al. 1992, LAFAGE et al. 2019). Konkrétné byli pocetnéjsi slidaci T.
tericola a rodu Pardosa, zatimco vyskyt plachetnatky D. concolor, jako zastupce druhti
lovici za pomoci siti, mél opacny trend. Kormorani sice vyrazn¢ ovliviiuji lesni
ckosystémy, ale zaroven vytvaieji pestrou mozaiku riiznorodé vegetace, z které mohou

skupiny epigeickych predatort, jako jsou pavouci a sekaci, profitovat.

3.ZAVER

Specifické biotopy hosti fadu pavouki a sekact, at’ uz to jsou druhy z okoli, které tyto
biotopy obyvaji jen prilezitostné, nebo druhy na né specializované. Na téchto
specifickych biotopech jsou v porovnani s okolim ¢asto rozdilné mikroklimatické a
strukturni podminky a tak jsou né€kterymi druhy pavoukii a sekact vyhleddvany a
preferovany.

Mezi takové biotopy patii kmeny stromu, které poskytuji fadu raznych
mikrobiotopli. Kmeny stromli obyvad rozmanité spolecenstvo pavoukid a sekacu.
Druhové spektrum a pocetnosti se mohou lisit v zavislosti na biotopu a druhu stromu.
Zjistili jsme napt., ze na kmenech v luznim lese bylo vice jedincti pavouki a sekact nez
na stromech v méstské zeleni, liSilo se také jejich druhové spektrum, ale poctem druhi
se prili§ nelisil. Na kmenech stromt v méstské zeleni se vyskytuji také nékteré
synantropni druhy. Nejucinngjsi metodou ke sbéru pavoukovct z kmend stromi Se
ukazala upravena padaci past, na podzim se vsak osvédc¢ila také i metoda kartonovych
past.

Specifické je spoleCenstvo pavoukl obyvajici dutiny stromil. Umisténi stromu s
dutinou mtze mit vliv na slozeni pavoucich spolecenstev v dutinach. V nasi studii se
vSak vliv mista ristu dutinového stromu na louce nebo v lese neprokazal, stejné jako
rozdil mezi zivymi a odumfelymi stromy. Nebyly zjistény ani prikazné rozdily
v abundancich, liSilo se vsak jejich druhové spektrum a bylo v nich nalezeno i nékolik

vzacnych a ohrozenych druhd pavouki. Dutiny starych stromi hosti fadu ohrozenych
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druhti, nejen saproxylického hmyzu, ale také pavouki. Dutiny starych stromu patii mezi
ohrozené mikrobiotopy, kterych spolu se starymi stromy v nasi ptirod¢ ubyva.

Pta¢i budky poskytuji pavoukim vhodny mikrobiotop, zvlasté na podzim a
vV zimnim obdobi, kdy v budkéch hledaji ukryt pro pifezimovani. Ze studovanych faktori
mela prukazny vliv na vyssi abundance pavoukd v budkach pfitomnost hnizdniho
materialu a otevieny vstup budky. Nekteré druhy pavoukt osidluji budky i v prabéhu
zimy, zvlasté pak Splhalka Anyphaena accentuata, ostatni druhy je osidlovaly pouze
sporadicky. V budkach bylo zjisténo riznorodé zimujici spolecenstvo pavouku zijicich
na stromech a 92 % budek bylo osidleno alespon jednim pavoukem. Lidé vyvéSovanim
ptacich budek nepodporuji pouze v nich hnizdici ptaky, ale také piezimujici pavouky,
ktefi hraji také dilezitou roli v boji proti ,,sktidcim®.

Specifickymi biotopy jsou plochy lesa ovlivnéné hnizdicimi kormorany. Na
téchto plochéch se stiidaji vlivem rtizné hustoty hnizdicich kormoranti plochy vegetace
vV rizném stadiu sukcese, od holych mist po plochy zarostlé nitrofilnimi bylinami.
Prokazatelny vliv na pocetnosti pavouki a sekact na téchto biotopech méla pokryvnost
bylinné a mechové vegetace, Ellenbergliv index pro svétlo, hustota kormoranich hnizd a
pritomnost ploch bez vegetace. Aktivné lovici druhy mély vyssi abundance na plochéach
bez vegetace a svyssi hustotou hnizd, naopak jejich pocetnost klesala s vyssi
pokryvnosti vegetace. U sitovych druh pavoukl a kratkonohych druhti sekaci byl
zjistén opaény trend. Kormorani vyznamné ovliviiuji lesni biotopy v hnizdnich
koloniich, vytvareji v§ak mozaiku riznorodé vegetace, z které mizou profitovat nékteré
svétlomilné druhy a aktivné lovici bezobratli predatofi.

Studie zahrnuty vtéto praci piinasi fadu novych poznatki o ekologii

spolecenstev pavoukl a sekacti na malo studovanych specifickych biotopech.
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Abstract. We studied spiders and harvestmen on tree trunks using three sampling methods. In 2013, spider and harvestman research
was conducted on the trunks of selected species of deciduous trees (linden, oak, maple) in the town of Pferov and a surrounding flood-
plain forest near the Becva River in the Czech Republic. Three methods were used to collect arachnids (pitfall traps with a conservation
fluid, sticky traps and cardboard pocket traps). Overall, 1862 spiders and 864 harvestmen were trapped, represented by 56 spider spe-
cies belonging to 15 families and seven harvestman species belonging to one family. The most effective method for collecting spider
specimens was a modified pitfall trap method, and in autumn (September to October) a cardboard band method. The results suggest a
high number of spiders overwintering on the tree bark. The highest species diversity of spiders was found in pitfall traps, evaluated as

the most effective method for collecting harvestmen too.

Keywords: Araneae, arboreal, bark traps, Czech Republic, modified pitfall traps, Opiliones

Trees provide important microhabitats for arachnids includ-
ing specific microclimatic and structural conditions in the
bark cracks and hollows (Wunderlich 1982, Nikolai 1986).
Some species lives on tree trunks throughout the year, where-
as other spiders use trees only for a certain period, mainly
during overwintering (Horvath et al. 2001, 2004). Faculta-
tive bark-dwelling spiders which usually live in the canopies
are found on trees only in late autumn to early spring, i.e. in
season when deciduous trees are without leaves (Horvath &
Szinetar 2002).

Bark-dwelling spiders are relatively rarely studied. In-
formation on bark-dwelling spiders are scattered in studies
focused on the diversity of fauna of particular forest habi-
tats (e.g. Weiss 1995, Horvath & Szinetar 2002, Blick 2011)
or parks and towns (e.g. Hansen 1992, Horvith & Szinetir
1998). Applied research may study bark-dwelling spiders as
pest-control agents in orchards (e.g., Bogya et al.1999, Pekar
1999). Some studies are focused specifically on spider biology,
e.g. overwintering (Pekar 1999, Spitzer et al. 2010) or habitat
stratification (e. g. Simon 1994). Several species find shelter
on tree trunks during harsh conditions, e.g. floods (Zulka
1989, Marx et al. 2012). In Europe, several hundreds of spi-
der species were reported on the bark of different tree species
(Szinetar & Horvith 2006, Blick 2011).

Different methods can be used to collect arachnids living
on tree trunks. The most popular ones are arboreal eclectors
placed on trunks (e.g. Albrecht 1995, Kubcové & Schlagham-
ersky 2002, Blick 2011) or branches in canopies (e.g. Koponen
2004, Moeed & Meads 1983, Simon 1995). Another method
is the bark trap which can be made from wrapped cardboard
(e.g. Bogya et al. 1999, Horvith & Szinetir 1998, 2002, Hor-
véth et al. 2001, 2004, 2005) or polyethylene bubble film (Isa-
ia et al. 2006). Pitfall traps (i.e. Barber traps) were adopted
to sample trunk inhabiting invertebrates too (e.g. Pinzon &
Spence 2008). Canopy-inhabiting invertebrates can be sam-
pled by fogging (e.g. Otto & Floren 2007), window traps,
various types of eclectors or direct beating of branches (Bol-
zern & Hinggi 2005, Blick & Gossner 2006, Aguilar 2010),

but these methods are expensive, time-consuming or difficult.
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This study is focused on the comparison of the species
spectrum of spiders and harvestmen obtained by three sim-
ple low-cost trap designs — modified pitfall traps, cardboard
bands and sticky traps.

Material and methods

The study was carried out in Pferov Town (49°26'58"N,
17°2723”E) and a surrounding floodplain forest fragment
(49°28'8"N, 17°297’E) in the Czech Republic. Both locali-
ties are situated at 220 m a.s.l. Spiders and harvestmen were
sampled on the trunks of three different species of deciduous
trees (Littleleaf linden — 7%/ia cordata, Norway maple — Acer
platanoides, English oak — Quercus robur) using three different
methods. Simple pitfall traps were made from the 1.5-litre
plastic bottles (Fig. 1) filled with 0.25 litre of a saturated so-
lution of salt (NaCl). Sticky traps were made from ordinary
transparent sticky tape 20 cm wide and 40 cm long covered
with a layer of glue 95-10-0220 used against tree pests (tape
Stromset made by Propher, Fig. 2). Cardboard bands were
made from corrugated cardboard 20 cm wide and 40 cm long
(Fig. 3). Altogether, 90 traps were installed on 90 trees (each
tree with one trap, 15 traps for each method in the forest as
well as in the town, i.e. 45 trees in the forest and 45 trees in
the town). The tree species were equally sampled by different
traps in the forest and in the town (15 lindens, 15 maples and
15 oaks in both forest and town). Traps were placed on the
tree trunks at a height of 4 m. Traps were exposed from May
5% to October 27% 2013 and sampled monthly. Spiders and
harvestmen were identified to species level using common
identification keys (Miller 1971, Silhavy 1971, Nentwig et
al. 2015). Nomenclature followes the World Spider Catalog
(2015) and Martens (2013).

Results

Overall, 1862 spiders and 864 harvestmen were trapped, re-
presenting 56 spider species from 15 families and seven har-
vestman species from one family (Tab. 1). One third of all
spiders were immature specimens (Clubiona 57 %, Theridion
23 %, Philodromus 20 %). Juveniles of Linyphiidae, which
could not be determined to genus level, were not counted.
Although the number of recorded individuals was higher in
the forest than in town, the number of species was similar be-
tween the localities (39 vs. 39 species of spiders and seven vs.
five harvestman species respectively). The highest number of
species and specimens of spiders and harvestmen were found

on oak. A total of 1133 spiders belonging to 48 species and
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805 harvestmen belonging to seven species were captured in
modified pitfall traps. In total 16 spider species were recorded
by pitfall trapping exclusively (30 % of all species sampled
by this method). The most abundant taxa obtained using
this method were Anyphaena accentuata, Clubiona pallidula
(Clubiona sp.), Drapetisca socialis and the harvestman Rilaena
triangularis. A total of 560 spiders belonging to 31 species
but only 27 (mainly immature) harvestmen were sampled by
cardboard bands (Tab. 1). Four spider species were obtained
by this method exclusively (13 % of all species recorded by
this method). The most abundant taxa obtained using this
method were Clubiona pallidula and Nuctenea umbratica. A
total of 169 spiders belonging to 24 species and 32 harvest-
men belonging to three species were stuck on sticky traps.
‘Three spider species were sampled by sticky traps exclusively
(11 % of all species captured by this method). The most abun-
dant taxa obtained with this method were Philodromus sp.
and Drapetisca socialis. The number of spider and harvestman

Fig. 1: Pitfall trap made from a
plastic bottle

Fig. 2: Sticky trap

Fig. 3: Cardboard band trap

specimens trapped in pitfall traps was the highest in May at
both localities (Fig. 4), whereas the number of species was
the highest in July (Fig. 5). The effectivity of cardboard bands
(both in the number of individuals and species) was highest in
October (Figs 4, 5). Only 11 species of spiders were trapped
by all methods, other species were recorded by one method
exclusively, or by a combination of two methods (Tab. 1).

Discussion

'The 56 spider species collected during this study mostly re-
present common arboreal species. The number of spider spe-
cies is low in comparison with some other methods like ec-
lectors (e.g. Albert 1976, Platen 1985, Simon 1995, Koponen
1996, Blick 2009, 2012). Evidently, trunk eclectors are much
more effective in sampling the whole spider species spectrum
compared to our methods. Using trunk eclectors in different
forests in Germany Blick (2011) found a total of 334 spider
species between 1990 and 2003. In a different project (Blick

Tab. 1: List of all collected spiders and harvestmen species and the number of specimens collected at two localities and by three different methods.
L - linden, O - oak, M - maple; PT - pitfall traps, CB - cardboard bands, ST - sticky traps. Bold numbers indicate trapping exclusively with one method.

Species/Family Locality Tree Method

Forest Town L () M PT CB ST
Araneae
Segestriidae
Segestria senoculata (Linnaeus, 1758) 1 3 3 1 3 1
Mimetidae
Ero furcata (Villers, 1789) 1 1 1
Theridiidae
Anelosimus vittatus (C. L. Koch, 1836) 2 12 9 5 13 1
Dipoena melanogaster (C. L. Koch, 1837) 4 4 8 . 4 1
Enoplognatha ovata (Clerck, 1757) 12 2 3 9 2 10 .
Parasteatoda lunata (Clerck, 1757) 8 7 3 6 12 3 .
Parasteatoda simulans (Thorell, 1875) . 1 . . . . 1
Platnickina tincta (Walckenaer, 1802) 24 23 10 31 6 10 24 13
Steatoda bipunctata (Linnaeus, 1758) . 2 2 . 2
Theridion mystaceum L. Koch, 1870 22 14 9 21 6 29 7
Theridion varians Hahn, 1833 4 10 6 7 1 9 1 4
Theridion sp. (juv.) 61 42 40 46 17 50 17 36
Linyphiidae
Agyneta innotabilis (O. P.-Cambridge, 1863) . 11 7 4 9
Agyneta rurestris (C. L. Koch, 1836) 7 2 5 4 7 1 1
Bathyphantes sp. (juv.) 1 . . 1 . 1 . .
Drapetisca socialis (Sundevall, 1833) 95 24 69 21 29 99 4 16
Entelecara acuminata (Wider, 1834) 13 12 2 16 22 . 3
Erigone atra Blackwall, 1833 . 1 1 . . . . 1
Hypomma cornutum (Blackwall, 1833) 12 . . 12 . 7 5
Lepthyphantes minutus (Blackwall, 1833) 80 15 17 39 39 53 42
Mocbelia penicillata (Westring, 1851) 24 20 20 12 12 10 34
Neriene montana (Clerck, 1757) 13 13 . 2 11




Spiders and harvestmen on tree trunks

69

Species/Family Locality Tree Method

Forest Town L (o) M PT CB ST
Tenuiphantes flavipes (Blackwall, 1854) 2 2 . 2 2 3 . 1
Trematocephalus cristatus (Wider, 1834) 8 6 4 2 8 11 1
Tetragnathidae
Pachygnatha listeri Sundevall, 1830 1 . . 1 1 .
Tetragnatha pinicola L. Koch, 1870 4 2 1 5 2 4
Araneidae
Araneus sp. (juv.) 8 . 8 6 2
Gibbaranea gibbosa (Walckenaer, 1802) 3 3 3
Larinioides sclopetarius (Clerck, 1757) . 4 4 . . 4
Nuctenea umbratica (Clerck, 1757) 24 45 8 30 31 20 49
Zygiella atrica (C. L. Koch, 1845) 1 1 1
Agelenidae
Agelena labyrinthica (Clerck, 1757) 1 . 1 . 1
Eratigena atrica (C. L. Koch, 1843) 1 1 . . 1
Tegenaria silvestris (L. Koch, 1872) 5 3 2 4 1
Dictynidae
Brigittea civica (Lucas, 1850) . 2 2 1 . 1
Dictyna uncinata Thorell, 1856 1 . 1
Emblyna annulipes (Blackwall, 1846) . 2 . 2 2
Lathys humilis (Blackwall, 1855) 4 3 1 1
Nigma flavescens (Walckenaer, 1830) 2 . 2 . 1 . 1
Nigma walckenaeri (Roewer, 1951) 10 10 8
Eutichuridae
Cheiracanthium mildei L. Koch, 1864 10 1 9 5 5
Anyphaenidae
Anyphaena accentuata (Walckenaer, 1802) 241 114 78 214 73 316 33 6
Clubionidae
Clubiona brevipes Blackwall, 1841 . 8 8
Clubiona comta C. L. Koch, 1839 1 2 2 1
Clubiona lutescens Westring, 1851 . 3 2 . 1 2 1 .
Clubiona pallidula (Clerck, 1757) 175 124 62 184 53 105 191 3
Clubiona sp. (juv.) 202 54 68 114 74 175 51 30
Gnaphosidae
Micaria subopaca Westring, 1861 3 3 2 1
Philodromidae
Philodromus albidus Kulczyriski, 1911 1 13 10 . 4 10 1 3
Philodromus sp. (juv.) 23 47 17 31 22 53 . 17
Thomisidae
Ozyptila praticola (C. L. Koch, 1837) 36 4 . 40 11 29
Pistius truncatus (Pallas, 1772) 5 1 4 . 5
Synema globosum (Fabricius, 1775) 1 . 1 . 1
Xysticus lanio C. L. Koch, 1835 18 2 12 4 18
Salticidae
Ballus chalybeius (Walckenaer, 1802) 8 5 3 10 13
Ewarcha falcata (Clerck, 1757) 1 . . 1 . 1
Salticus scenicus (Clerck, 1757) . 8 5 . 3 8 . .
Salticus zebraneus (C. L. Koch, 1837) 9 19 7 17 4 18 4 6
Opiliones
Phalangiidae
Lacinius dentiger (C. L. Koch, 1847) 3 1 2 2 4
Lacinius ephippiatus (C. L. Koch, 1935) 17 6 11 12 23
Mitopus morio (Fabricius, 1799) 1 . . . 1 1 .
Opilio canestrinii (Thorell, 1876) 7 20 5 12 10 26 1 .
Opilio saxatilis C. L. Koch, 1839 3 3 . 1 . 2
Phalangiidae spp. (juv.) 26 . . 26 . 26
Phalangium opilio Linnaeus, 1761 12 1 4 7 2 9 . 3
Rilaena triangularis (Herbst, 1799) 566 202 203 471 94 741 . 27
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Fig. 4: Number of spider specimens obtained by three sampling methods
during one year (total number); above (4a) - forest, below (4b) - town

2010), 105-151 spider species was sampled using just 8 eclec-
tors in different forest reserves in Hesse (Germany). Similarly,
Platen (1985) sampled 69 species using just one eclector.
Nevertheless, in comparison with other studies using
modified pitfall traps, its efficiency was similar: Weiss (1995)
found 57 species and Macha¢ (2014) found 33 spider species
and 3 harvestman species from 18 traps contrary to 48 species
recorded by pitfall traps in this study. We trapped relatively
more harvestman species than has been published (Sihrig &
Rothlinder 2006), but without some typical bark-dwelling
species, e.g. from the genus Leiobunum. The number of species
can also be influenced by the type of locality, both localities
are relatively disturbed and without protected nature status.
Most of the collected spider species in the forest are wide-
spread, silvicolous spiders with a known arboreal occurrence
(Szinetar & Horvith 2006). In the town, synanthropic spe-
cies of spiders were collected too, e.g. Brigittea civica, Cheira-
canthium mildei and Nigma walckenaeri (Buchar & Ruzicka
2002). The most dominant species found in the town and the
forest are the common spider species Anyphaena accentuata,
Clubiona pallidula and the harvestman Rilaena triangularis,
known from previous studies (e.g. Horvith et al. 2001, Hor-
vath & Szinetar 2002). The greatest number of spider speci-
mens collected using cardboard bands were obtained during
September and October (almost 60% of them). The exclusive
species recorded in cardboard bands were Agelena labyrinthica,
Emblyna annulipes, Pistius truncatus and Steatoda bipunctata.
Tree trunks provide important shelters for the overwintering

of spiders (Pekar 1999, Horvith & Szinetdr 2002, Szinetir

Fig 5: Number of spider species obtained from three sampling methods
during one year (total number); above (5a) - forest, below (5b) — town

& Horvith 2006). Corrugated cardboard bands simulate tree
bark asperities and spiders used them preferably (Isaia et al.
2006). During summer months, these cardboard bands are
inhabited mostly by females with egg sacs, e.g. Clubiona pal-
lidula, Nuctenea umbratica or Ozyptila praticola, which provide
calm and warm shelters. Similarly, the spider Oreonetides qua-
dridentatus is known to migrate onto tree trunks from soil
during spring (Kopecky & Tuf 2013). Cardboard bands seem
to be effective for sampling species living under bark or over-
wintering on trunks. On the contrary, this method is not suit-
able for harvestmen as only one aggregation of unidentified
juveniles was found.

The pitfall traps made from PET bottles obtained the
most spider specimens and the largest number of spider spe-
cies (48) as well as harvestmen species (seven). Also, the high-
est portion of exclusive species was recorded by this method,
including a majority of specimens belonging to Araneidae
and Salticidae as well as harvestmen. The highest number of
spider and harvestman specimens was obtained by this meth-
od during May, including the harvestman Rilaena triangularis
which is most active in this month (Klimes 1990). Pinzon &
Spence (2008) found only 33 species on trunks using trunk
pitfall traps in the forests of Canada. Trunk pitfall traps are,
however, very effective for sampling of spiders and harvest-
men living on tree trunks (Weiss 1995).

'The sticky trap method was not effective for arachnids at
all. Twenty-four spider (mostly juveniles and small species)
and three harvestman species were obtained using this meth-
od only. Moreover, harvestmen were usually damaged when
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releasing them from the glue. This method is not usually used
for sampling arachnids, but is suitable for monitoring bal-
looning spiders (e.g. Greenstone et al. 1985). Sticky traps are
more suitable for flying insects, e.g. Coleoptera, Diptera or
Hymenoptera (Horvith et al. 2005, Bar-Ness et al. 2012).

Based on our results, we can recommend pitfall trapping
for sampling spiders and harvestmen from tree trunks. In au-
tumn and during winter, this method can be combined (or
replaced) with cardboard bands (bark traps) as an effective
method to collect arachnids searching for overwintering shel-
ters.
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Abstract. Spiders and pseudoscorpions on old pedunculate oaks (Quercus robur) with tree cavities were studied in a Central European
floodplain (South Moravia, Czech Republic). Altogether 322 specimens from 47 spider taxa and 71 specimens of six pseudoscorpion spe-
cies were collected during 2010 and 2011 from tree cavities using two methods. More specimens and species of spiders were obtained
from flight interception traps and more specimens and species of pseudoscorpions were obtained from pitfall traps. Remarkable records
represent typical cavity dwellers, i.e. the spider Midia midas (Simon, 1884), the pseudoscorpions Larca lata (Hansen, 1884) and Apochei-
ridium ferum (Simon, 1879), the latter occurs mostly under tree bark. Five arachnid species are listed in the Czech red list: Midia midas,
Leptorchestes berolinensis (C. L. Koch, 1846), Dipoena erythropus (Simon, 1881), Larca lata and Dendrochernes cyrneus (L. Koch, 1873).

Keywords: arboreal, Czech Republic, ecology, faunistics, solitary trees, tree cavity

Zusammenfassung. Spinnen und Pseudoskorpione (Arachnida: Araneae, Pseudoscorpiones) in alten Eichen eines mitteleuropa-
ischen Auwalds. Spinnen und Pseudoskorpione alter Stieleichen (Quercus robur) mit Baumhohlen wurden in einer mitteleuropdischen
Aue (Sidmahren, Tschechische Republik) untersucht. Insgesamt wurden 322 Individuen aus 47 Spinnentaxa und 71 Individuen aus sechs
Pseudoskorpionarten in den Jahren 2010 und 2011 mit zwei Methoden erfasst. Spinnen wurden in héhere Individuen- und Artenzahl
mit Kreuzfensterfallen und Pseudoskorpione zahl- und artenreicher in Bodenfallen in Baumhohlen gefangen. Bemerkenswerte Artnach-
weise betreffen typischer Baumhohlenbewohner: die Spinne Midia midas (Simon, 1884) sowie die Pseudoskorpione Larca lata (Hansen,
1884) und Apocheiridium ferum (Simon, 1879), letztere kommt vor allem unter Baumrinde vor. Fiinf Arten sind in der Tschechischen Roten
Liste enthalten: Midia midas, Leptorchestes berolinensis (C. L. Koch, 1846), Dipoena erythropus (Simon, 1881), Larca lata und Dendrochernes

cyrneus (L. Koch, 1873).

Old trees provide important microhabitats for arachnids,
such as foliage, branches, trunk and hollows; bark cracks and
cavities offer specific microclimatic and structural conditions
(e.g. Wunderlich 1982, Nikolai 1986). Some arachnid spe-
cies live on trees throughout the year, whereas others use trees
only for certain periods, mainly for overwintering (e.g. Hor-
vath & Szinetdr 2002, Horvith et al. 2004). Some facultative
bark-dwelling arachnids that usually live in the canopy are
found on trunks and in cavities only from late autumn to early
spring, i.e. while deciduous trees are without their leaves (Szi-
netir & Horvath 2006).

In Europe, spiders living in tree hollows have been studied
sporadically (Martinez De Murguia et al. 2007, Nitu et al.
2009), but no detailed study focusing on this topic has been
published yet. From Czechia, only a single study dealing spe-
cifically with spiders (and some other invertebrate groups) in
tree hollows has been published so far (Razicka et al. 1991).

In contrast, pseudoscorpion occurrence in tree hollows is
generally known (Beier 1963, Weygoldt 1969, Ranius 2002,
Christophoryova et al. 2017b). In Europe, obligate hollow-
dwelling pseudoscorpions belong mainly to the families Che-
liferidae and Chernetidae (Beier 1963). The first contribution
about pseudoscorpions from tree hollows in Czechia was pu-
blished by Ducha¢ (1993a); pseudoscorpions were collected
using pitfall traps installed in hollow trees in the Tteborisko
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Protected Landscape Area. St’éhlavsky (2001) carried out
systematic research in Prague and its surroundings, where
pseudoscorpions were obtained from the mould of 101 tree
hollows of 16 tree species. St’éhlavsky (2001) categorized the
species found according to their relationship to tree hollows
and defined Mundochthonius styriacus Beier, 1971, Dinochei-
rus panzeri (C.L. Koch, 1837), Allochernes wideri (C.L. Koch,
1843), and Anthrenochernes stellae Lohmander, 1939 as species
with a close relationship to this microhabitat. Later several
additional records of pseudoscorpions from tree hollows ac-
ross the country were mentioned in further faunistic publica-
tions (Stahlavsky 2006a, 2006b, 2011, Stahlavsky & Krasny
2007, Stéhlavsky & Tuf 2009, Stahlavsky & Chytil 2013).

Various methods have been used to collect arboricolous
arachnids. The most popular and effective are arboreal eclec-
tors situated on trunks (e.g. Albrecht 1995, Blick 2011) or
on branches (e.g. Koponen 2004). Pocket traps attached to
the tree bark represent another effective method (e.g. Bogya
et al. 1999, Horvath & Szinetdr 2002, Isaia et al. 2006). Pit-
fall traps have been used to sample arachnids in tree hollows
(e.g- Ruzicka et al. 1991, Ranius & Jansson 2002) and on tree
trunks (e.g. Pinzon & Spence 2008, Macha¢ & Tuf 2016).
Canopy-dwelling arachnids have been also sampled by cano-
py fogging (e.g. Otto & Floren 2007). Sweeping and hand
collecting were used as a simple method for collecting speci-
mens from branches (Hansen 1992). Flight interception traps
have been developed mainly to collect flying insects, those of
the window trap type being employed in particular for cat-
ching beetles in flight (e.g. @kland 1996). Flight interception
traps have not been used primarily for sampling arachnids
until now.

'The aim of the present paper was to collect original data
about spiders and pseudoscorpions of old oaks growing in a
Central European floodplain on the northern margin of the
Pannonian basin, obtained by pitfall traps installed in tree
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cavities and by flight interception traps installed near their
openings. The material was collected within a study primarily
focused on saproxylic beetles associated with tree hollows.

Material and methods

Study area

'The study was carried out in the Lower Dyje (Thaya) flood-
plain (48°43’10”N, 16°54'27”E, 150 to 165 m a.s.l.) south to
southeast of the Pohansko hunting chateau and archaeologi-
cal site, which is located ca. 3 km south of the town of Bfeclav
(South Moravia, CZECH REPUBLIC). This area had been
historically used as a wood pasture; during the last two hund-
red years, the more open areas were partially changed to
hay meadows and the rest mostly to high forest for timber
production. There is a high number of old trees, particularly
pedunculate oaks (Quercus robur), both in the meadows and
within smaller woods and larger forest stands, that had grown
for a long time in open or semi-open conditions (Fig. 1). The
study area, sampling design and sampling methods are de-
scribed in detail in Schlaghamersky (2011) and Miklin et al.
(2017).

Sampling design

Sampling was conducted in 2010 and 2011 (leg. J. Budka, J.
Schlaghamersky). In 2010, 22 old oaks (Quercus robur) with
cavities were studied. Ten (five live and five dead) were soli-
tary trees in meadows. Twelve trees (seven live and five dead)
were in close-canopy forest stands. All of the dead trees were
standing. In 2011, a selection of 11 of these trees was resamp-
led (traps remained on the same positions); only two of them
were solitary trees in meadows (one dead), the rest growing in
close-canopy forest (six live, three dead). Two sampling me-
thods were used (their primary purpose was the sampling of
saproxylic beetles associated with tree hollows). On each tree
a flight interception trap (FIT) and a pitfall trap (PT) were
installed. FITs hung near the opening of a selected cavity on
a tree trunk. Cavity openings had to be at a height between
1.5 and 7 m above ground (Fig. 2a). Cavities with contact to

Fig. 1: Closed-canopy forest with
interspersed old oaks at the Po-
hansko study site (photo J. Schlag-
hamersky)

the ground or entirely hollow trees were excluded. The FIT
position was thus determined by the position of the opening
of the cavity (into which a pitfall trap was also installed) and
its distance from the tree crown varied substantially — in some
cases it hung within the lowest part of the crown, often sub-
stantially below it (due to the primary objective of their ins-
tallation). FITs were of the vane type, made of two crossing
sheets (50 cm x 25 cm) of transparent plastic, with a roof
above and a funnel (24 cm in diameter) connected to a coll-
ecting bottle attached below. As killing and preserving agent,
an aqueous 50% ethylene glycol solution with a drop of deter-
gent was used. Inside each tree cavity a pitfall trap was buried
into the wood mould with its opening (6 cm in diameter)
level with the mould surface (Fig. 2b). FITs and pitfall traps
were exposed simultaneously from the 21* April 2010 to 4®
October 2010 and from the 5 May 2011 to 23 August 2011
with three week sampling intervals. Spiders were identified
using the key of Nentwig et al. (2018). Pseudoscorpions were
identified using the key by Christophoryova et al. (2011c).
Nomenclature for all taxa follows the World Spider Cata-
log (2018) and the catalogue Pseudoscorpions of the World
(Harvey 2013). The material of spiders and pseudoscorpions
is deposited in the collection of the Department of Botany
and Zoology at the Masaryk University in Brno.

Results

Spiders (Araneae)

A total of 322 specimens representing 47 taxa from 15 fami-
lies were identified (Tab. 1). FITs yielded 165 specimens be-
longing to 40 taxa and 14 families. None of the species captu-
red by the FI'Ts were particularly abundant, only some species
were present in relatively high numbers: Parasteatoda lunata
(Clerck, 1757) (9 specimens), Anyphaena accentuata (Walcke-
naer, 1802) (8), Porrhomma oblitum (O. P.-Cambridge, 1871)
(8), Leptorchestes berolinensis (C. L. Koch, 1846) (8) and Plaz-
nickina tincta (Walckenaer, 1802) (8) (Tab. 1). FITs exclusi-
vely yielded 27 spider taxa. Most species captured by FITs

were Linyphiidae with nine species and a group of species
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Fig. 2: Sampling methods used during the current study. a. Flight interception trap (FIT) (photo J. Schlaghamersky); b. Pitfall trap (PT) inside a tree hollow

(photo J. Budka)

identified only to family level (Tab. 1). Pitfall traps placed
in tree hollows yielded 157 specimens belonging to 20 taxa
and 11 families (Fig. 4a). The most abundant species trapped
in the tree hollows were Tegenaria ferruginea (Panzer, 1804)
and Midia midas (Simon, 1884). The most species-rich fami-
ly in the pitfall traps was Linyphiidae with six species and a
group of species identified only to family level. Most spiders
collected in hollows are horizontal web builders. Seven spi-
der taxa were obtained exclusively by pitfall traps. A total of

226 specimens belonging to 41 taxa were obtained from trees
in forests and 96 specimens from 27 taxa from solitary trees
in meadows. Twenty taxa were obtained exclusively from oak
hollows situated in forests, six taxa were obtained exclusively
from solitary trees in meadows. Traps installed on dead and
live trees yielded 139 specimens belonging to 34 taxa and 183
specimens from 40 taxa, respectively. Seven species were ob-
tained exclusively from dead trees. Exclusively in live trees, 13
taxa were present (Tab. 1).

Fig. 3: Typical hollow dwellers. a. Midia midas, body length 3.5 mm (photo R. Macek); b. Larca lata, scale bar 2 mm (photo J. Christophoryova)
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Remarkable spider species

Linyphiidae

Midia midas (Simon, 1884) (Fig. 3a)

This species is rare and associated with ancient deciduous
trees. It lives in tree hollows, where it builds small horizontal
webs (Russell-Smith 2002). It is known to occur from the
Iberian Peninsula to Turkey, reaching Denmark, Great Brit-
ain and Poland in the north (Nentwig et al. 2018). Within
Czechia it has been found in eastern Bohemia around Pardu-
bice (Dolansky 1998), South Bohemia (Rizicka et al. 1991)
and South Moravia near Lednice (Buchar & Ruazicka 2002,
Kubcovi & Schlaghamersky 2002). The species is listed in
the Czech red list as endangered (Rez4c et al. 2015). Its per-
ceived rarity might be partially due to the lack of arachno-
logical studies focusing on its habitat, although this habitat
— old trees with cavities — has definitely become scarce and
threatened.

Salticidae

Leptorchestes berolinensis (C. L. Koch, 1846)

Leptorchestes berolinensis is considered as a rare species, living
on vegetation on sun-exposed forest edges, on rock outcrops
(Buchar & Ruizicka 2002), as well as on sun-exposed bark
of solitary trees and on wooden fences (Bryja et al. 2005,
Macha¢ & Niedobovi 2015). It is known to occur widely in
Europe, except North Europe and Great Britain (Nentwig et
al. 2018). The species is listed in the Czech red list as vulner-
able (Reza¢ et al. 2015).

Theridiidae

Dipoena erythropus (Simon, 1881)

This species is very rare, living on trees and known within
Czechia only from South Moravia (Buchar & Ruzicka 2002),
but it might have been overlooked. It lives on branches in the
crowns of deciduous trees, mainly oaks. It is known to occur
widely in Europe, except the northern part of Europe (Nen-
twig et al. 2018). Four specimens were obtained from FITs in
the present study. This species is listed in the Czech red list as
critically endangered (Reza¢ et al. 2015).

Pseudoscorpions (Pseudoscorpiones)
In total, 71 specimens belonging to six species from four fami-
lies were identified (Tab. 1). More specimens were collected

in pitfall traps than in FITs (Fig. 4b). The most abundant spe-

cies, Larca lata, was found exclusively in pitfall traps. Also,
all specimens of Allochernes wideri were found in pitfall traps.
On the other hand, Apocheiridium ferum (Simon, 1879) and
Dendrochernes cyrneus (L. Koch, 1873) were collected only in
FITs. Chelifer cancroides (Linnaeus, 1758) and Chernes hahnii
(C. L. Koch, 1839) were captured in both trap types. Mark-
edly more specimens were present in hollows in trees situated
in forest stands than in those growing in meadows (Tab. 1).
Remarkably, all pseudoscorpions were collected on live trees,
not a single specimen on a dead one (Tab. 1).

Remarkable pseudoscorpion species

Larcidae

Larca lata (Hansen, 1884) (Fig. 3b)

'This species appears to be rare and vulnerable and is a typi-
cal cavity dweller (Judson & Legg 1996, Ranius & Wilander
2000). It occurs only in Europe, where it has been found in
13 countries until now (Harvey 2013). Recently it was re-
ported for the first time from Slovakia and Hungary (Chris-
tophoryovi et al. 2011a, Novik 2013). Within Czechia it
has been found in the Tfeboiisko Protected Landscape Area
(South Bohemia) and in the Lower Morava Biosphere Re-
serve, which covers also the present study site (Ducha¢ 1993a,
Stahlavsky 2011, Stahlavsky & Chytil 2013). In the Czech
red list, it is listed as vulnerable (St’éhlavsky 2017).

Cheiridiidae

Apocheiridium ferum (Simon, 1879)

'This species is distributed in Europe and has also been found
in Asian Turkey, Azerbaijan and Uzbekistan (Harvey 2013).
Beier (1963) reported that the species lives under tree bark,
especially of fruit trees. According to Weygoldt (1966) it oc-
curs even in the tightest spaces under bark. Ducha¢ (1997)
reported A. ferum from South Moravia as new for Czechia,
without providing information about its habitat. Later it was
found in the same region in the village of Lednice (St’z’thlavsky
& Duchag 2001) and also close-by at Valtice and Hlohovec,
in both cases under Platanus bark (St’zihlavsky & Chytil 2013).

Chernetidae

Dendrochernes cyrneus (L. Koch, 1873)

This species is distributed in Asia and Europe (Harvey
2013). It is one of the pseudoscorpions that regularly occurs
in bird nests, but it has also been found under tree bark and

Fig. 4: Abundance and species numbers of spiders (a) and pseudoscorpions (b) in different types of traps. Abbreviations: FIT - flight interception trap,

PT - pitfall trap
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Tab. 1: List of taxa collected on old oaks at Pohansko; Abbreviations: FIT-

o ; . ) : ) Taxa FIT PT for sol dead live
flight interception traps close to cavity openings, PT - pitfall traps in hol-
lows, for - trees in close-canopy forest, sol — solitary trees in meadows, Liocranidae
dead - dead trees, live - live trees Agroeca brunnea (Blackwall, 1833) . 1 . 1 1
Taxa FIT PT for sol dead live Lvcosi
ycosidae
SPIDERS (ARANEAE) Pardosa sp. 1 . 1 . . 1
Agelenidae Trochosa robusta (Simon, 1876) . 1 . 1 . 1
Tegenaria ferruginea 3 66 42 27 31 38 . .
(Panzer, 1804) Philodromidae
Anvphaenidae Philodromus albidus 6 . 6 . . 6
YP Kulezyniski, 1911
Anyphaena accentuata g8 . 8 . 3 5 .
(Walckenaer, 1802) Philodromus spp. 1 1 1
Araneidae Salticidae
. Ballus chalybeius 1 . 1 . 1
Araneus triguttatus 1 . 1 . 1 .
(Fabricius, 1775) (Walckenaer, 1802)
Leptorchestes berolinensis 8 . 1 7 5 3
Araneus sp. 2 . . 2 . 2 (C.L. Koch, 1846)
Clubionidae Salticus zebraneus 7 . 6 1 2 5
Clubiona comta C.L.Koch, 1839 1 1 . . 1 (C.L.Koch, 1837)
Clubiona pallidula (Clerck, 1757) 3 .02 1 1 2 Tetragnathidae
Clubiona sp. 6 2 4 4 5 3 Metellina segmentata 1 . . 1 1
Dictynidae (Clerck, 1757)
Cicurina cicur (Fabricius, 1793) 1 5 5 1 3 3 Tetragnatha pinicola L. Koch, 1870 3 . 3 . 2 1
Dictyna uncinata Thorell, 1856 2 . 1 1 2 Theridiidae
Lathys humilis Blackwal, 1855) 7 1 5 3 Dipoena erythropus (Simon, 1881) - 2 2 4 .1 3
Nigma flavescens (Walckenacr, 5 ' . 5 . Enoplognatha ovata (Clerck,1757) 3 . 3 . 1 2
1830) Parasteatoda lunata (Clerck,1757) 9 2 8 3 4 7
Dysderidae Parasteatoda simulans 3 3 . 2 1
Harpactea rubicunda 3 2 5 . 4 1 (Thorell, 1875)
(C.L.Koch, 1838) Platnickina tincta 8 . 7 1 2 6
Gnaphosidac (Walckenaer, 1802)
Drassodes sp. 1 . 1 ' . 1 Robertus lividus (Blackwall, 1836) 2 1 1 1 1
. Steatoda bipunctata 2 2 3 1 3 1
Scotophaeus quadripunctatus . 15 8 7 4 11 .
(Linnaeus, 1758) (Linnaeus, 1758)
Linyphiidac Theridion mystaceum L. Koch, 1870 1
Araeoncus humilis (Blackwall, 2 . 2 . . 2 Theridion spp. 1. 4 7 74
1841) Thomisidae
Diplocephalus picinus 3 . 2 1 1 2 Ozyptila praticola (C. L. Koch, 6 1 5 2 3 4
(Blackwall, 1841) 1837)
Drapetisca socialis . 1 1 . . 1
(Sundevall, 1833) PSEUDOSCORPIONS
Erigone atra Blackwall, 1833 2 . 1 1 2 (PSEUDOSCORPIONES)
Hypomma cornutum 3 3 3 3 1 5 Larcidae
(Blackwall, 1833) Larca lata (Hansen, 1884) . 41 37 4 .4
Lepthyphantes minutus 7 7 11 3 7 7 Cheiridiidae
(Blackwall, 1833) Apocheiridium ferum 7 . 6 1 . 7
Linyphia triangularis 5 . 5 . . 5 (Simon, 1879)
(Clerck, 1757) Cheliferidae
Linyphiidae gen. spp. 9 5 18 6 7 17 Chelifer cancroides 3 7 5 5 10
Midia midas (Simon, 1884) . 38 31 7 24 14 (Linnaeus, 1758)
Neriene montana (Clerck, 1757) 1 1 2 1 1 Chernetidae
Pelecopsis mengei (Simon, 1884) 1 1 1 Chernes hahnii (C.L.Koch,1839) 1 1 1 1 2
Porrbomma oblitum 8 . 8 . 3 5 Dendrochernes cyrneus 3 . 2 1
(O. P.-Cambridge, 1871) (L. Koch, 1873)
Trematocephalus cristatus . 1 1 . 1 . Allochernes wideri . 8 8 . . 8

(Wider, 1834) (C.L.Koch, 1843)
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in tree hollows, though rarely (Christophoryova et al. 2011b,
Krajcovicova & Christophoryova 2014). The Lower Morava
Biosphere Reserve, which covers also our present study site,
represents the only area within Czechia, from where D.
cyrneus has been recorded; it was found in oak litter, under
tree bark and phoretic on a longhorn beetle (Duchaé¢ 1993b;
St’éhlavsky & Chytil 2013). St’éhlavsky (2017) listed the spe-

cies as vulnerable in the Czech red list.

Discussion

Most of the obtained 40 spider species represent arboreal ones
(Szinetar & Horvéth 2005). Only six taxa were epigeic: Cicu-
rina cicur (Fabricius, 1793), Drassodes sp., Harpactea rubicunda
(C. L. Koch, 1838), Diplocephalus picinus (Blackwall, 1841),
Pardosa sp. and Trochosa robusta (Simon, 1876). The most
abundant species in the FI'Ts were Anyphaena accentuata, Lep-
torchestes berolinensis and Parasteatoda lunata. Anyphaena ac-
centuata lives during the vegetation season on tree branches,
L. berolinensis and P. lunata dwell on tree trunks (Buchar &
Ruzicka 2002). Several small linyphiid spiders were obtained
from FITs, including juvenile specimens, which disperse by
ballooning. The majority of the species captured by FITs live
on tree trunks or branches.

Tegenaria ferruginea and Midia midas were most abundant
in the pitfall traps. Both species are typical cavity dwellers
(Ruzicka et al. 1991, Buchar & Ruzicka 2002). The money
spider M. midas is rare and endangered in the whole of Eu-
rope (Russell-Smith 2002, Reza¢ et al. 2015). Another typi-
cal hollow dweller is Scotophaeus quadripunctatus (Linnaeus,
1758), which we obtained only from pitfall traps. The record
from Pohansko represents a new locality for Czechia, but not
far from its nearest known locality close to Lednice (Kubcova
& Schlaghamersky 2002). All specimens were obtained from
pitfall traps. The number of spider species and family compo-
sition obtained by pitfall trapping was similar to other stud-
ies from tree hollows in Spain and Romania (Martinez De
Murguia et al. 2007, Nitu et al. 2009), but the species com-
position differed. Other remarkable spider species were the
jumping spider L. berolinensis and the theridiid Dipoena eryth-
ropus, listed in the Czech red list as vulnerable and critically
endangered, respectively (Reza¢ et al. 2015). Significantly
more spiders were obtained from trees in the forest than from
solitary trees in meadows. Forests have a high species pool of
arboricolous spider species (Samu et al. 2014). More species
and specimens were present on live trees than on dead ones.

All of the collected pseudoscorpion species, except Che-
lifer cancroides, represent typical inhabitants of tree micro-
habitats. C. cancroides is considered to be cosmopolitan and
synanthropic (Beier 1963), which may be related to its fre-
quent occurrence in the nests of Hirundinidae (Turienzo et al.
2010). Nevertheless, its occurrence under tree bark and in tree
cavities is also known (Mahnert 2011, Krajcovic¢ova & Chris-
tophoryovd 2014). St’éhlavsky & Chytil (2013) recorded the
species in tree hollows within Czechia, in the south Moravian
floodplains at Lednice and Bfeclav. During the present study,
C. cancroides was found in both trap types. The same numbers
of individuals were found in hollows of solitary trees as well
as of trees situated in forest stands. Two specimens of Chernes
hahnii were obtained in the present study, one in FIT one
in a pitfall trap. The species shows a strong association with

the microhabitat under tree bark (St’éhlavsky 2001, Drogla

& Lippold 2004, Krajcovicovd & Christophoryovd 2014).
Its presence in FIT could have been caused by its upwards
migration on the tree trunks or by zoophoresy. Krajcovi¢ovi
& Christophoryovi (2014) collected 11 specimens of Chernes
hahnii in photoeclectors installed on tree trunks which can
also be related with upwards migration on the tree trunks. A
surprisingly low number of A//ochernes wideri was found in tree
hollows in the present study. In a study conducted in Prague
and its surroundings, 4. wideri represented the second most
abundant species found in tree hollows (St’zihlavsky 2001).
The species was reported in all of the subsequent faunistic
papers dealing with pseudoscorpions from tree microhabitats
in Czechia (gt’éhlavsky 2006a, 2006b, 2011, St’éhlavsky &
Kréasny 2007, Stéhlavsky & Tuf 2009, Stahlavsky & Chytil
2013).'Three species Larca lata, Apocheiridium ferum and Den-
drochernes cyrneus are presented as remarkable records in the
current paper. Two of them, L. lata and D. cyrneus, are listed in
the Czech red list as vulnerable (St’éhlavsky 2017).

In conclusion, looking at the obtained data, one has to
bear in mind that whereas the pitfall traps collected speci-
mens living in tree hollows or actively visiting them, the
trapping of spiders and pseudoscorpions in free-hanging
FITs was a rather accidental process. Both groups do not
fly, though some passive air-born transport does occur (bal-
looning and zoophoresy) (Decae 1987, Christophoryovi et
al. 2017a). However, other non-flying invertebrates have also
been obtained from FITs (own unpublished observation). In
the present case one has to assume that many individuals fall-
ing down from the canopy, possibly taken by wind, ended up
in the traps despite the trap roofs (meant to prevent flooding
by rainwater and accumulation of debris in the trap funnel).
We also observed spiders building their webs between the
panes or between pane and roof.
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Supplementary file

Spiders

Agelenidae

Tegenaria ferruginea (Panzer, 1804)

Material examined: PT (21.IV.—17.V.2010): three dead trees
in forest, 3 33, 2 9%; five live trees in forest, 4 33, 1 juv.; four
dead solitary trees, 2 88, 1 9, 2 juv.; four live solitary trees, 6
38,5 92.PT (17.V.=3.V1.2010): two dead trees in forest, 2 &3,
1 %; one live tree in forest, 1 ; two dead solitary trees, 1 3, 2
2. FIT (3.VI.-28.V1.2010): one dead tree in forest, 1 &; one
live tree in forest, 1 8. PT (3.V1.-28.V1.2010): one dead tree
in forest, 2 9%; one live tree in forest, 1 %; two dead solitary
trees, 1 8,1 @. PT (28.VI.-16.VI1.2010): two dead trees in
forest, 1 8,1 9; two dead solitary trees, 1 &, 1 ?; one live so-
litary tree, 2 88. FIT (16.VI1.-6.VII1.2010): one live tree in
forest,1 3. PT (16.VIL.—-6.VIII.2010): one dead tree in forest,
1%.PT (4X.~19.X.2010): one dead tree in forest, 1 juv.; one
live solitary tree, 1 juv. PT (5.V.=2.V1.2011): two live trees in
forest, 2 83,2 9%, 1 juv. PT (2.V1.-20.V1.2011): one dead tree
in forest, 1 &; two live trees in forest, 5 33. PT (20.VI.-11.
VI1.2011): one dead tree in forest, 1 &; one live tree in forest,
13.PT (11.VIL.-8.VIIL.2011): one dead tree in forest, 1 juv.;
one dead solitary tree, 1 juv. PT (8.VII1.-23.VII1.2011): one

live tree in forest, 1 %, 3 juv.

Anyphaenidae

Anyphaena accentuata (Walckenaer, 1802)

Material examined: FIT (17.V.-3.V1.2010): one live tree in
forest, 4 83.FIT (28.V1.-16.VI1.2010): one dead tree in forest,
13,12 FIT (6.VII1.-31.VII1.2010): one live tree in forest, 1
juv. FIT (2.V1.-20.V1.2011): one dead tree in forest, 1 8.

Araneidae

Araneus triguttatus (Fabricius, 1775)

Material examined: FIT (2.VI.-20.VI1.2011): one dead tree
in forest, 1 %.

Araneus sp.
Material examined: FIT (2.V1.-20.V1.2011): one live solitary

tree, 2 juv.

Clubionidae

Clubiona comta C. L. Koch, 1839

Material examined: FIT (5.V.-2.VI.2011): one live tree in
forest, 1 8.

Clubiona pallidula (Clerck, 1757)

Material examined: FIT (28.VI.-16.VI1.2010): one dead
tree in forest, 1 &; one live solitary tree, 1 8. FIT (11.VIL.-8.
VIIL.2011): one live tree in forest, 1 %.

Clubiona sp.

Material examined: FIT (31.VIII.-4.X.2010): one dead so-
litary tree, 1 juv. PT (31.VII1.-4.X.2010): one dead tree in
forest, 1 juv. FIT (5.V.-2.V1.2011): one dead solitary tree, 2
juv. FIT (2.VI.-20.V1.2011): two live trees in forest, 2 juv.
PT (2.VI.-20.V1.2011): one dead solitary tree, 1 juv. FIT
(8.VII1.-23.VIII.2011): one live tree in forest, 1 juv.

Dictynidae

Cicurina cicur (Fabricius, 1793)

Material examined: PT (21.IV.-17.V.2010): one dead tree
in forest, 1 @; one live tree in forest, 1 9. PT (16.VIL.-6.
VII1.2010): one solitary dead tree, 1 8. PT (5.V.-2.V1.2011):
one live tree in forest, 2 92. FIT (2.VI1.-20.V1.2011): one dead

tree in forest, 1 9.

Dictyna uncinata Thorell, 1856

Material examined: FIT (3.V1.-28.V1.2010): one live solitary
tree, 1 8. FIT (8.VII1.—23.VIII.2011): one live tree in forest,
13.

Lathys bumilis (Blackwall, 1855)

Material examined: FIT (17.V.-=3.VI1.2010): one live tree in
forest, 2 83. FIT (5.V.—2.V1.2011): one live tree in forest, 1
3; one live solitary tree, 1 &, 2 9. PT (5.V.-2.V1.2011): one
dead tree in forest, 1 2. FIT (8.VIII.-23.VII1.2011): one dead

tree in forest, 1 8.

Nigma flavescens (Walckenaer, 1830)
Material examined: FIT (8.VIII.-23.VII1.2011): one dead
solitary tree, 2 3.

Dysderidae

Harpactea rubicunda (C. L. Koch, 1838)

Material examined: PT (17.V.=3.V1.2010): one dead tree in
forest, 1 8. FIT (28.V1.-16.VII.2010): two dead trees in fo-
rest, 2 88; one live tree in forest, 1 . PT (31.VII1.-4.X.2010):

one dead tree in forest, 1 9.

Gnaphosidae
Drassodes sp.
Material examined: FIT (21.IV.-17.V.2010): one live tree in

forest, 1 juv.

Scotophaeus quadripunctatus (Linnaeus, 1758)

Material examined: PT (28.V1.-16.VI1.2010): one live tree
in forest, 2 3. PT (16.VIL.-6.VII1.2010): one dead solita-
ry tree, 1 8. PT (6.VIIL.-31.VII1.2010): one dead solitary
tree, 1 8. PT (31.VII1.-4.X.2010): one live tree in forest, 1
?; one dead solitary tree, 1 ¥; one live solitary tree, 2 33. PT
(4.X.-19.X.2010): one live solitary tree, 1 2. PT (2.VI.-20.
V1.2011): two live trees in forest, 1 8, 1 ?; one dead solitary
tree, 1 9. PT (11.VIL.-8.VIII.2011): one live tree in forest, 1
8. PT (8.VIII.-23.VIII1.2011): one live tree in forest, 2 &3.

Linyphiidae

Araeoncus humilis (Blackwall, 1841)

Material examined: FIT (2.VI.-20.V1.2011): one live tree in
forest, 1 8. FIT (20.VI.—-11.VI1.2011): one live tree in forest,
13.

Diplocephalus picinus (Blackwall, 1841)

Material examined: FIT (17.V.-3.V1.2010): one live tree in
forest, 1 8. FIT (28.V1.-16.VI1.2010): one dead tree in forest,
1 9. FIT (20.VI.-11.VI1.2011): one live solitary tree, 1 3.

Drapetisca socialis (Sundevall, 1833)
Material examined: PT (28.V1.-16.VI1.2010): one live tree
in forest, 1 8.
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Erigone atra Blackwall, 1833

Material examined: FIT (6.VIII.-31.VII1.2010): one dead
solitary tree, 1 8. FIT (5.V.-2.V1.2011): one dead tree in fo-
rest, 1 3.

Hypomma cornutum (Blackwall, 1833)

Material examined: FIT (21.IV.-17.V.2010): one dead tree
in forest, 1 8. PT (3.VI-28.V1.2010): one live solitary tree, 2
38,1 2.FIT (5.V.=2.V1.2011): one live tree in forest, 1 . FIT
(8.VIIL.-23.VIIL.2011): one live tree in forest, 1 8.

Lepthyphantes minutus (Blackwall, 1833

Material examined: FIT (21.1V.-17.V.2010): two live trees
in forest, 2 88. FIT (17.V.=3.V1.2010): one live tree in forest,
1 8. FIT (3.VI.-28.V1.2010): one dead tree in forest, 2 9%;
one dead solitary tree, 1 2. PT (28.V1.-16.VI1.2010): two live
trees in forest, 2 33; two dead solitary trees, 2 33. FIT (16.
VII.-6.VII1.2010): one dead tree in forest, 1 2. PT (6.VIII.—
31.VII1.2010): one dead tree in forest, 1 ¥; one live tree in fo-
rest,1 2. PT (11.VII.-8.VIII1.2011): one live tree in forest, 1 3.

Linyphia triangularis (Clerck, 1757)
Material examined: FIT (11.VIL.-8.VII1.2011): three live
trees in forest, 5 33.

Linyphiidae gen. spp.

Material examined: PT (21.I1V.-17.V.2010): one live solita-
ry tree, 2 juv. PT (3.VI.-28.V1.2010): one live solitary tree,
1 juv. FIT (3.V1.-28.V1.2010): one dead solitary tree, 1 juv.
FIT (16.VI1.-6.VII1.2010): one live solitary tree, 1 juv. PT
(16.VI1.-6.VII1.2010): one dead tree in forest, 1 juv. FIT
(5.V.=2.V1.2011): one dead tree in forest, 1 juv. FIT (20.VI.—
11.VIL.2011): one dead tree in forest, 3 juv; four live trees
in forest, 8 juv.; one live solitary tree, 1 juv. FIT (11.VIL.-8.
VIIL.2011): two live trees in forest, 4 juv. PT (11.VIL.-8.
VIIIL.2011): one dead tree in forest, 1 juv.

Midia midas (Simon, 1884)

Material examined: PT (21.1V.-17.V.2010): one dead solitary
tree, 1 8. PT (17.V.-3.V1.2010), one dead tree in forest, 1 &;
one dead solitary tree, 1 9. PT (3.V1.-28.V1.2010): one dead
tree in forest, 1 ¥; one live tree in forest, 1 . PT (28.VI.-16.
VI1.2010): two dead trees in forest, 1 3, 3 2%; two live trees
in forest, 2 83, 2 9%; one live solitary tree, 2 2. PT (16.VIL.—
6.VII1.2010): one dead tree in forest, 1 . PT (6.VIII.-31.
VIIL.2010): one live solitary tree, 1 2. PT (5.V.-2.V1.2011):
three dead trees in forest, 2 33, 3 ¥2. PT (2.V1.-20.V1.2011):
two dead trees in forest, 1 8, 5 9%; two live trees in forest, 1
3,1 9; one live solitary tree, 1 2. PT (20.V1.-11.VIL.2011):
two dead trees in forest, 1 8, 1 9; one live tree in forest, 1 &,
1%.PT (11.VIL.-8.VII1.2011): one live solitary tree, 1 . PT
(8.VII1.-23.VIII.2011): one dead tree in forest, 2 2.

Neriene montana (Clerck, 1757)

Material examined: PT (21.IV.—17.V.2010): one dead tree in
forest, 1 . FIT (28.VI.-16.VI1.2010): one live tree in forest,
12

Pelecopsis mengei (Simon, 1884)
Material examined: FIT (2.V1.-20.V1.2011): one live solitary
tree, 1 8.

Porrhomma oblitum (O. P.-Cambridge, 1871)

Material examined: FIT (21.IV.—17.V.2010): one dead tree
in forest, 2 92. FIT (3.V1.-28.V1.2010): two live trees in fo-
rest, 3 92. FIT (6.VII1.-31.VII1.2010): one live tree in forest,
1 Q. FIT (5.V.=2.V1.2011): one live tree in forest, 1 ¥. FIT
(2.VI.-20.VI1.2011): one dead tree in forest, 1 8.

Trematocephalus cristatus (Wider, 1834)
Material examined: PT (16.VII.—6.VII1.2010): one dead tree
in forest, 1 9.

Liocranidae

Agroeca brunnea (Blackwall, 1833)

Material examined: PT (17.V.=3.V1.2010): one dead solitary
tree, 1 3.

Lycosidae
Pardosa sp.
Material examined: FIT (20.VI.-11.VI1.2011): one live tree

in forest, 1 juwv.

Trochosa robusta (Simon, 1876)
Material examined: PT (21.IV.-17.V.2010): one live solitary
tree, 1 9.

Philodromidae

Philodromus albidus Kulczyiski, 1911

Material examined: FIT (6.VIII.-31.VII1.2010): one live tree
in forest, 1 2. FIT (2.VI1.-20.V1.2011): two live trees in forest,
2 383.FIT (20.VI.-11.VII1.2011): three live trees in forest, 3 2.

Philodromus sp.
Material examined: PT (6.VII1.-31.VII1.2010): one live tree

in forest, 1 juv.

Salticidae

Ballus chalybeius (Walckenaer, 1802)

Material examined: FIT (5.V.—2.V1.2011): one dead tree in
forest, 1 3.

Leptorchestes berolinensis (C. L. Koch, 1846)

Material examined: FIT (3.V1.-28.V1.2010): one dead solita-
ry tree, 1 8. FIT (28.V1.-16.VI1.2010): two dead solitary trees,
233,192 FIT (16.VI1.-6.VII1.2010): one live tree in forest, 1
?; one dead solitary tree, 1 . FIT (20.VI.-11.VI1.2011): one
live solitary tree, 2 9%.

Salticus zebraneus (C. L. Koch, 1837)
Material examined: FIT (3.VI.-28.V1.2010): one dead tree in
forest, 1 3; one live tree in forest, 2 &3; one dead solitary tree,

1 8. FIT (20.VI.-11.VII1.2011): three live trees in forest, 3 2.

Tetragnathidae
Metellina segmentata (Clerck, 1757)

Material examined: FIT (8.VIII.-23.VIII1.2011): one dead
solitary tree, 1 %.

Tetragnatha pinicola L. Koch, 1870

Material examined: FIT (6.VIII.-31.VII1.2010): one dead
tree in forest, 1 ¢; one live tree in forest, 1 . FIT (11.VII.-8.
VIII.2011): one dead tree in forest, 1 9.
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Theridiidae

Dipoena erythropus (Simon, 1881)

Material examined: FIT (5.V.-2.V1.2011): one live tree in fo-
rest, 1 8. PT (2.VI.-20.VI1.2011): one live tree in forest, 1 &,
1 Q. FIT (8.VIII.-23.VII1.2011): one dead tree in forest, 1 L.

Enoplognatha ovata (Clerck, 1757)

Material examined: FIT (5.V.-2.VI1.2011): two live trees in
forest, 2 88. FIT (2.V1.-20.V1.2011): one dead tree in forest,
12

Parasteatoda lunata (Clerck, 1757)

Material examined: FIT (3.VI.-28.V1.2010): one live tree
in forest, 2 83; one dead solitary tree, 1 3. PT (28.VI.-16.
VI1.2010): one live tree in forest, 1 2. FIT (5.V.-2.V1.2011):
one live tree in forest, 1 8. PT (5.V.—2.V1.2011): one dead tree
in forest, 1 8. FIT (20.VI.-11.VI1.2011): one dead solitary
tree, 2 92. FIT (11.VII.-8.VII1.2011): one live tree in forest,
1 Q. FIT (8.VIIL.-23.VIIL.2011): two live trees in forest, 2 99.

Parasteatoda simulans (‘Thorell, 1875)
Material examined: FIT (20.VI.-11.V1.2011): two dead trees

in forest, 2 9%; one live tree in forest, 1 Q.

Platnickina tincta (Walckenaer, 1802)

Material examined: FIT (5.V.-2.V1.2011): one dead solitary
tree, 1 . FIT (2.VI.-20.V1.2011): one live tree in forest, 1 &.
FIT (11.VI1.-8.VII1.2011): one dead tree in forest, 1 ¥; one
live tree in forest, 1 8,1 Q. FIT (8.VIIL.-23.VIIL.2011): two

live trees in forest, 3 9%.

Robertus lividus (Blackwall, 1836)
Material examined: FIT (3.VI.-28.V1.2010): one live tree in
forest, 1 3; one dead solitary tree, 1 3.

Steatoda bipunctata (Linnaeus, 1758)

Material examined: PT (28.VI.—16.VI1.2010): one dead tree
in forest, 1 2. PT (8.VIII.-23.VII1.2011): one live tree in fo-
rest, 1 @. FIT (5.V.-2.V1.2011): one dead tree in forest, 1 &.
FIT (11.VII.-8.VII1.2011): one dead solitary tree, 1 %.

Theridion mystaceum L. Koch, 1870
Material examined: FIT (2.VI.-20.VI1.2011): one live tree in
forest, 1 2.

Theridion spp.

Material examined: FIT (3.VI.-28.V1.2010): one dead tree
in forest, 1 juv. FIT (28.VI.-16.VI1.2010): one live tree in
forest, 1 juv.; two dead solitary trees, 3 juv; one live solitary
tree, 1 juv. FIT (16.VIL.—6.VII1.2010): one solitary dead tree,
1 juv,; one live solitary tree, 1 juv. FIT (5.V.-2.V1.2011): one
live solitary tree, 1 juv. FIT (8.VIII.-23.VIII1.2011): one dead

tree in forest, 2 juv.

Thomisidae

Ozyptila praticola (C. L. Koch, 1837)

Material examined: FIT (3.VI.-28.V1.2010): one dead tree
in forest, 1 9. PT (3.V1.-28.V1.2010): one live solitary tree,
1 3; one dead solitary tree, 1 ?; one live tree in forest, 1 9.
FIT (28.V1.-16.VIL.2010): one live tree in forest, 2 2. FIT
(6.VII1.-31.VII1.2010): one dead tree in forest, 1 <.

Pseudoscorpiones

Larcidae

Larca lata (Hansen, 1884)

Material examined: PT (21.IV.-17.V.2010): two live trees in
forest, 3 %, 1 deutonymph; one live solitary tree, 3 33. PT
(17.V.=3.V1.2010): one live tree in forest, 2 38. PT (3.VI.-28.
V1.2010): three live trees in forest, 4 33, 2 9%, 2 deutonymphs.
PT (28.VI.-16.VI1.2010): four live trees in forest, 2 92, 1 deu-
tonymph, 1 protonymph. PT (16.VI1.-6.VII1.2010): two live
trees in forest, 1 %, 1 deutonymph, 1 nymph. PT (6.VIII.-31.
VII1.2010): two live trees in forest,1 3,1 9,1 deutonymph. PT
(5.V.=2.V1.2011): one live tree in forest, 2 %, 1 tritonymph;
one live solitary tree, 1 2. PT (23.VII1.-19.X.2010): three live
trees in forest, 2 33, 7 9%, 1 tritonymph.

Cheiridiidae

Apocheiridium ferum (Simon, 1879)

Material examined: FIT (8.VIII.-23.VIII.2011): one live
tree in forest, 4 38,2 92. FIT (8.VIII1.-23.VII1.2011): one live
solitary tree, 1 .

Cheliferidae

Chelifer cancroides (Linnaeus, 1758)

Material examined: FIT (17.V.-3.VI1.2010): one live tree
in forest, 1 . PT (3.VI.-28.V1.2010): one live tree in for-
est, 2 ¥9; one live solitary tree, 1 tritonymph. PT (6.VIIL.—
31.VII1.2010): one live tree in forest, 1 9. FIT (6.VIII.-31.
VIII.2010): one live tree in forest, 1 2. FIT (5.V.-2.V1.2011):
one live solitary tree, 1 2. PT (20.VI.-11.VIL.2011): one live
solitary tree, 1 deutonymph. PT (11.VI1.-8.VII.2011): one
live solitary tree, 1 deutonymph, 1 protonymph.

Chernetidae

Chernes habnii (C.L. Koch, 1839)

Material examined: PT (21.IV.-17.V.2010): one live tree in
forest, 1 tritonymph. FIT (3.V1.-28.V1.2010): one live soli-
tary tree, 1 %.

Dendrochernes cyrneus (L. Koch, 1873)

Material examined: FIT (17.V.-=3.V1.2010): one live tree in
forest, 1 . FIT (3.VI.-28.V1.2010): one live tree in forest, 1
?.FIT (4.X.-19.X.2010): one live solitary tree, 1 3.

Allochernes wideri (C.L. Koch, 1843)

Material examined: PT (21.IV.-17.V.2010): one live tree in
forest, 13,1 %, 3 tritonymphs. PT (16.VIL.—6.VII1.2010): one
live tree in forest, 2 33,1 2.
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Simple Summary: Nesting boxes are often used to support hole-nesting birds, but are also attractive
as a shelter for many invertebrates, especially for overwintering. We studied assemblages of spiders
overwintering in nesting boxes in a lowland forest and the factors influencing their abundance and
activity during winter. The results show that the majority of arboreal spider species use nesting boxes
to overwinter and that their abundance increases with the presence of nest material. Some spider
species are also active at low temperatures in winter and can resettle emptied nesting boxes during
the winter season. By hanging nesting boxes on trees, ornithologists support not only hollow nesting
birds, but also overwintering spiders.

Abstract: Spiders are common inhabitants of tree hollows, as well as bird nesting boxes, especially
in autumn and winter. Some species of spiders use bird nesting boxes for overwintering. We
investigated spider assemblages in nesting boxes and how temperature influences the abundance
of overwintering spiders in nesting boxes in lowland forest in the Czech Republic. The study was
conducted in the European winters of 2015-2017. In total, 3511 spider specimens belonging to
16 identified species were collected from nesting boxes over three years in late autumn and winter.
Almost all species were arboreal specialists. The dominant species were Clubiona pallidula, Anyphaena
accentuata, Platnickina tincta, and Steatoda bipunctata. Although the tree species had no effect on the
abundance of overwintering spiders, the presence of nest material affected the abundance of spiders
in the nesting boxes (preferred by C. pallidula and P. tincta). In general, spiders resettled nesting
boxes during winter only sporadically, however A. accentuata reoccupied boxes continuously, and its
activity was positively correlated with the outside temperature. Nesting boxes support insect-eaters
all year around—birds during spring and summer and spiders during autumn and winter.

Keywords: Araneae; bird nests; Anyphaena accentuata; Clubiona pallidula; overwintering; artificial shelter

1. Introduction

Trees provide many specific microclimatic and structural microhabitats such as bark,
trunk, cavities, hollows, and foliage microhabitats [1-3]. Spiders can be found in all
microhabitats on trees: in spaces around the roots and trunk in soil [4], in foliage in the
canopy [5], as well as on the bark [6]. Some species are specialist or temporal dwellers in
tree hollows and cavities [7-9].

Tree cavities and hollows play an important role as a keystone component in biodi-
versity conservation [10,11]. Tree cavities provide breeding, feeding, and roosting habitats
for many vertebrates, especially hole-nesting birds and mammals [12,13]. In hollows with
nests (inhabited by birds or mammals), there is usually nest material with a rich abundance
of prey and shelter for many invertebrates, including spiders. Spiders in bird and mammal
nests are rarely studied, and only a few studies are known from Central Europe [14-19].

Spiders inhabiting tree hollows belong to web-builders, sit-and-wait predators, and
active hunters [9]. Some species of spiders live in tree hollows throughout the year, whereas
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other spiders use trees only during a certain period of the year, mainly for overwinter-
ing [20-23]. Many spiders hibernate in silk sacs or stay non active if the temperature is
low [24], although some species are active and hunt during winter [25]. Winter-active
arboreal hunters, such as some Philodromus spp. or Anyphaena accentuata, use tree cavities
as shelter in winter during daylight and hunt for prey at night [26].

Nest material is attractive for many groups of invertebrates, for example, parasites
of nesting vertebrates or commensals eating organic nest detritus and/or prey on their
parasites [27]. The density and distribution of tree hollows in forests depends on the
tree species and the age of forest stands [28]. Due to human management, the major-
ity of Central European forests have changed their structure from old mixed forests to
rather young monocultures of single-aged plantations, where minimum hollow trees are
present [29,30]. Nesting boxes are often used to support birds and small mammals, espe-
cially in younger and single-aged forests [31,32]. Only a few studies have evaluated spider
communities in bird nesting boxes [33], but, to our knowledge, none have investigated
spiders overwintering there.

In this study, we investigated the community of spiders overwintering in nesting
boxes in lowland forests. Specifically, we studied the influence of selected factors on
its distribution such as tree species, the presence of nest material, vertebrate predator
exclusion by closing the entrance with a rubber bung, and the influence of temperature on
the resettlement of nesting boxes during winter.

2. Materials and Methods

The study was performed in a floodplain forest habitat in the Kralovstvi Natural Re-
serve near Olomouc (Czech Republic: 49°30'36.37” N, 17°18/1.31" E, 205 m a.s.1.). Sampling
sites were located in a mature broadleaf lowland forest dominated by lindens (Tilia spp.),
oaks (Quercus spp.), ash (Fraxinus excelsior L.), hornbeam (Carpinus betulus L.), alders (Alnus
spp.), and elms (Ulmus spp.), with a mean annual temperature of about 12 °C. In this area,
bird nesting biology has been studied intensively [33] and several sites with nesting boxes
are managed. Wooden nesting boxes (290 x 220 x 180 mm, inlet 35 mm) are mounted
on trees 1.5 m above the ground. The boxes are spaced about 15 m apart in parallel lines.
The boxes were mounted on trees by ornithologists in the spring of 2005, and their spatial
distribution does not reflect tree species. Therefore, the frequency of host trees reflects the
frequency of these trees in the stand.

Spiders were collected from the nesting boxes by individual sampling using a hand
aspirator. Some boxes were emptied and the nest material was heat extracted (see below).
Spiders were usually identified to the species level [34]; however, some juveniles were
only identified to the genus level. The majority of nonadult specimens of Clubiona were
subadults and were bred to adults confirming their identity as C. pallidula. We used the
nomenclature according to the World Spider Catalog Version 21.5 [35]. The spiders were
classified into hunting strategy guilds based on Cardoso et al. [36]. All material is deposited
in the first author’s collection.

Our research aims were split into three groups:

(1) The effect of tree species and bunging nesting boxes on spider abundance

In this part of the study, we used 50 wooden nesting boxes sampled in Novem-
ber/December of 2015, 2016, and 2017. The nesting boxes were on 28 lindens, 16 oaks,
3 ashes, and 3 alders. Half of them were closed to birds by a bung before the start of the
bird nesting season (providing vertebrate predatory exclusion for spiders). The spiders
were collected once a year at the turn of November/December from the same trees each
year.

(2) The effect of temperature on nesting box resettlement by spiders

For the second part of our study, the same 50 wooden nesting boxes were sampled in
two-week intervals from January—March 2016. Temperature was measured by a datalogger
(EasyLog-USB) inside and outside of three of the nesting boxes.



Insects 2021, 12, 465

30f11

(3) The effect of the presence of nest material on spider abundance

For this part of the study, we sampled 126 nesting boxes at the end of November 2017.
The nesting boxes were on 66 lindens, 28 oaks, 21 ashes, and 11 other trees (birch, elm, and
alder). Nest material from 39 nests (35 nests of Parus major Linnaeus, 1758; 2 Parus caeruleus
Linnaeus, 1758; and 2 Ficedula albicollis (Temminck, 1815)) consisted of dry grass, moss, and
mammal hair. This material was heat-extracted in Tullgren extractors in the laboratory.

For the statistical analyses, canonical correspondence models were developed in
Canoco [37]. The abundances of individual species were analysed as species-dependent
variables, whereas the independent environmental variables were year, tree species, tem-
peratures (minimal, mean, and maximal, measured inside and outside the boxes), the
presence of nest material, and bung. In a preliminary analysis, the length of the gradient in
species variables was calculated (gradient 4.5 SD units long), and the unimodal Canonical
Correspondence Analysis was subsequently chosen. There were no rare species (1-2 speci-
mens) collected requiring exclusion from the analysis. Species data were log transformed
as skewed by zero counts by the formula Y’ =Y + 1. First, we performed a global test of
significance for the explanatory variables (i.e., tree species, season, bung, nest material)
to avoid Type I errors resulting from multiple comparisons. We then performed forward
selection to investigate the significance of particular variables and their conditional term
effect. Significance was tested by Monte Carlo permutation test (499 repetitions).

Changes in the abundance of spiders that were dependent on ambient temperatures
were assessed using generalized additive models. From all tested temperatures, the outside
maximum temperature was chosen as it had the highest conditional effect (pseudo-F = 17.7,
explaining 6.1% of the variability) in the CCA model. Changes in the abundance of
individual species reflecting this temperature were analysed in GAM using Poisson’s
distribution and 2.0 df temperature term smoothness.

The influence of the nest material and a bunged entrance on spider abundance were
tested by Welsch two sample t-test in R version 3.6.3 [38].

3. Results
3.1. Assemblages of Spiders in Nesting Boxes

Altogether, 3511 specimens of spiders belonging to 16 identified species (11 families)
were obtained from 92% of the nesting boxes (Table S1 in Supplementary Materials). Some
specimens were identified to the genus level (Table 1). Almost all spiders were arboreal
specialists and facultative dwellers on trees. The most abundant species were as follows:
Clubiona pallidula (47% of all collected specimens), Anyphaena accentuata (24%), Steatoda
bipunctata (13%), and Platnickina tincta (5%). The majority of species were common forest
arboreal species, only Pseudicius encarpatus was rare; none of the species were listed on the
Red List of Czech Spiders [39].

Four species were space web hunters or orb web hunters, and three were sheet web
hunters, but the most abundant guilds were non-web hunters (9 species), with one ambush
hunter, two ground hunters, and seven other hunters (Table 1).

3.2. Effect of Tree Species and Bunging Nesting Boxes

The spider assemblages differed significantly between the studied years (CCA: from
2015 t0 2017: F = 2.6, p = 0.002; and 2016 to 2017: F = 3.2, p = 0.006, respectively; Figure 1).
The tree species studied revealed no significant effect on the abundance of overwintering
spiders in nesting boxes (CCA: linden: F = 0.8, p = 0.666; oak: F = 1.00, p = 0.408; ash:
F =0.30, p = 0.97). Nesting boxes without a bung hosted significantly more spiders than
the bunged boxes (CCA: F = 2, p = 0.026; Figure 2).
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Table 1. Species list of spiders overwintering in nesting boxes and their numbers. Hand collected = number of spiders hand

collected in 2015-2017, heat extracted = number of spiders heat-extracted from nest material from 39 nesting boxes in 2017.

Species/Families Ecological Niche Hunter Guild Hand Collected Heat Extracted
Agelenidae
Tegenaria silvestris L. Koch, 1872 ground, trunk base sheet web 3 0
Anyphaenidae
Anyphaena accentuata (Walckenaer, 1802) branches, bark other hunters 851 67
Araneidae
Mangora acalypha (Walckenaer, 1802) herbs, branches orb web 1 0
Nuctenea umbratica (Clerck, 1757) bark orb web 14 0
Zilla diodia (Walckenaer, 1802) branches orb web 1 0
Clubionidae
Clubiona brevipes Blackwall, 1841 branches other hunters 84 31
Clubiona pallidula (Clerck, 1757) bark other hunters 1635 574
Gnaphosidae
Micaria subopaca Westring, 1861 bark ground hunters 4 2
Scotophaeus sp. hollows ground hunters 112 9
Linyphiidae
Lepthyphantes minutus (Blackwall, 1833) bark sheet web 6 1
Neriene montana (Clerck, 1757) hollows, branches sheet web 28 2
Philodromidae
Philodromus dispar Walckenaer, 1826 branches other hunters 1 0
Philodromus sp. branches other hunters 105 25
Salticidae
Pseudicius encarpatus (Walckenaer, 1802) bark other hunters 2 0
Salticus zebraneus (C. L. Koch, 1837) bark other hunters 20 9
Theridiidae
Dipoena sp. bark space web 2 0
Platnickina tincta (Walckenaer, 1802) branches space web 162 42
Steatoda bipunctata (Linnaeus, 1758) hollow space web 449 51
Theridion sp. bark, branches space web 14 3
Thomisidae
Diaea dorsata (Fabricius, 1777) branches ambush hunters 12 3
Tetragnathidae
Tetragnatha sp. branches orb web 5 0
o. 4
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Figure 1. Spider species in relation to the sampling year, tree species, and bunging of nesting
boxes during three years (AnyAcc—Anyphaena accentuata, CluPal-Clubiona pallidula, CluBre-Clubiona
brevipes, DiaDor-Diaea dorsata, LepMin—Lepthyphantes minutus, NerMon-Neriene montana, NucUmb—
Nuctenea umbratica, Phisp—Philodromus sp., PlaTin—Platnickina tincta, SalZeb-Salticus zebraneus, Scosp—
Scotophaeus sp., SteBip—Steatoda bipunctata). CCA biplot is statistically significant (pseudo-F = 1.6,
p = 0.012), and explanatory variables account for 7.0% of the variability.
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Figure 2. Comparison of the number of spider specimens per box and inspection (abundance = indi-
viduals) in bunged nesting boxes and boxes without a bung (sampled once in winter of 2015, 2016,
and 2017), bold lines in the box plot are the median and the lines are 95% CI, the dots are outliers.

3.3. Effect of Temperature on the Nesting Box Resettlement by Spiders

The temperature inside and outside of the nesting boxes did not difer significantly.
Temperature had a significant effect on seven species active during winter (GAM: A.
accentuata, F = 42, p < 0.001; C. pallidula, F = 31.4, p < 0.001; C. brevipes, F = 8, p < 0.001; P.
tincta, F =16.1, p < 0.001; S. bipunctata, F = 7.3, p < 0.001; Scotophaeus sp., F = 3.9, p = 0.021;
Tetragnatha sp., F = 3.1, p = 0.046). The strongest positive effect on the resettlement of the
inspected boxes by spiders had the maximum temperature outside the boxes (CCA: t-max
outside: F = 17.70, p = 0.002; t-max inside: F = 7.10, p = 0.002; t-mean outside: F = 4.20,
p = 0.002; t-mean inside: F = 3.80, p = 0.002; t-min outside: F = 3.60, p = 0.002; t-min inside:
F =2.50, p = 0.006). There were two dominant species with opposite patterns: C. pallidula
was abundant in nesting boxes at lower maximal temperatures (Figure 3), whereas A.
accentuata was significantly more abundant in boxes following higher outside maximal
temperatures (Pearson’s R = 0.72; Figure 3).
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Figure 3. Abundance of Anyphaena accentuata and Clubiona pallidula per box during winter and the
maximum and minimum temperature outside the boxes measured 14 days prior to spider collection
in 2016.
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3.4. Effect of Presence of Nest Material on Spider Abundances

In 2017, material was collected from 126 nesting boxes, of which 39 boxes contained
nest material (grass, moss, hair). The majority of the nests were built by the great tit (Parus
major). A total of ten spider species were heat-extracted from the nesting material in the
laboratory (Table 1). The most common species were C. brevipes (37% of the specimens
collected), C. pallidula (35%), and P. tincta (26%). Other invertebrates extracted included
mites, fleas, earwigs, and the larvae of Diptera and Lepidoptera. Nest material significantly
supported the higher abundance of spiders in the nesting boxes (Welch two sample t-test,
F = 8.80, p = 0.002, Figure 4). Three spider species heat-extracted from the nest material
had a significantly higher abundance than those found in the boxes without nest material
(Welch two sample t-test: C. pallidula: T = 4.14, df = 53.309, p < 0.001; C. brevipes: T = 2.80,
df = 42.611, p = 0.008; P. tincta: T = 3.17, df = 41.880, p = 0.003). On the other hand, A.
accentuata and S. bipunctata were more abundant in the empty nesting boxes (Welch two
sample t-test: A. accentuata: T = —2.65, df = 123.970, p = 0.009; S. bipunctata: T = —2.61,
df =121.380, p = 0.010, Figure 5).

Figure 4. Comparison of the number of spider specimens per box and inspection (abundance = indi-
viduals) in nesting boxes with and without nest material), bold lines in the boxplot are the median
and the lines are 95% CI, the dots are outliers.

Figure 5. Number of spider specimens per box and inspection (abundance) of dominant spider
species in nesting boxes with nest material (grey) and without nest material (white), the bold lines in
the boxplot are the median and the lines are 95% CI, the dots are outliers.
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4. Discussion

We analysed the assemblages of spiders overwintering in nesting boxes, as well as
several environmental factors affecting their abundance in nesting boxes in a lowland
forest. As we know, spiders are common invertebrates in nesting boxes in different habitats
not only in winter, but also during the whole year [33,40,41]. The abundance of spiders in
nesting boxes are higher per nest than for other bird nest habitats, e.g., in burrow nests [18]
or free nests [42]. Comparing to our results, more species of spiders were collected from
bird nests in a similar study in Slovakia. However, in that study, the spiders were collected
from spring to autumn (October) [19]. The highest abundance of spiders in nesting boxes
was in late autumn, because spiders migrate to boxes for overwintering. During the spring
and summer, spiders are preyed on by nesting birds [19], whereas the predatory impact by
birds in autumn and winter is only low. Spiders were missing in nesting boxes where birds
roosted. Few such boxes were recognisable by the presence of droppings.

Almost all species obtained from nesting boxes are common arboricolous species [3],
typical for the local lowland forests of Central Europe [6]. Only Tegenaria silvestris is not
a typical tree inhabitant, as it generally lives on the ground and only occasionally in the
lower part of tree trunks [43]. Mangora acalypha is better known as an herb dweller [35].
The majority of species were bark and trunk dwellers, fewer were branch dwellers, and
some were typical hollow specialists [9]. The species spectrum was similar to that found
by Cernecka et al. [19], with A. accentuata and Clubiona species being most dominant [3,35].
A relatively low abundance of Philodromus spp. in the nesting boxes was surprising,
as this species is a common inhabitant of trees and nesting boxes [19] and overwinters
under bark and in hollows [22]. Some other abundant species from nesting boxes in
Slovakia [19], such as Amaurobius fenestralis (Strom, 1768) and Segestria senoculata (Linnaeus,
1758), generally live in coniferous forests [3,44], and were absent in our study, which
focused on deciduous forests.

The most abundant hunter gild was other hunters, due to the dominant species
C. pallidula and A. accentuata. A similar guild spectrum was found in nesting boxes in
Slovakia [19]. Spiders in nesting boxes and on trees are most numerous in autumn [19,22]
because of the need to find shelters in which to overwinter, often in hollows or spaces under
the bark [6]. Some species overwinter in nesting boxes in the remains of the nest material
or on the inner sides of nesting boxes in silk shelters (Clubiona), whereas some other species
build webs in the spaces inside nesting boxes (S. bipunctata) or stay active and do not
make web shelters (A. accentuata) (Figure Al in Appendix A). Species classified as orb web
builders do not build webs in nesting boxes and use nesting boxes only as shelter. Steatoda
bipunctata, which is classified as a space web hunter, is a typical tree hollow dweller [9]
that dwells in its web in nesting boxes probably for the whole year, as in tree hollows. On
the other hand, another space web builder, P. tincta, lives on leaves in branches during the
vegetation season and migrates to nesting boxes or tree hollows only for overwintering
(we only found inactive specimens without webs on the inner walls of boxes or in the nest
material). The most abundant species in nesting boxes, C. pallidula, overwintered inactive
in silk sacs under the bark or in tree hollows [20,45,46].

In the U.S.A., McComb and Noble [40] reported arachnids in only 6.7% of nesting
boxes, with the lowest abundances found in winter, whereas in our study, spiders were
found in almost all (92%) of the nesting boxes. Closing nesting boxes with a bung had a
significantly negative effect on the spider abundance in the boxes [19]. Spiders probably
use artificial entrances to preferably colonize boxes, but small and flat species can use
fissures under the roof or between the wooden walls for entering. During autumn or
winter, predatory pressure on invertebrates in nesting boxes is probably not as high as
in the spring and summer. Nevertheless, some species of birds (e.g., present Parus major)
roost in nesting boxes during winter nights [47].

We did not find a significant difference between the studied tree species, in accordance
with Cernecka et al. [19]. This effect was expected in our study because the studied tree
species did not recognizably differ in bark structure and habitat. Some spider species
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can prefer a specific tree and, consequently, abundances of different tree species can be
significantly different [48], but such differences between broadleaf and coniferous trees
may be more apparent [23].

Temperature had a significant effect on the probability of the resettlement of inspected
and emptied nesting boxes by A. accentuata, which was the most active species during
winter [26,49]. This species and some species of Philodromus are winter-active predators
and prey even at temperatures close to 0 °C [48]. Other dominant species resettled emptied
boxes only sporadically, and not during cold days. Anyphaena accentuata was the only
spider able to regularly resettle emptied boxes without nest material during winter.

The nest material had a significant positive effect on the abundance of spiders. For
example, Salticus zebraneus was found only in boxes with nest material. Nest material is
both a shelter and a source of prey for spiders [27]. Spiders, especially juvenile P. tincta and
Clubiona species (C. pallidula and C. brevipes), were overwintering in nest material. Juveniles
of Clubiona were also found to be numerous in nest material in other studies [14,44].
Clubiona overwinters in silk sacs on the sides of nesting boxes and also among the nest
material. Nest material is also used as shelter by A. accentuata; this species is known as an
active winter predator [50], preying on invertebrates in the nest material. Only juvenile
inactive specimens of S. bipunctata were found in the nest material, whereas adults built
webs in the nesting boxes.

Nesting boxes are an artificial habitat and, during winter, offer shelter for a diverse
spectrum of tree-dwelling spiders. We found about half of the arboreal spider species
that are recorded in this region [6], and almost all that are known to overwinter on trees.
By hanging nesting boxes on trees, ornithologists support not only hollow nesting birds
and small mammals, but also overwintering spiders; the birds during the nesting season,
and the spiders during winter. Both birds and spiders are important agents for protecting
forests against pest insects.

5. Conclusions

During winter, nesting boxes offer shelter for a diverse spectrum of tree-dwelling
spiders. We found about half of the arboreal tree species recorded in this region. The
dominant overwintering species are Clubiona pallidula, Anyphaena accentuata, Platnickina
tincta, and Steatoda bipunctata. The study revealed that tree species had no significant effect
on the abundance of overwintering spiders in nesting boxes. The open nesting boxes
with nest material significantly supported a higher abundance of spiders inside the boxes.
Temperature had a significant effect on the probability for resettlement of the nesting box
by A. accentuata, which was the most active species during the winter. We recommend
that ornithologists leave nest material in the nesting boxes for the winter months without
sealing them (the cleaning of nest boxes is better in early spring), thus helping spider
species on the trees during the wintering season.
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Appendix A

Figure A1. Open nesting box with overwintering spiders (silk sacs at the bottom—Clubiona pallidula;
web remains—Steatoda bipunctata; Anyphaena accentuata and Nuctenea umbratica on the top).
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Abstract

Nesting of the Great cormorants strongly influences terrestrial ecosystems by physical
destruction of vegetation and chemical changes in soil in around nesting colonies. We investigated
spider, harvestmen and centipede assemblages in different influenced plots (starting colony, active
dense colony, and partly abandoned colony) in the biggest Lithuanian cormorant colony in pine woods
on shore of the Baltic Sea in the Curonian spit National park in Lithuania. Selected groups of epigeic
arthropod predators were collected by pitfall traps in 2012-2014. We recorded total of 4299 spider
specimen (102 species), 451 harvestmen specimen (9 species) and 1537 centipede specimen (7
species). Coverage of moss and herb vegetation, mean Ellenberg value for light, bare ground without
vegetation and number of nests significantly influenced abundance, species richness and functional
groups of arthropod predators. Active ground hunters represented by spider Trochosa terricola and
centipede Lithobius forficatus were positively influenced by bare ground without vegetation and
higher density of nests, while negative influenced by increasing coverage of moss and herbs. Opposite
effect was found to web builder spiders and less movable species represented by dominant spider
species Diplostyla concolor and harvestmen Nemastoma lugubre and Oligolophus tridens. The results
show how cormorant influence to forest vegetation structure affected abundance and species diversity

of selected arthropod predators.

Keywords: Araneae, Chilopoda, Opiliones, Phalacrocorax carbo, Curonian spit, nesting

colony, Lithuania

Introduction

The Great cormorant (Phalacrocorax carbo) is a common avian fish predator with global
distribution, especially on the Northern hemisphere (Hovyo et al. 1992). Population of the great
cormorants are recently rising in all Europe (VAN EERDEN et al. 2012, HERRMANN et al. 2018).
Cormorants roost and breed in numerous colonies in peaceful localities close to lakes and river areas

or on a sea coast (KLIMASZYK & RzyMsKI 2016). Nests are built usually on top of trees, up to 50



nests may be on one tree (EERDEN et al. 2012). Nesting colonies are often reused several years, but
sometimes are nesting trees changed after season (BzoMA 2011, EARDEN et al. 2012). Some colonies
may have thousands nesting individuals. Cormorants have one of the greatest bird impacts to coast
terrestrial ecosystems (KLIMASZYK et al. 2015).

Cormorants strongly influence ecosystems in and around nesting colony (KLIMASZYK &
Rzymski 2016). One cormorant produce about 50g of faeces per day (KLIMASZYK & RzYMsKI 2016)
and over 80% of them are deposited beneath their roosts and nests (Goc et al. 2005). Droppings
increase amount of nitrogen, phosphorus and other nutrients in soil (BRITTO & KRONZUCKER 2002,
KLIMASZYK et al. 2015). These processes increase acidity and humidity of soil and have impact on
vegetation (CRAIG et al. 2012). Cormorants affect ecosystems, especially herb, shrub and tree
vegetation growing in the colony. Trees and herb vegetation in dense and numerous colonies are dead
or significantly recede (BOUTIN et al. 2011), only nitrophilic species profit from it, e.g. Sambucus
nigra L., Urtica dioica L. or some grasses (Goc et al. 2005). The abundance and diversity of
herbivorous insects in dense colonies also decrease, while other arthropod groups may be more
abundant (KoLB et al., 2012). Dead trees change light conditions and dismiss more light to
undergrowth. Many droppings, remains from fishes and dead bodies of cormorant chicks in the
breeding colonies attract carrion and dung feeding invertebrates and their predators (Goc et al. 2005,
CRAIG et al. 2012, YAHYRO et al. 2013, IVINSKIS & RIMSAITE 2013). Different parts in the cormorant
colony vary in physical conditions and herb coverage (MATULEVICIUTE et al. 2018) as well as in
biodiversity and communities of small mammals (BALCIAUSKAS et al. 2014, 2018) and some groups
of arthropods (CRAIG et al. 2012, KoLB et al., 2012). There is also negative effect to litter
decomposition (OSONO et al. 2006).

One of the biggest colonies of great cormorants and grey herons in Lithuania is in the Curonian
spit National park near Juodkranté (ZYDELIS et al. 2002). In this colony, the first cormorant nests
appeared in 1989 (ZYDELIS et al. 2002), during our study breed lower thousands nesting cormorants in

the colony.

Despite beetles, main groups of ground dwelling predatory arthropods are spiders (Araneae),
harvestmen (Opiliones) and centipedes (Chilopoda). Spiders and harvestmen are understudied taxa in
Lithuania as till now only 462 species are known (BITENIEKYTE & RELIS 2011, MACHAC et al. 2017).
In the Curonian spit National Park, 228 species of spiders and 10 of harvestmen was found (Machac et

al. in prep.). Beside this, 20 species of centipedes were reported from Lithuania (TUF et al. 2015).

Assemblages of arachnids are strongly influenced by vegetation structure (LAFAGE et al. 2019)
and their changes in succession (e. g. DUFFY 1978, HURD et al. 1992, UETz 1979) and light conditions
via tree canopy openness (e. g. KOSULIC et al. 2016). Open young forest and clearings are inhabited by

cursorial and other non web building spiders, whilst old forests are inhabited by web builders (HURD



et al. 1992, AVILA et al. 2017). Similarly ground dwelling arachnids intensively react to such
microhabitat conditions as light, moisture, temperature, vegetation structure, and litter, whilst
landscape features are less important (UETZ 1979, WISE et al. 1993, ENTLING et al. 2007, PURCHART
et al. 2013, MIHAL & CERNECKA 2017). Spiders have evolved many predatory strategies resulting in
many different functional roles enabling the precise evaluation of functional diversity of its
communities (CARDOSO et al. 2016).

In this study we investigated how changes in vegetation (coverage, Ellenberg’s indicator values
for light, moisture and nutrients), presence of bare soil and cormorant nest density influenced
assemblages of spiders, harvestmen and centipedes in the cormorant colony in the Curonian spit
National Park in Lithuania.

Methods
Study sites and sampling

The study was performed in one of the biggest colonies of great cormorants (Phalacrocorax
carbo) and grey herons (Ardea cinerea) on shore of the Baltic sea. This colony is situated in a pine
forest in the Curonian spit National Park in Lithuania near Juodkranté (centre of colony:
49°30°36.37°‘N, 17°18°1.31‘“E). Sampling sites represented pine forest with herb and shrub
undergrowth with different degree of influence by bird nesting activities, during investigation
cormorants occupied about 3100 nests and colony covered area of 6.82 ha (ZYDELIS et al. 2002). The
climate is intermediate between marine and continental, the mean annual precipitation is about 700
mm and the mean annual temperatures range from 17.8 °C in August to —1.7 °C in January and

February (BUKANTIS 2013).

Study was performed in 2012-2014 in the cormorant colony and neighbourhood forest. Colony
was in upper part of dune ridge to dune hollow. Upper parts were occupied by 110 year-old pine forest
and slope terraces about 230 year-old forest. We chose four plots with different influence of

cormorants:

Plot A (starting colony) — new colony with increasing number of nests. The predominant tree
species in this area was Scots pine (Pinus sylvestris L.), with an average age of 119 years.
Undergrowth was drying and sparse. In shrub layer was dominant rowan (Sorbus aucuparia L.) and

common juniper (Juniperus communis L.). Trees were alive, but their vitality decreased.

Plot B (active colony) — epicentre of colony with the highest density of nests on trees. Forest
was strongly influenced by cormorants. Pine trees were dead or dying, still with bark. Undergrowth

was sparse and open to sunlight, huge spots of bare ground without vegetation were present.



Nitrophilic species of plants dominated in the herb and shrubs layer with coverage less than 10%

(ADAMONYTE et al. 2013). Dominant species in shrub layer was elderberry (Sambucus racemosus L.).

Plot C (abandoned colony) — old part of the colony, partly abandoned, nest trees were almost
absent. Dead trees were standing or fallen, mostly without the bark. VVegetation was partly recovering
with shrubs, herbal and moss layers. Nitrophilic plants were partly replaced by mesoeutrophic ruderal
herbs and shrubs as S. nigra. Pines were replaced by young Norway spruce (Picea abies L.), English
oak (Quercus robur L.) and birch (Betula pubescens Ehrh.) (ADAMONYTE et al. 2013).

Plot D (control plot) — natural old-growth mixed pine forest with admixture birch (Betula
humilis Schrank), maples (Acer platanoides L.), linden (Tilia cordata Mill.) and with shrubs as bird
cherry (Prunus padus L.), currant (Ribes alpinum L.), raspberry (Rubus idaeus L.) and herb layer with

common nettle (U. dioica) and impatiens (Impatiens sp.).

Structure of vegetation coverage and vegetation changes on study plots was taken from
MATULEVICIOTE et al. (2018), who analysed data of coverage of trees, shrubs, herb and moss
vegetation from three squares (100 m?) in each sampling plot. Abiotic variables were derived from
plant communities using by Ellenberg'’s indicator values for humidity, nutrients, temperature, soil
reaction, plant species and light for vascular plants (ELLENBERG et al. 2001). These values were used
for assessment of plant responses derived from the phytosociological relevés, using van der Maarel’s
indices instead of the abundance—dominance coefficient to minimise the weight of dominant species.
We also studied effect of number of nests, plant species richness and bare ground spots without

vegetation to assemblages of predators.

Spiders, harvestmen and centipedes were collected by pitfall traps (five traps in each plot)
inspected in two-week intervals from May to November of 2012, 2013, and 2014 respectively.
Spiders, harvestmen, and centipedes were identified to species level (NENTWIG et al. 2021, SILHAVY
1971, KACZMAREK 1979, UDDSTROM & RINNE 2016), some juveniles to genus or family level only.
The actual nomenclature follows the World Spider Catalog Version 21.5 (2021), World Catalogue of
Opiliones (2021), and ChiloBase 2.0 (Bonato et al., 2016) respectively. All material is deposited in

author’s collections. Hunting strategies guild of spiders follows CARDOSO et al. (2011).
Statistical analyses

The data set consisted of 133 samples and for each of them the total activity-density and species
richness of invertebrates were calculated, including the activity-density of individual species (response
variables). Environmental factors (explanatory variables) were data of coverage (density of tree, shrub
and herbal layers, bare ground), Ellenberg’s indicator values (Shannon-Wiener index, light,
temperature, humidity, soil reactions, nutritions, plant species) and numbers of cormorant nests. The
analyses were performed with R (R Development Core team 2015) and Canoco 5 (ter BRAAK et

SMILAUER 2012). In the R program, the effect of explanatory variables on activity-density and species



richness was analyzed using generalized linear models (GLM). Due to over-dispersion in the data
(variance was higher than mean), a negative binomial distribution was used, and the model was fitted
with a log link (CRAWLEY 2007). In the Canoco 5 program, we used a constrained ordination method
for data analysis, followed by canonical correspondence analysis (CCA), which was recommended
based on data distribution. A log transformation was used for the response variables (species) and
unrestricted permutations with 499 permutations were set. In several modifications, we evaluated the
relationship between explanatory and response variables. In the first variant, all explanatory variables
entered the model and their simple and conditional effect (Summarize effects of explanatory variables)
on individual species was determined. In the second variant, we tested in the same way only the
explanatory variables, which proved to be significant in the GLM analysis. Subsequently, we limited
this analysis only to species whose total activity-density was higher than 20 individuals (for clarity of
graphic outputs). In addition, for species with activity-density greater than 20, their response curves to
selected explanatory variables were processed. Only coverage variables were included among them,
due to their potentially direct effect on invertebrates. Generalized additive models (GAM) were used
for the analysis, which enabled a more detailed fitting of the response of individual species. In the
model options, a Poisson distribution with quasi distribution approach was chosen, due to over-

dispersion in the response variable.

Results
Assemblages of epigeic predators

We collected 4299 specimens of spiders, representing 102 identified species from 18 families,
451 specimens of harvestmen, representing 9 identified species from 3 families and 1501 specimens of
centipedes representing 7 identified species from 4 families. Some specimens of spiders were
identified only to genus or family level (tab. 1). Of these, 36 species were classified as preferring
forest habitats, 34 preferring open habitats and 48 were eurytopic species (tab. 1). The most diverse
families for spiders, harvestmen, and centipedes were Linyphiidae (39 species), Phalangiidae (6), and
Lithobiidae (5) respectively. The most frequent spider species were Trochosa tericola (39% from all
spider material), Diplostyla concolor (14%) and Pachygnatha listeri (5%), harvestmen Phalangium
opilio (40%) and Nemastoma lugubre (23%) and centipede Lithobius forficatus (86%). On the plot A
(starting colony), the highest number of spiders and lowest number of centipedes was collected, on the
plot B (active colony) the highest number of harvestmen as well as centipedes was collected, whilst on
the ploc C (abandoned colony) the lowest number of spiders and centipedes were trapped. The number

of species was similar on all the plots.

Significant effect to abundance and species diversity of spiders, harvestmen and centipedes

were factors bare ground, nest density, Ellenberg’s indicator values for light, herb layer coverage and



number of plant species (tab. 2). Abundance of epigeic predators increased with nest density, bare soil
and Ellenberg's indicator values for light and decreased with herb and moss coverage (fig. 1). Species
diversity increased with nest density, bare soil and decreased with Ellenberg’s indicator values for
light, herb and moss coverage (fig. 1). Tree and shrub layer coverage were not significant effect to
species diversity and abundances of epigeic predators, as well as Ellenberg'’s indicator values for
humidity, soil reactions, nutritions, plant species.

Nest density, bare ground, Ellenberg's indicator values for light, herb layer cover and number of
plant species affected functional diversity of ground dwelling predators (habitat preferences, stratum
and hunter guilds) (fig. 2). Species preferring open habitats and eurytopic species were dominated on
lighter plots with bare ground and high nest density. No clear affinity of and group of predators was

evident for guild according to preferred stratum or hunting strategy (fig. 2).

Nest density, number of plant species, herbal layer and bare ground cover had significant effect
to activity-density of some species of ground dwelling predatory arthropods. Tree and shrub layer
coverage did not significantly influenced activity-density of model taxa. Activity-density of 17 species
was significantly affected by presence of bare ground and herb layer coverage (fig. 3, tab.2), and

activity of 18 species was affected by nest density and number of plant species (fig. 3, tab. 2).

Discussion

We analysed, how vegetation structure affected by cormorants’ colony influenced activity-
density and species richness of spiders, harvestmen and centipedes in the Curonian spit National Park
in Lithuania. We obtained total of 102 identified species of spiders in all plots in cormorant colony,
that is about half of known spider species in the Curonian spit (MACHAC et al. in prep) and about
quarter know species in Lithuania (BITENIEKYTE & RELIS 2011). Only one third species of them were
typical forest species, remaining species were open habitat dwellers or eurytopic species without
habitat preference (NENTWIG et al. 2021). Obtained harvestmen are classified as forest species, only
Phalangium opilio and Rilaena triangularis are open habitat dwellers (SPUNGIS 2018). Relatively high
proportion of non-forest species may was caused by vegetation changes in dying forest, inasmuch as
create habitat mosaic with different plant coverage from bare ground without vegetation to dense
coverage patches of nitrophilous species (KLIMASZYK & RzYMSKI 2016, MATULEVICIUTE et al.
2018). Similar effect to ecosystems have grey heron colonies (ZOLKOS & MEISSNER 2008), which
breed also in the studied cormorant colony. The common European forest spiders (NENTWIG et al.
2021) were dominant species with highest activity-density, as well as open habitats dweller
harvestmen P. opilio and forest species Nemastoma lugubre (SPUNGIs 2018) and eurytopic centipedes
Lithobius forficatus (TUF et al. 2015).



Bare ground, Ellenberg's indicator values for light, and density of cormorant nests significantly
positively influenced activity-density of ground dwelling predatory arthropods in colony. In the plots
with high dense of nests were higher density of bare ground, and more light patches without
vegetation or only sparse vegetation with many prey remains (mussels, fish scales) and faeces
(MATULEVICIOTE et al. 2018). Such patches attract predators, scavengers and coprophagous species
(CRrRAIG et al. 2012). Higher abundances of predators in dense bird colonies explain PoLIS & HURT
(1995) by extraordinarily abundance if its prey — scavengers and parasites. On the other hand, higher
abundances of web-build spiders and lycosid spiders in cormorant colonies in Sweden were typical in
abandoned colonies, than active ones (KoLB et al., 2012). Similarly in our study, higher abundance of
spiders was in the starting colony, then active one.

Surprisingly tree and shrub coverage have not significant effect to abundance and species
structure of predators, although tree coverage and canopy openness is known have impact to spider
densities (KOSULIC et al. 2016, UETZ 1979). On the other site, herb layer coverage as well as plant
diversity had negative effect to abundance and species richness of predators. CRAIG et al. (2012)
shows, on such sites herbivore arthropods are more abundant and diverse than in active bird colonies.

Effect of some factors (Ellenberg’s indicator value for light, nests, bare ground, herbal layer, and
plant species) to functional species diversity guilds was significant, but no distinct effect to species
according to their biology was evident. The effect of Ellenberg’s indicator value for light on
abundance of predators was reported by LAFAGE et. al. (2019) in oligotrophic habitats in France.
Structure of vegetation and microhabitat mosaic rather than age of habitat has repeatedly been shown

to determine species richness of spiders (e. g. HURD & FAGAN 1992).

Some environmental factors showed significant effect to activity-density of some aredatory
species. Bare ground patches were attractive for T. terricola, L. forficatus, and P. listeri. All these
species are cursorial hunters actively searching for its prey. Such invertebrate prey is dense on bird

excrements and prey remains (YAHYRO et al. 2013, KoOLB et al., 2012).

Similarly to our results, UETZ (1979) found that abundances of spiders from family Lycosidae
(as Trochosa and Pardosa species) were negatively influenced by increasing litter depth and
vegetation coverage of herbal layer. Changes in vegetation coverage and structural conditions of leaf
litter affect the mobility of individuals of cursorial hunters (UETz 1976). On the other hand, low
mobile predators as sheet web spider Diplostyla concolor or harvestmen Nemastoma lugubre had
opposite response. These species prefer moist dense herbal layer (BUCHAR & RUZICKA 2002, SPUNGIS
2018).

Cormorants had negative impact to forest, but formed mosaic of different habitats (patches with
different succession stages and vegetation structure). For some species and groups of spiders,
harvestmen and centipedes such plots are attractive. This is the first study evaluating effect of

cormorant colony on ground dwelling arthropods including time pattern.
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Tab. 1: Species list of all obtained epigeic groups of predators (Araneae, Opiliones and Chilopoda)
and their functional characteristic on plots (A — starting colony, B — dense active colony, C —
abandoned colony, D — pine forest without cormorants)

Family/species Guilds Habitat | Stratum | A B C

Spiders (ARANEAE)
Agelenidae

Agelena labyrinthica sheet web eury herb 0 1 20
(Clerck, 1757)

Clubionidae

Clubiona lutescens other hunter eury herb 0 1 13
Westring, 1851

Clubiona neglecta other hunter open herb 0 1 0
O. Pickard-Cambridge, 1862

Clubiona pallidula other hunter  forest tree 0 0 0
(Clerck, 1757)

Clubiona reclusa other hunter eury herb 1 0 0
O. Pickard-Cambridge, 1863

Clubiona similis other hunter  open ground 2 0 0
L. Koch, 1867

Clubiona terrestris other hunter  forest ground 0 0 15
Westring, 1851

Clubiona sp. other hunter 1 0 10

Dictynidae

Dictyna uncinata space web  forest tree 0 1 0
Thorell, 1856

Gnaphosidae

Drassyllus praeficus ground open ground 0 4 5
(L. Koch, 1866) hunter
Drassyllus pusillus ground open ground 1 4 7
(C. L. Koch, 1833) hunter
Drassodes sp. ground ground 2 1 5
hunter
Gnaphosa bicolor ground open ground 2 2 2
(Hahn, 1833) hunter
Haplodrassus signifer ground eury ground 1 0 1
(C. L. Koch, 1839) hunter
Micaria pulicaria ground open ground 0 0 2
(Sundevall, 1831) hunter
Zelotes electus ground open ground 0 0 1

(C. L. Koch, 1839) hunter



Zelotes latreillei
(Simon, 1878)
Zelotes longipes
(L. Koch, 1866)

Zelotes subterraneus
(C. L. Koch, 1833)

Zelotes sp.

Hahniidae
Cicurina cicur
(Fabricius, 1793)

Hahnia nava
(Blackwall, 1841)

Hahnia ononidum
Simon, 1875

Linyphiidae
Agyneta rurestris
(C. L. Koch, 1836)

Allomengea vidua
(L. Koch, 1879)
Bathyphantes nigrinus
(Westring, 1851)
Bolyphantes alticeps
(Sundevall, 1833)

Centromerita bicolor
(Blackwall, 1833)

Centromerus serratus
(O. Pickard-Cambridge, 1875)

Centromerus sylvaticus
(Blackwall, 1841)
Ceratinella brevis
(Wider, 1834)
Dicymbium nigrum
(Blackwall, 1834)
Dicymbium tibiale
(Blackwall, 1836)
Diplocephalus latifrons
(O. Pickard-Cambridge, 1863)
Diplostyla concolor
(Wider, 1834)
Erigone atra
Blackwall, 1833
Erigone dentipalpis
(Wider, 1834)
Gongylidium rufipes
(Linnaeus, 1758)

ground
hunter

ground
hunter

ground
hunter

ground
hunter
sheet web
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Hylyphantes graminicola
(Sundevall, 1830)

Hypomma cornutum
(Blackwall, 1833)

Lepthyphantes minutus
(Blackwall, 1833)

Leptothrix hardyi
(Blackwall, 1850)

Linyphia hortensis
Sundevall, 1830

Linyphia triangularis
(Clerck, 1757)

Lophomma punctatum
(Blackwall, 1841)

Macrargus rufus
(Wider, 1834)

Micrargus herbigradus
(Blackwall, 1854)

Neriene clathrata
(Sundevall, 1830)

Neriene montana
(Clerck, 1757)

Oedothorax apicatus
(Blackwall, 1850)

Pocadicnemis pumila
(Blackwall, 1841)

Stemonyphantes lineatus
(Linnaeus, 1758)

Tenuiphantes flavipes
(Blackwall, 1854)

Tenuiphantes tenebricola
(Wider, 1834)

Tiso vagans
(Blackwall, 1834)

Walckenaeria acuminata
Blackwall, 1833

Walckenaeria alticeps
(Denis, 1952)

Walckenaeria atrotibialis

(O. Pickard-Cambridge, 1878)

Walckenaeria cucullata
(C. L. Koch, 1836)

Walckenaeria dysderoides
(Wider, 1834)

Walckenaeria kochi

(O. Pickard-Cambridge, 1873)
Walckenaeria nudipalpis (Westring,

1851)
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Linyphiidae spp.

Liocranidae
Agroeca proxima

(O. Pickard-Cambridge, 1871)

Lycosidae
Alopecosa fabrilis
(Clerck, 1757)

Alopecosa pulverulenta
(Clerck, 1757)

Alopecosa sp.

Pardosa agrestis
(Westring, 1861)

Pardosa lugubris
(Walckenaer, 1802)
Pardosa prativaga
(L. Koch, 1870)
Pardosa riparia
(C. L. Koch, 1833)
Pardosa saltans
Topfer-Hofmann, 2000
Pardosa sp.

Trochosa terricola
Thorell, 1856

Trochosa sp.

Xerolycosa miniata
(C. L. Koch, 1834)

Xerolycosa nemoralis
(Westring, 1861)

Mimetidae
Ero furcata
(Villers, 1789)

Miturgidae
Zora spinimana
(Sundevall, 1833)

Philodromidae
Philodromus aureolus
(Clerck, 1757)

Philodromus cespitum
(Walckenaer, 1802)

sheet web

ground
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Philodromus collinus
C. L. Koch, 1835

Philodromus dispar
Walckenaer, 1826

Philodromus fuscomarginatus
(De Geer, 1778)

Philodromus sp.

Rhysodromus fallax
(Sundevall, 1833)

Phrurolithidae
Phrurolithus festivus
(C. L. Koch, 1835)

Pisauridae
Pisaura mirabilis
(Clerck, 1757)

Salticidae
Attulus saltator
(O. Pickard-Cambridge, 1868)

Euophrys frontalis
(Walckenaer, 1802)

Salticus cingulatus
(Panzer, 1797)

Talavera aequipes
(O. Pickard-Cambridge, 1871)

Segestridae
Segestria senoculata
(Linnaeus, 1758)

Tetragnathidae
Metellina segmentata
(Clerck, 1757)

Pachygnatha clercki
Sundevall, 1823

Pachygnatha degeeri
Sundevall, 1830

Pachygnatha listeri
Sundevall, 1830

Pachygnatha sp.

Tetragnatha montana
Simon, 1874

Tetragnatha pinicola
L. Koch, 1870
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Tetragnatha sp. orb web 3 5 6 2

Theridiidae

Enoplognatha ovata space web  eury herb 2 0 4 2
(Clerck, 1757)

Euryopis flavomaculata space web open ground 4 3 3 0
(C. L. Koch, 1836)

Neottiura bimaculata space web  eury ground 0 0 1 0
(Linnaeus, 1767)

Parasteatoda simulans space web  forest tree 0 1 0 0
(Thorell, 1875)

Robertus lividus space web  forest ground 2 2 2 0
(Blackwall, 1836)

Theridion pinastri space web  forest tree 0 0 1 0
L. Koch, 1872

Theridion varians space web  forest tree 0 0 2 0
Hahn, 1833

Thomisidae

Ozyptila praticola ambush forest ground 39 21 21 39
(C. L. Koch, 1837) hunter

Ozyptila trux ambush eury ground 30 24 O 2
(Blackwall, 1846) hunter

Ozyptila sp. ambush ground 3 3 4 5

hunter

Xysticus luctuosus ambush forest tree 1 0 0 0
(Blackwall, 1836) hunter
Harvestmen (OPILIONES)

Nemastomatidae

Nemastoma lugubre ground forest ground 4 5 33 62
(Miiller, 1776) hunter

Mitostoma chrysomelas ground eury ground 0 0 3 0
(Hermann, 1804) hunter

Phalangiidae

Lacinius dentiger ground forest tree 0 2 0 0
(C. L. Koch, 1848) hunter

Lacinius ephippiatus ground eury ground 0 8 0 8
(C. L. Koch, 1835) hunter

Mitopus morio ground forest ground 0 14 14 17
(Fabricius, 1799) hunter

Oligolophus tridens ground forest ground 14 2 0 35
(C. L. Koch, 1836) hunter

Phalangium opilio ground open herb 50 62 31 36
(Linnaeus, 1761) hunter

Rilaena triangularis ground eury herb 0 0 1 8
(Herbst, 1799) hunter



Sclerosomatidae
Leiobunum rotundum ground eury herb 3 7 32 0
(Latreille, 1798) hunter

Centipedes (CHILOPODA)

Lithobiidae

Lithobius curtipes ground forest endogeic 14 8 3 6
C. L. Koch, 1847 hunter

Lithobius erythrocephalus ground eury ground 18 5 76 2
C. L. Koch, 1847 hunter

Lithobius forficatus ground eury ground 402 482 245 168
Linnaeus, 1758 hunter

Lithobius microps ground eury endogeic 2 3 1 28
Meinert, 1868 hunter

Lithobius tenebrosus ground forest ground 1 0 0 0
Meinert, 1872 hunter

Geophilidae

Pachymerium ferrugineum ground eury endogeic 1 0 0 0
(C. L. Koch, 1835) hunter

Linotaeniidae
Strigamia acuminata ground forest endogeic 14 8 1 3
(Leach, 1815) hunter




Tab. 2: Summary of fitted Generalized Additive Models for species with activity-density greater than

20, their numerical response to coverage variables.

bare ground herbal layer plant species nests

R2 F p R2 F p R2 F p R2 F p
A. labyrinthica 39.1 17.4<0.01 38.3 16.7 <0.01 242 5.2<0.01 21.3 4.1 <0.05
C. serratus 74 14 ns. 179 29<0.10 10.7 16 ns. 221 7.3<0.01
C. sylvaticus 48 11 ns. 51 12 ns. 69 17 ns. 1.0 02 ns.
C. brevis 86 26<0.10 38 09 ns. 144 4.7 <0.05 10.7 3.0<0.10
D. tibiale 142 3.3 0.042 121 3.1<0.10 89 19 ns. 23.2 55<0.01
D. concolor 106 5.7 <0.01 16.8 10.0 <0.01 15.6 8.9<0.01 13.4 7.3<0.01
O. praticola 52 1.8 ns. 47 16 ns. 52 18 ns. 1.4 04 ns.
O. trux 28.3 10.2<0.01 225 7.7<0.01 199 6.0<0.01 204 6.1<0.01
P. degeeri 194 6.0<0.01 174 4.6 <0.05 9.7 20 ns. 19.6 6.0 <0.01
P. listeri 25.8 16.8<0.01 22.7 13.8 <0.01 26.9 16.4 <0.01 20.0 11.5<0.01
P. agrestis 220 59<0.01 21.2 55<0.01 29.6 9.6 <0.01 33.8 14.6 <0.01
P. lugubris 33.0 17.6<0.01 259 115<0.01 265 12.4<0.01 248 11.1<0.01
P. prativaga 1.3 03 ns. 31 07 ns. 85 23 ns. 128 3.0<0.10
P. saltans 10.7 3.4 <0.05 11.2 3.4 <0.05 20.1 9.7<0.01 12.0 4.0 <0.05
Pardosa sp. 120 2.7<0.10 115 25<0.10 226 7.6<0.01 189 5.7 <0.01
T. flavipes 139 5.1<0.01 11.0 3.8<0.05 109 3.6 <0.05 10.6 3.9 <0.05
T. terricola 152 7.9<0.01 119 5.8<0.01 11.2 5.0<0.01 10.7 5.0 <0.01
Trochosa sp. 32 15 ns. 23 1.0 ns. 70 3.4<0.05 47 22 ns.
Z. subteraneus 26.9 15.9<0.01 314 21.2<0.01 35.6 28.4<0.01 42.3 36.1<0.01
Zelotes sp. 174 4.6 <0.05 22,2 6.8<0.01 23.3 7.9<0.01 209 5.8<0.01
L. rotundum 29.4 12.0<0.01 314 13.9<0.01 115 23 ns. 11.3 23 ns.
O. tridens 51 1.1 ns. 209 5.4<0.01 18.8 3.8 <0.05 13.3 3.3 <0.05
M. morio 40 0.7 ns. 3.8 0.7 ns. 23 04 ns. 98 20 ns.
N. lugubre 21.6 11.2<0.01 20.6 11.0<0.01 18.8 9.9<0.01 23.1 13.1<0.01
P. opilio 33 12 ns 39 14 ns 55 21 ns. 30 10 ns.
L. forficatus 29.1 23.2<0.01 29.4 23.8 <0.01 24.3 18.8 <0.01 31.3 26.2<0.01
L. erythrocephalus 11.1 6.8 <0.01 17.1 11.6 <0.01 25.7 20.7 <0.01 24.8 20.0 <0.01
L. microps 147 6.9<0.01 16,6 7.9<0.01 32.1 18.1<0.01 34.4 21.8<0.01
L. curtipes 6.7 2.9<0.10 56 2.4<0.10 1.7 07 ns. 59 2.6<0.10
S. acuminata 40 20 ns. 19 09 ns 55 29<0.10 51 2.6 <0.10




Fig. 1: Significant factors and their effect to abundance and number of species (GLM).



Fig. 2: CCA biplots of predatory arthropod distribution in cormorant colony with significant factors
predicting their activity-density: A) guilds according to habitat preference (green — forest species,
orange — eurytopic species, blue — non forest species); B) guilds according to hunter strategies guilds
(green — sheet web hunters, orange — ambush hunters, brown — ground hunters); C) preferred stratum
guilds (brown — epigeic species, green — herb species, black — endogeic species).



Fig. 3: Effect of significant factors to activity-density of species with significant response (see tab. 2):
left column — dominant species (>50 specimens), right column — subdominant species (20-50
specimens).
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ABSTRAKT

Pavoukovci jsou ekologicky riznorodou skupinou, obyvaji témét
vSechny biotopy a Casto jsou specializovani na specificky biotop nebo
mikrobiotop. Mezi specifické biotopy patii také kmeny a dutiny stromd,
ptaci budky a biotopy ovlivnéné hnizdénim kormordnd. Ve své
dizertacni praci jsem se zabyval ekologii spoleCenstev pavouki a
sekact na téchto specifickych biotopech.

V prvni studii jsme se zabyvali spoleCenstvy pavouki a sekacii na
kmenech stromd na dvou odlisnych biotopech, v luznim lese a v
mestské zeleni. Zabyvali jsme se také jednotlivymi spoleenstvy na
kmenech riznych druht stromi a srovnanim tfi jednoduchych sbérnych
metod — upravené padaci pasti, lepového a kartonového pasu.

Ve druhé studii jsme se zabyvali arachnofaunou dutin starych dubt
za pomoci dvou sbérnych metod (padaci past v dutiné a narazova past
u otvoru dutiny) na stromech v luznim lese a solitérnich stromech na
loukach a také srovnanim spolecenstev v dutindich na zivych a
odumfelych stromech.

Ve treti studii jsme se zabyvali spoleCenstvem pavoukt zimujicich
v ptacich budkach v nizinném luznim lese a vlivem vybranych faktort
prostfedi na jejich po¢etnosti. Zabyvali jsme se také znovuosidlovanim
ptacich budek pavouky v pribéhu zimy v zavislosti na teploté a vlivem
hnizdniho materialu v budce na pocCetnosti a druhové spektrum
pavoukd.

Ve ¢tvrté studii jsme se zabyvali spoleCenstvy bezobratlych
predatorti — pavoukd, sekacii a stonozek na Ctyfech rizn€ ovlivnénych
plochach v kormorani kolonii a vlivem zmén vegetace na jejich
pocetnosti, druhové spektrum a funkéni skupiny.

Tato dizertacni prace piedstavuje nové ekologické poznatky o

arachnofauné dosud malo studovanych biotopti a mikrobiotopi.

Kli¢ova slova: pavouci, sekaci, spolecenstva, dutiny stromtl, kmeny
stromu, pta¢i budky, kormorani kolonie, Araneae, Opiliones



ABSTRACT

Arachnids are most numerous terrestrial predators with huge
ecological diversity, inhabit almost all habitats, many species are
specialized to specific habitat or even a microhabitat. Specific
microhabitats include also tree trunks, tree cavities or habitats affected
by nesting cormorants.

In the first part, we studied assemblages of spiders and
harvestmen on tree trunks in two different habitats - floodplain forest
and trees in the urban habitats and compare three sampling methods -
modified pitfall traps, stick and cardboard tapes. We study differences
of assemblages on different tree species.

In the second part, we studied spiders and pseudoscorpions
assemblages in the tree hollows in old oaks by used two methods (pitfall
trap into the tree hollow and window trap near the hollow entrance) with
comparison of trees in the forest and solitaires on the meadows and
between live and dead trees.

In the third study, we studied assemblages of overwintering
spiders in nesting boxes in the lowland floodplain forest and the
influence of selected environmental factors on their abundances. We
also studied how temperature influenced re-settlement of spiders in
nesting boxes during the winter and spider assemblages in the nest
material in nesting boxes. In the fourth part, we studied assemblages of
invertebrate predators - spiders, harvestmen and centipedes in four
differently affected plots in the cormorant colony and studied the effect
of vegetation changes and nest density on their abundance and species
diversity.

Overall, the thesis shows new ecological knowledge about
assemblages of arachnids in rare studied specific microhabitats and
habitats.

Key words: spiders, harvestmen, assemblages, tree hollows, tree
trunks, cormorant colony, Araneae, Opiliones
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Ondfej Macha¢: Ekologie pavouki a sekact na specifickych biotopech v lesich

UvVOoD
Biodiverzita a ekologie pavoukii a sekaci

Pavoukovci (Arachnida) jsou po hmyzu (Insecta) druhovée
aktualngd témét 50 000 druhtt (WSC 2021). Z Ceské republiky je dolozen
vyskyt 881 druhti pavouki (CAS 2021) a kazdym rokem poet druhii
roste (REZAC et al. 2021). Seka¢i (Opiliones) jsou ve srovnani s pavouky
druhové vyrazné méné pocetnou skupinou pavoukovct, celosvétove je
znamo okolo 7000 druhti (KURY et al. 2021), v CR bylo zaznamenano
pouhych 37 druhti (CAS 2021). Oba tyto fady maji ve vétsing ekosystémil
velky vyznam, protoZe jako pocetni predatofi s riznymi strategiemi lovu
(CARDOSO et al. 2015) a zaroven jako kofist mnoha jinych Zivocichu,
hraji vyznamnou roli v potravnich fetézcich (PINTO DA ROCHA et al.
2007, WISE et al. 1993).

Pavouci jsou ekologicky i funkéné riznorodou skupinou
predatorti. VétsSina druhd pavoukli ma schopnost pomérné rychle se Sifit,
zejména za pomoci pasivniho transportu na pavucinovych vlaknech
vzdus$nymi proudy, tzv. balooningem (GREENSTONE et al. 1985). Pavouci
jsou schopni rychle osidlit téméf jakykoliv biotop a patii mezi prvni
zivoCichy na biotopech v primarnich stadiich sukcese (DUFFY 1978,
HAGVAR et al. 2020). Ekologicka nika pavoukovci je ovlivnéna zejména
okolnimi mikroklimatickymi podminkami a strukturou vegetace a
povrchu (ENTLING et al. 2007). Pavouci vSak obyvaji i biotopy bez
vegetace a dokonce osidlili i sladkovodni prostfedi. Nékteré druhy jsou
ekologicky vyhranéné a specializuji se na urcity biotop nebo dokonce
mikrobiotop, napt. podzemni mikroprostory (LOPEZ & OROMI 2010).
Pavouci obyvaji vSechny stratigrafické urovné ekosystému a jsou druhy
specializované na zivot v podzemnich prostorech, at’ uz to jsou jeskyné
(RUZICKA et al. 2013) nebo prostory v padé (RUZICKA et al. 2015).
Mnoho druhti pavoukd Zije epigeicky, ale také na vegetaci, v mechovém
patie (BOZANIC et al. 2014), na vyssich bylinach (VASCONCELLOS-NETO
et al. 2017), kefich a velka skupina pavoukil Zije na stromech (SZINETAR
& HORVATH 2005). Podobné jako pavouci jsou i sekaCi casto
specializovani na rtzné biotopy, ale jejich nizkd schopnost se §ifit jim
nedovoluje tak spésné osidlovat vSechny typy biotopt.
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Pavoukovci na kmenech stromi jsou studovani pomérné ziidka
a ze stfedni Evropy existuje jen nékolik praci, které se spoleCenstvy
pavouki nebo sekac¢li na kmenech zabyvaji. VEétsinou jde o soucast studii
zabyvajicich se komplexni arachnofaunou lesti (napf. BLICK 2011),
pfipadné v sadech, kde jsou studovani pavouci na kmenech jako soucést
ochrany proti $kiidciim (napt. BOGYA et al. 1999, PEKAR 1999). N¢které
studie se zabyvaji také pfezimovanim pavoukti na kmenech stromti (napf.
SPITZER et al. 2010) nebo vertikalni distribuci spole¢enstva pavoukovct
na kmenech (SIMON 1994, MACHAC 2014).

Zname ruzné metody k ziskani materialu pavoukl a sekact z
kmend stojicich stromt. Jednou z nejpouzivanéjsich, ale také technicky

ktery zachyti Siroké spektrum druhti pohybujicich se po kmenech (BLICK
2011). Nekdy se pouziva eklektor i na silngjsich vétvich (KOPONEN 2004,
BAR-NESS 2012). Pouzit se da také narazova past urend primarné ke
sbéru 1étajiciho hmyzu (MACHAC et al. 2018), ale i jiné jednodussi
metody (MACHAC & TUF 2016).

Pavouci v dutinach stromu

Dalsim specifickym biotopem pro pavouky jsou dutiny stromu,
které hosti fadu arborikolnich i specializovanych druhti. Dutina stromu
predstavuje mikroklimaticky specificky biotop s mnozstvim ukryti i
kofisti (NIKOLAI 1986). N¢které druhy pavouki ziji v dutinach stromu
po cely rok a vyuzivaji je jako ukryt a lovi v nich kofist, nékteré druhy v
dutinach pouze zimuji nebo je jen ptilezitostné vyuZzivaji (RUZICKA et al.
1991).

Pavoukovci (s vyjimkou rozto¢t) jsou v dutinach stromut
studovani jen velmi zfidka, na rozdil tieba od saproxylického hmyzu,
zvlasté broukd (napf. GKLAND 1995, RANIUS & JANSSON 2002). Z
pavoukovcl byvaji daleko Castéji v dutindch studovani Stirci (napf.
RANIUS 2002, CHRISTOPHORYOVA et al. 2017), ktefi jsou spole¢né s
roztoCi typickymi pavoukovci dutin stromt. Co se vsak tyka pavouki ¢i
sekact, z Evropy existuje jen nékolik praci zabyvajicich se jejich
vyskytem v dutinach stromi (DE MURGUIA et al. 2007, N1TU et al. 2009).
V Cesku se pavouky v dutinach starych stromi na Ttebotisku zabyval
pouze RUZICKA & kol. (1991).

Material pavouktl z dutin stromil Ize ziskat riznymi metodami,
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nejjednodussi je prosev substratu dutiny, v pfipadé vétSich dutin také
pomoci padaci pasti na dn¢ dutiny (RANIUS & JANSSON 2002), ptipadné
také individualnim sbérem. Je také mozné do vstupniho otvoru instalovat
narazovou past, ktera zachyti s vétsi efektivitou také druhy dutiny
osidlujici ¢i navstévujici (MACHAC et al. 2018).

Specifickym umélym mikrobiotopem jsou ptaci hnizdni budky,
které nahrazuji pfirozené dutiny stromt. Ptaci budky poskytuji vhodny
ukryt a také mnozstvi potravy. Pavouci obyvaji ptaci budky celoro¢né, v
hnizdnim obdobi jsou vSak pod tlakem ptacich predatort, ktefi se v
budkach zdrzuji (CERNECKA et al. 2017). Nejvice se pavouci do budek
stahuji koncem podzimu, kdy v nich hledaji Ukryt pro piezimovani
(CERNECKA et al. 2017, MACHAC & TUF 2021). Vétsina druhti v budkach
zimuje v neaktivnim stavu v pavuéinovych zamotcich nebo volné v
hnizdnim materialu a na sténach budky. Nékteré druhy vsak vyuzivaji
budky jako denni tkryt a v noci lovi kofist v okoli. Pavouci v ptacich
budkidch byli dosud studovani jen velmi sporadicky a existuje
celosvétoveé pouze nékolik studii (NORDBERG et al. 1936, Mc COMB &
NOBLE 1982, GAJDOS et al. 1991, CERNECKA et al. 2017), tito autofi
studovali pavouky v budkach béhem hnizdni sezony, piipadné je sbirali
z hnizd v budkach hnizdicich ptakd. Teprve recentné byla publikovana
prvni prace o vyuzivani ptaCich budek pavouky pro ptrezimovani
(MACHAC & TUF 2021).

Pavouci a sekaci v lesich ovlivnénych hnizdicimi kormorany

Spolecensky hnizdici ptéci, jako jsou kormorani, maji vyrazny
vliv na biotopy v okoli svych hnizdnich kolonii (KLIMASZYK & RZYMSKI
2016). Kormorani vytvaieji pocetné, nékdy az nékolikatisicové hnizdni
kolonie na stromech v blizkosti jezer, fek nebo na moiském pobiezi
(EERDEN et al. 2012). Hnizdici kormorani ovliviiuji okolni vegetaci
mechanicky, ale také chemicky, produkci velkého mnozstvi trusu, ktery
extrémné zvySuje mnozstvi zivin a kyselost v piadé (BOUTIN et al. 2001).
Tyto zmény se odrazeji na struktufe vegetace, kterd se v rtzn¢
ovlivnénych plochach v kolonii mozaikovité méni od holych ploch bez
vegetace s uhynulymi stromy v mistech s nejvétsi hustotou hnizd, az po
husté zarostlé plochy v opusténych ¢astech kolonie (MATULEVICIUTE et
al. 2018).
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Mnozstvi zbytkli ryb, uhynulych mlad’at a trusu 1dka mnozstvi
koprofagn, nekrofagi a jejich predatori (Goc et al. 2005, YAHIRO et al.
2013). Nekteré skupiny bezobratlych, zvlasté saprofagni druhy a
predatofi, na téchto biotopech profituji, jiné, jako napt. herbivorni druhy,
naopak témét chybi (KOLB et al. 2012). D4 se ptedpokladat, Ze tato mista
budou atraktivni pro fadu bezobratlych predatorti. Nékteré studie vSak
ukazuji snizenou abundanci zvlaste sitovych, ale piekvapivé i na zemi
aktivné lovicich druhti pavoukii v hustych kormoranich koloniich v
porovnani s opuSténymi nebo neovlivnénymi biotopy v okoli (napf.
KoLB et al. 2012). Studii zabyvajicich se spoleenstvy pavouki a sekacd
v kormoranich koloniich je v§ak velmi malo (KOLB et al. 2012, MACHAC
etal. 2021).

Cile této prace

Cilem této prace je souhrn znamym, ale zejména nove zjisténych
poznatkli o ekologii spolecenstev pavoukil a sekact na ctyfech dosud
malo studovanych specifickych biotopech v lesnich ekosystémech a to na
kmenech stromt, v dutinach stromt, v ptacich budkach a v kormorani
kolonii. Cilem bylo shrnout slozeni a popsat vliv vybranych faktord
ovliviiyjicich pocetnosti a sloZeni spolecenstva pavoukd a sekacl
obyvajici tyto specifické biotopy.

CHARAKTERISTIKA DOSAZENYCH VYSLEDKU

Pavouci a sekaéi na kmenech stromi ve mésté a v lese

V prvni studii jsme se zabyvali porovnanim tii metod odchytu
pavouku a sekact na kmenech na dvou odlisnych biotopech, v méstské
zeleni a v luznim lese u mésta Prerov (MACHAC & TUF 2016). V této
studii jsme srovnavali abundance a druhové spektrum jak s ohledem na
pouzitou metodu, tak i s ohledem na druh stromu. Ve studii byly
srovnavany metody kartonovych past (HORVATH & SZINETAR 1998),
lepovych past a upravené padaci pasti (PINZON & SPENCE 2008).

Celkem bylo vSemi studovanymi metodami na obou biotopech
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ziskano 56 druhti pavoukt a 6 druhii sekacd. Vice jedincii obou skupin
bylo ziskdno v luznim lese, nez na stromech v méstské zeleni. Pocet
druhti pavoukti byl na obou biotopech stejny, ale lisilo se jejich spektrum.
Vice druhti sekact bylo zjisténo v lese nez na stromech v méstské zeleni.
Na kmenech v méstské zeleni byly zjistény také druhy, u nas zijici
zejména synantropné, a naopak zde chybély nékteré druhy typické na
stromech v lesich (BLICK 2011). VétSina ziskanych druhd pavoukil
patfila mezi arborikolni druhy (SZINETAR & HORVATH 2005).

Ze studovanych stromt bylo nejvice druhi i jedincti pavoukd i
sekact ziskano z dubu, statisticky rozdil se v§ak mezi jednotlivymi druhy
stromi neprokazal. Ze srovnavanych metod se ukazala jako nejucinnéjsi
metoda upravené padaci pasti, naopak metoda lepovych pasu se ke sbéru
pavoukovcl neosvedéila, bylo z ni ziskano nejméné jedincti i druhti a
sekac¢lim casto na lepu zistavaly jen jejich koncetiny. Dobie pouzitelna
je také metoda kartonovych past, ktera hosti nejvice druhti v podzimnich
mesicich, kdy zde hledaji ukryt druhy zimujici pod klirou stromt. V
letnim obdobi se pod kartonovymi pasy vyskytovaly pocetné samice s
kokony.

Spolecenstva pavoukli a sekdCli na kmenech se na rGznych
biotopech mtizou lisit. I za pomoci jednoduchych metod Ize ziskat bohaty
material pavoukil a sekacl z kmentl stromd, zvlasté pak metodou
upraven¢ padaci pasti a z kartonovych past.

Pavouci a §tirci v dutinach starych dubu

Ve druhé studii jsme se zabyvali dutinovou arachnofaunou na
starych dubech na Pohansku u Bfeclavi (MACHAC et al. 2018).
Spolecenstvo pavoukii a Stirkdi bylo z dutin dubd ziskdno metodou
upravené zemni pasti instalované ve 22 dutinach a narazovou pasti
umisténou u otvoru kazdé dutiny na solitérnich stromech na loukach i
zastinénych stromech v lesnim porostu. Zabyvali jsme se také tim, zda se
budou lisit druhy a jejich abundance v zivych a odumielych stojicich
stromech.

Celkem bylo ziskano 41 druhti pavoukt a Sest druht $tirkd, 20
Linyphiidae a z loveckych strategii pavouki (CARDOSO et al. 2015) byly
zastoupeny zejména druhy tvofici si horizontdlni plachetkovité sité. V
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dutinach a zejména na oslunénych dubech bylo zjisténo i nékolik
vzacnych a ohrozenych druhti pavoukd a §tirki (REZAC et al. 2015,
STAHLAVSKY 2017), tyto druhy dokladaji diileZitost pfitomnosti dutin a
starych stromi v pfirod€. Prikazné se pocty zjisténych jedinci pavoukt
a $tirkd v zapojeném lese a na solitérnich dubech nelisily, stejné tak nebyl
statisticky vyznamny rozdil v abundancich mezi Zivymi a mrtvymi
stromy. Druhové spektrum se v§ak na obou biotopech liilo, 20 druht
bylo zjisténo jen na stromech v lese, pouze na oslunénych solitérnich
stromech bylo zjisténo sedm druht. Druhové spektrum se také lisilo na
zivych a mrtvych stromech, dutiny v mrtvych stromech obyvalo pouze
sedm druhtl, na rozdil od 13 druhti nalezenych v dutinach zivych stromd,
prestoze je znama preference nekterych druhii pavoukl k odumtelym
stromiim (PAVIOUR-SMITH & ELBOURN 1978).

Celkove¢ 1ze spolecenstvo druhti obyvajici dutiny starych stromu
charakterizovat jako druhové pomérné€ chudé, zastoupené zejména
arborikolnimi druhy, ale byly v nich nalezeny také druhy spise epigeické,
obyvajici stromy pravdépodobné jen ptilezitostné (NENTWIG et al. 2021,
SZINETAR & HORVATH 2015). Dutiny starych stromil patii mezi
ohrozené mikrobiotopy, kterych v krajing spolu se starymi stromy ubyva.
Hosti fadu ohrozenych druh@i nejen saproxylického hmyzu, ale i
pavoukovci.

Pavouci zimujici v ptacich budkach

Spole¢enstvo pavoukd zimujici v pta¢ich budkach a vliv
vybranych faktorii prostiedi ovliviiujicich jejich pocetnosti, jsme
studovali v luznim lese v PR Kralovstvi u obce Grygov na stfedni Moravé
(MACHAC & TUF 2021). V prvni ¢asti studie jsme v 50 ptacich budkach
sbirali tfi sezony vzdy na zacatku zimy (listopad-prosinec) vSechny
pavouky a studovali vliv druhti stromti na abundance a druhové spektrum
pavoukl. Také jsme studovali vliv uzavieného vstupniho otvoru do
budky na mnozstvi v nich zimujicich pavoukd. V druhé ¢asti studie jsme
sledovali vliv teploty na rekolonizaci prazdnych budek pavouky béhem
zimy. Pavouky jsme v budkéch sbirali opakované a pfitom jsme sledovali
teplotni podminky vné a uvnitt budek. V tieti ¢asti studie jsme se zamé&fili
na vliv pfitomnosti hnizdniho materidlu na abundanci pavoukd v
budkach. Nasbirali jsme material pavoukil celkoveé ze 126 ptacich budek
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a extrahovali hnizdni material z 39 obsazenych budek.

Celkem jsme ziskali 3511 pavoukd, nalezejicich do 16 druht z
11 Celedi. Témét vSechny tyto druhy patfily mezi arborikolni pavouky,
zijici béhem vegetacni sezony na stromech; Slo pfevazné o druhy
obyvajici kmeny stromil, v mensi mife také druhy zijici na listech a
vétvich dfevin (SZINETAR & HORVATH 2015). Dominantni druhy v
ptacich budkach byly zaprednik Clubiona pallidula (Clerck, 1757) (47
%), $plhalka Anyphaena accentuata (Walckenaer, 1802) (24 %), ve
vétsich pocetnostech také snovacky Steatoda bipunctata (Linnaeus,
1758) (13 %) a Platnickina tincta (Walckenaer, 1802) (5 %). Druhy z
cerveného seznamu v budkach zjistény nebyly.

Alesponi jeden jedinec pavouka byl ziskédn z 92 % studovanych
budek, coz je vysoky podil obsazenych budek v porovnani se studii ze
Severni Ameriky (MC CoOMB & NOBLE 1982), kde zjistili pfitomnost
pavoukl jen v 7 % budek. Z gild loveckych strategii pavoukii byly
nejpocetnéji zastoupeny druhy, které si nestavi sit€ a kofist aktivn€ lovi.
Pomémeé piekvapivé bylo malé zastoupeni druhii stavejici plachetkovité
horizontalni sité, tato skupina druhd byla napf. nejpocetnéjsi v
ptirozenych dutinach starych dubd na Pohansku (MACHAC et al. 2018).

Druh stromu nemél prikazny vliv na abundance a druhové
slozeni pavoukt v budkach, tento vysledek jsme v$ak predpokladali, coz
je ziejmé dano zastoupenim studovanych stromt s podobnou strukturou
borky. Na jednotlivych druzich stromtl se vSak spolecenstva pavouku
mohou lisit, rozdily jsou vSak patrné zejména mezi stromy liSici se
vyrazné strukturou borky (SAMU et al. 2014) nebo mezi jehli¢natymi a
listnatymi stromy (KORENKO et al. 2011). Budky s uzavienym vchodem
hostily prikazné méné jedinct pavouki nez budky oteviené. Pavouci sice
zifejme vyuzivaji vstupni otvor k osidleni budky, ale byli zaznamenani ve
vétSich poctech i v celorocné zaspuntovanych budkéch a zvlast€¢ mensi a
ploché druhy mohou budku osidlovat i $kvirami pod stfechou nebo ve
spojich budky.

Teplota uvnit budky a venku se priikazné nelisila. Prikazny vliv
teploty na osidlovani budek pavouky byl prokdzan u sedmi v zimé
aktivujicich druhti. Béhem zimy kolonizovala budky v hojnéj$im poctu i
pfi teplotach kolem bodu mrazu $plhalka A. accentuata, ktera je znama
jako druh, ktery aktivné lovi i v zim¢ (KOOMEN 1999, KORENKO et al.
2010), jeji abundance v budkach stoupaly se vzrdstajici venkovni
teplotou. Ostatni druhy osidlovaly budky v zimnim obdobi jen
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sporadicky. Naptiklad nejpocetnéjsi druh v budkach, zaptednik C.
pallidula, zimuje v pavucinovych zamotcich na sténach budky nebo v
hnizdnim materidlu a béhem zimy obvykle neni aktivni.

Tepelnou extrakci hnizdniho materialu z39 budek v
Tullgenovych aparatech bylo ziskdno deset druhi pavoukt, z nichz byly
nejpocetnéjsi zapiednici Clubiona brevipes Blackwall, 1841 (37 %), C.
pallidula (35 %) a mladi jedinci snovacky P. tincta (20 %). Tyto druhy
jsou znamymi obyvateli ptacich i sav¢ich hnizd (napt. GAIDOS et al.
1991). Pritomnost hnizda méla prikazny pozitivni vliv na vyssi
abundanci pavouktl. VétSina zjisténych druhi byla pocetnéjsi v budkach
s hnizdnim materialem, zvlasté pak druhy, které jsou ptes zimu neaktivni
a kofist obvykle nelovi, pouze Splhalka A. accentuata a snovacka S.
bipunctata byly pocetné&jsi v budkach bez hnizda. V budkéch s hnizdnim
materidlem je v porovnani s volnymi hnizdy (GAJDOS et al. 1991) nebo s
hnizdy v norach hnizdicich ptakit (HENENBERG et al. 2017) vétsi
mnozstvi jedinct i druhti pavoukti. V budkach, kde nocovali ptaci, nebyli
zjiSténi témef zadni pavouci.

Ptaci budky jsou ndhradnim hnizdnim biotopem pro ptaky, ale
behem zimy nabizeji ukryt pro rozmanité spektrum pavoukt zijicich na
stromech. Nasli jsme v budkach asi polovinu druhti pavouku, které jsou
znamé Zivotem na stromech v lesich tohoto typu v regionu (MACHAC &
TUF 2016), a témér vSechny nase druhy, o nichZ je znamo, Ze na stromech
prezimuji. Ornitologové zavéSovanim budek na stromech podporuji
nejen v dutinach hnizdici ptaky a drobné savce, ale také prezimujici
pavouky, ktefi jsou dilezitymi regulatory ,,sktidct v lesich.

Pavouci a sekaci v lesich ovlivnénych hnizdicimi kormorany

Ve ctvrté studii jsme studovali vliv zmén vegetace na
spoleCenstva vybranych skupin bezobratlych predatord, jako jsou
pavouci, sekaci a stonozky v kolonii kormorana velkého. Hnizdni kolonie
se nachdzela v borovém lese na pobfezi Baltského moie v NP Kurska
kosa v Litvé (MACHAC & al. 2021). V hust¢ osidlené kormorani kolonii,
ktera patfi mezi nejveétsi na pobiezi Baltu a v dob¢ studie citala okolo
6000 hnizdicich kormoranti (MATULEVICIOTE & al. 2018), jsme tfi roky
na Ctyfech riizné ovlivnénych plochach studovali pocetnosti a druhové
sloZzeni vybranych epigeickych skupin bezobratlych predatord.

Material byl ziskan za pomoci zemnich pasti. Na vSech plochach
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byl proveden fytocenologicky snimek a podle rostlinného spektra
vypocitany Ellenbergovy indika¢ni hodnoty pro spolecenstva rostlin na
danych plochach (ELLENBERG et al. 2001). Zkoumali jsme vliv faktort
vegetace za pomoci Ellenbergova indexu pro svétlo, ziviny a vlhkost,
dale ptitomnost ploch bez vegetace a pokryvnost vegetace na
spolecenstva epigeickych predatord.

Celkem bylo ziskano 4299 jedincti pavoukl nalezejicich 102
druhtim, 451 jedincid sekdc¢t z deviti druhit a 1501 jedinci stonozek ze
sedmi druhti. Nejpocetnéj$imi pavouky na vSech Etyfech plochach byli
slid’ak Trochosa tericola Thorell, 1856 (39 %), plachetnatka Diplostyla
concolor (Wider, 1834) (14 %) a pacelistnatka Pachygnatha listeri
Sundevall, 1830 (5 %). Mezi sekac¢i dominovali seka¢ Phalangium opilio
Linnaeus, 1761) (40 %) a zlaznatka Nemastoma lugubre (Miiller, 1776)
(23 %). Celkové pouze tfetina druhti pavouku patfila mezi typické lesni
druhy (BUCHAR & RUZICKA 2002), tfetina mezi druhy nelesnich biotopt
a tfetinu pfedstavovaly druhy bez vyhranéného biotopového naroku.

Jednotlivé skupiny studovanych ¢lenovcl se v pocetnostech na
ruzné ovlivnénych plochach lisily. Pavoukt bylo nejvice zjisténo ve
sttedné ovlivnéné Casti kolonie, nejméné pak v opusténé casti kolonii,
naproti tomu sekac¢l a stonozek bylo nejvice v nejhustsi ¢asti kolonie a
nejméné v zacinajici, resp. koncici ¢asti kolonie. Pocet druhl se mezi
rizné€ ovlivnénymi plochami vyrazné nelisil, liSilo se vSak jejich druhové
spektrum a pomérné zastoupeni jednotlivych druhti. Prikazny vliv na
abundance mél ze studovanych faktorti Ellenbergiiv index pro svétlo,
pritomnost ploch bez vegetace, hustota hnizd a pokryvnost bylin a
mechového patra. Pokryvnost stromil ani kett signifikantni vliv neméla.
Mezi funkénimi skupinami se vliv ukazal pouze u aktivné lovicich
pavoukd, preferujici plochy bez vegetace s vyssi densitou hnizd, coz
potvrzuje. Konkrétné byli pocetnéjsi slidaci T. tericola a rodu Pardosa,
zatimco vyskyt plachetnatky D. concolor, jako zastupce druhti lovici za
pomoci siti, mél opac¢ny trend. Kormorani sice vyrazn¢ ovliviiuji lesni
ekosystémy, ale zaroven vytvateji pestrou mozaiku riznorodé vegetace,
z které mohou skupiny epigeickych predatorti, jako jsou pavouci a sekaci,
profitovat.
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ZAVER

Specifické biotopy hosti fadu pavoukt a sekact, at’ uz to jsou
druhy z okoli, které tyto biotopy obyvaji jen ptilezitostn¢, nebo druhy na
né specializované. Na téchto specifickych biotopech jsou v porovnani s
okolim ¢asto rozdilné mikroklimatické a strukturni podminky a tak jsou
nékterymi druhy pavoukt a sekact vyhledavany a preferovany.

Kmeny stromti obyva rozmanité spole¢enstvo pavoukt a sekacu.
Druhové spektrum a pocetnosti se mohou liSit v zavislosti na biotopu a
druhu stromu. Neju¢innéjs§i metodou ke sbéru pavoukovcd z kment
stromu se ukazala upravena padaci past, na podzim se vSak osveédcila také
i metoda kartonovych past.

Specifické je spoleCenstvo pavoukil obyvajici dutiny stromul.
Umisténi stromu s dutinou midze mit vliv na slozeni pavoucich
spoleCenstev V dutindch. Dutiny starych stromi hosti fadu ohrozenych
druhti, nejen saproxylického hmyzu, ale také pavouk.

Ptaci budky poskytuji pavoukiim vhodny mikrobiotop, zvlasté na
podzim a v zimnim obdobi, kdy v budkach hledaji ukryt pro pfezimovani.
Ze studovanych faktort méla prikazny vliv na vyssi abundance pavouki
v budkach pfitomnost hnizda a otevieny vstup budky. Nékteré druhy
pavouki osidluji budky i v prubéhu zimy. Lidé vyvéSovanim ptacich
budek nepodporuji pouze v nich hnizdici ptaky, ale také prezimujici
pavouky, ktefi hraji také dileZitou roli v boji proti ,,Skiidciim®.

Specifickymi biotopy jsou plochy lesa ovlivnéné hnizdicimi
kormorany. Prokazatelny vliv na pocetnosti pavouktl a sekacli na téchto
biotopech mela pokryvnost bylinné a mechové vegetace, Ellenbergiv
index pro svétlo, hustota kormoranich hnizd a pfitomnost ploch bez
vegetace. Aktivné lovici druhy mély vyssi abundance na plochach bez
vegetace a s vy$si hustotou hnizd, naopak jejich pocetnost klesala s vyssi
pokryvnosti vegetace. U sitovych druhti pavouku a kratkonohych druhti
sekact byl zjistén opacény trend.

Studie zahrnuty v této praci piindsi fadu novych poznatkl o
ekologii spolecenstev pavoukli a sekdCl na malo studovanych
specifickych biotopech.

12



Ondfej Macha¢: Ekologie pavouki a sekact na specifickych biotopech v lesich

SEZNAM POUZITE LITERATURY

ALBRECHT H. (1995): Stammeklektorenfinge von Spinnen (Araneae) in
Laubwaldgesellschaften des ehemaligen Militdrgeldndes “Hohe Schrecke-
Finne” (Nordthiiringen). — Veroffentlichungen des Naturkundemuseums
Erfurt 14: 67-79.

BAEHR B., RAVEN R. & HARMS D. (2017): High tide or low tide: Desis
bobmarleyi sp. n., a new spider from coral reefs in Australia sunshine state
and its relative from Samoa (Araneae, Desidae). Evolutionary Systematics
1(1): 111-120.

BAR-NESs Y. D., MCQUILLAN P. B., WHITMAN M., JUNKER M. R., CRACKNELL
M. & BARROWS A. (2012): Sampling forest canopy arthropod biodiverzity
with three novel minimal-cost trap designs. Australian Journal of
Entomology 51: 12-21.

BEIER M. (1963): Ordnung Pseudoscorpionidea (Afterskorpione).
Bestimmungsbiicher zur Bodenfauna Europas, Lieferung 1. Akademie-
Verlag, Berlin. 313 pp.

BouTIN C., DOBBIE T., CARPENTER D. & HEBERT C. E. (2011): Effect of Double
Crested Cormorant on island vegetation, seedbank and soil chemistry:
evaluating island restoration potential, Restor. Ecol., 19: 720-727.

BLICK T. & GOSSNER M. (2006): Spinnen aus Baumkronen-Klopfproben
(Arachnida: Araneae), mit Anmerkungen zu Cinetata gradata (Linyphiidae)
und Theridion boesenbergi (Theridiidae). — Arachnologische Mitteilungen
31: 23-39.

BLICK T. (2011): Abundant and rare spiders on tree trunks in German forests
(Arachnida: Araneae). — Arachnologische Mitteilungen 40: 5-14.

BOGYA S., SZINETAR C. & MARKO V. (1999): Species composition of spider
(Araneae) assemblages in apple and pear orchards in Central Basin. — Acta
Phytopathologica et Entomologica Hungarica 34: 99-121.

BOZANIC B., HRADILEK Z., MACHAC O., PIZL V., STAHLAVSKY F., TUFOVA J.,
VELE A. & TUF I. H. (2013): Factors affecting invertebrate assemblages in
bryophytes of the Litovelské Luhy National Nature Reserve, Czech
Republic. Acta zool. bulg. 65 (2): 197-206.

BUCHAR J. & RUZICKA V. (2002): Catalogue of spiders of Czech Republic.
Peres, Praha. 351 pp.

BUCHAR J. (1983): Klasifikace druhii pavouéi zviteny Cech, jako pomiicka k
bioindikaci kvality Zivotniho prostiedi. Fauna Bohem. septentr. 8: 119-135.

CERNECKA L., MICHALKO R. & KRISTIN A. (2017): Abiotic factors and biotic
interactions jointly drive spider assemblages in nest-boxes in mixed forests.
The Journal of Arachnology 45(2), 213-222.

CARDOSO P., PEKAR S., JOCQUE R. & CODDINGTON J. (2011): Global patterns

13



Ondiej Machac: Ekologie pavoukil a sekacti na specifickych biotopech v lesich

of guild composition and functional diversity of spiders. PLoS ONE 6.

CESKA ARACHNOLOGICKA SPOLECNOST (2021): Pavouci (Araneae), sekadi
(Opiliones) - www.arachnology.cz (kvéten 5, 2021)

DE MURGUIA M. L., DE CASTRO A. & MOLINO-OLMEDO F. (2007): Artropodds
Saproxilicos Forestales en los Parques Naturales de Aralar y Aizkorri
(Guipuzcoa, Espaia). — Boletin SEA 41: 237-250.

ELLENBERG H., WEBER H. E., DULL R., WIRTH V., WERNER W. & PAULIBEN D.
(2001): Zeigerwerte von Pflanzen in Mitteleuropa. [Indicator values of plants
in Central Europe]. Scripta Geobotanica 18. Lehrstuhl f. Geobotanik d.
Universitit Gottingen. 262 p.

DUCHAC V. (1993): Stirci (Pseudoscorpionidea) ze stromovych dutin na
Tiebonisku. — Shornik Jihoceského muzea v Ceskych Budéjovicich, P¥irodni
védy 33: 65-69.

DUFFY E. (1978): Ecological strategies in spiders including some characteristics
of species in pioneer and mature habitats. Symp. Zool. Soc. London, 42: 83—
107.

ENTLING W., SCHMIDT M. H., BACHER S., BRANDL R. & NENTWIG W. (2007):
Niche properties of Central European spiders: shading, moisture and the
evolution of the habitat niche. Global Ecology and Biogeography 2007; 16:
440-448.

GAIDOS P., KRISTOFIK J. & SUSTEK Z. (1991): Spiders (Araneae) in the birds’
nests in Slovakia. Biologia (Bratislava) 48: 887-905.

Goc M., ILIszKo L. & STEMPNIEWICZ L. (2005): The largest European colony
of great cormorant on the Vistula spit (North Poland) an impact of the forest
ecosystem. Ecological Questions, 6, 93-103.

GREENSTONE M. H., MORGAN C. E. & HuLTscH A. L. (1985): Spider
ballooning: development and evaluation of field trapping methods (Araneae).
—Journal of Arachnology 13: 337-345.

HANSEN H (1992): Uber die Arachniden-Fauna von urbanen Lebensrdumen in
Venedig Il. Die Rinde-bewohnenden Arten des Stammbereiches von
Platanus hybrida. — Bollettino del Museo civico di Storia naturale di Venezia
41:91-108.

HENENBERG J., REZAC M. & NOVAKOVA M. (2016): Spider assemblages in bird
burrows. Biologia 2016, 73 (3), 267-272.

HORVATH R. & SZINETAR C. (2002): Ecofaunistical study of bark-dwelling
spiders (Araneae) on black pine (Pinus nigra) in urban and forest habitats.
Acta Biologica Debrecina 24: 87-101.

HORVATH R., LENGYEL S., SZINETAR C. & JAKAB L. (2005): The effect of prey
availability on spider assemblages on Black Pine (Pinus nigra) bark: spatial
patterns and guild structure. — Canadian Journal of Zoology 83: 324-335.

HORVATH R., MAGURA T. & SZINETAR C. (2001): Effects of immission load on

14



Ondfej Macha¢: Ekologie pavouki a sekact na specifickych biotopech v lesich

spiders living on black pine. Biodiversity and Conservation 10: 1531-1542.

HURD L. E. & FAGAN W. F. (1992): Cursorial spiders and succession: age of
habitat structure? Oecologia 92: 215-221.

CHRISTOPHORYOVA J., JAICAYOVA D. & KRAICOVICOVA K. (2017):
Pseudoscorpions (Arachnida: Pseudoscorpiones) living in tree microhabitats
in Slovakia. Klapalekiana 53: 283-297.

ISAIA M., BONA F. & BADINO G. (2006): Comparison of polyetylene bubble
wrap and corrugated cardboard traps for sampling treeinhabiting spiders.
Environmental Entomology 35: 1654-1660.

ISAIA M., PASCHETTA M., LANA E., PANTINI P., SCHONHOFER A. L., CHRISTIAN
E. & BADINO G. (2015): Subterranean Arachnids of the Western (Arachnida:
Araneage, Opiliones, Palpigradi, Pseudoscorpiones). Monografie/Museo Reg.
Sci. Nat., Torino.

KLIMASZYK P. & Rzymskl P. (2016): The complexity of ecological impacts
induced by great cormorants. Hydrobiologia 771: 13-30.

KoLB G., JERLING L., ESSENBERG C., PALMBORG C. & HAMBACK P. A. (2012):
The impact of nesting cormorants on plant and arthropod diversity.
Ecography 35, 726-740.

KOOMEN P. (1998): Winter activity of Anyphaena accentuata (Walckenaer,
1802) (Araneae: Anyphaenidae). In: P. A. Selden (ed.). Pro-ceedings of the
17th European Colloquium of Arachnology, Edinburgh University 1997: 20—
23.

KOPECKY O. & TUF I. H. (2013): Podzemni populace pavouka plachetniky
étyfzubé Oreonetides quadridentatus (Wunderlich, 1972). Zdpadoceské
entomologické listy 4. 106-1009.

KOPONEN S. (1996): Spiders (Araneae) on trunks and large branches in SW
Finland, collected by a new trap type. Revue suisse de Zoologie, hors série 1:
335-340.

KORENKO S., KULA E., SIMON V., MICHALKOVA V. & PEKAR S. (2011): Are
arboreal spiders associated to particular tree canopies? North-West J. Zool. 7
(2): 261-269.

KOSULIC O., MICHALKO R. & HULA V. (2016): Impact of Canopy Openness on
Spider Communities: Implications for Conservation Management of
Formerly Coppiced Oak Forests. PLoS ONE 11(2): e0148585.

KRISTOFIK J., MASAN P. & SUSTEK Z. (2007): Arthropods (Pseudoscorpionidea,
Acari, Coleoptera, Siphonaptera) in the nests of the bearded tit (Panurus
biarmicus). Biologia. 62: 749-755.

KUBCOVA L. & SCHLAGHAMMERSKY J. (2002): Zur Spinnenfauna der
Stammregion stehenden Totholzes in siid-mihrischen Auwildern.
Arachnologische Mitteilungen 24: 35-61.

KURKA A., REZAC M., MACEK R. & DOLANSKY J. (2015): Pavouci Ceské

15



Ondiej Machac: Ekologie pavoukil a sekacti na specifickych biotopech v lesich

republiky. Academia, Praha. 621 pp.

KURY A. B., MENDES A. C., CARDOSO L., KURY M. S., GRANADO A. de A. &
GIRIBET G. (2020): World Catalogue of Opiliones. WCO-Lite version 1.2.1.
Online at: https://wcolite.com/.

LAFAGE D., DiouDI E. A, PERRIN G., GALLET S. & PETILLON J. (2019):
Responses of ground-dwelling spider assemblages to changes in vegetation
from wet oligotrophic habitats of Western France. Arthropod-Plant
Interactions 13: 653-662.

MACHAC O. (2014): Pavouci a sekaci na kmenech stromi Hostynskovsetinské
hornatiny. — Acta Carpathica Occidentalis 5: 64-67.

MACHAC O. (2015): Plachetnatka nakorni a jeji pfizpisobeni k Zivotu na
kmenech stromd. Ziva 63 (6): 279.

MACHAC O. & TUF I. H. (2016): Spiders and harvestmen on tree trunks obtained
by three sampling methods. Arachnol. Mitt. 51: 67-72.

MACHAC O. & Tur I. H. (2021): Ornithologists help to spiders: factors
influencing spider overwintering in bird nesting boxes. Insects 12: 465. DOI:
10.3390/insects12050465

MACHAC O., CHRISTOPHORYOVA J., KRAIJCOVICOVA K., BUDKA J. &
SCHLAGHAMERSKY J. (2018): Spiders and pseudoscorpions (Arachnida:
Araneae, Pseudoscorpiones) in old oaks of Central European floodplains.
Arachnol. Mitt. 56: 24-31.

MAINWARING M. C. (2011): The use of nestboxes by roosting birds during the
non-breeding season: a review of the costs and benefits. Ardea 99:167-176.

MATULEVICIOTE D., MOTIEJONAITE J., UOGINTAS D., TARASKEVICIUS R.,
DAGYS M. & RASOMAVICIUS V. (2018): Decline of a protected coastal pine
forest under impact of a colony of great cormorants and the rate of vegetation
change under ornithogenic influence. Silva Fennica vol. 52 no. 2 article id
7699. 19 p.

McComB W. C. & NOBLE E. R. (1982): Invertebrate Use of Natural Tree
Cavities and Vertebrate Nesting boxes. The American Midland Naturalist.
107, 163-172.

MIHAL |. & CERNECKA L. (2017): Structure of Harvestmen (Arachnida,
Opiliones) Communities in Different, Anthropically Disturbed Beech
Ecosystems (Western Carpathians, Slovakia). Vestnik zoologii, 51(3): 259—
270.

MOEED A. & MEADS M. J. (1983): Invertebrate fauna of four tree species in
Orongorongo valley, New Zealand, as revealed by trunk traps. — New
Zealand Journal of Ecology 6: 39-53.

NIKOLAI V. (1986): The bark of trees: thermal properties, microclimate and
fauna. Oecologia 69: 148-160.

NENTWIG W., BLICK T., BosMANS R., GLOOR D., HANGGI A. & KROPF C.

16



Ondfej Macha¢: Ekologie pavouki a sekact na specifickych biotopech v lesich

(2021):  Spiders of Europe. Version 01.2021. Online at
https://www.araneae.nmbe.ch, accessed on 01-10-2021.

NITU E., OLENICI N., POPA I., NAE A. & BIris I. A. (2009): Soil and saproxylic
species (Coleoptera, Collembola, Araneae) in primeval forests from the
northern part of South-Eastern Carpathians. Annals of Forest Research 52:
27-54.

NORDBERG S. (1936): Biologisch-Okologische Untersuchungen iiber die
Vogelnidicolen. Acta zool. Fenn. 21, 168 pp.

NoVAK B. (1956): K ethologii vodoucha stiibtitého (Argyroneta aquatica
Clerck). Shornik Vysoké skoly pedagogické v Olomouci, Prirodni védy 2:
119-128.

OKLAND B. (1996): A comparison of three methods of trapping saproxylic
beetles. European Journal of Entomology 93: 195-209.

OTT0 S. & FLOREN A. (2007): The spider fauna (Araneae) of tree canopies in
the Bialowieza Forest. Fragmenta Faunistica 50: 57—70.

PAVIOUR-SMITH K. & ELBOURN A. C. (1978): Some spiders of dead wood in
living trees in Wytham Woods, near Oxford. Bulletin of British
Arachnological Society 4: 213-220.

PEARCE J. L. & VENIER L. A. (2006): The use of ground beetles (Coleoptera:
Carabidae) and spiders (Araneae) asbioindicators of sustainable forest
management: A review. Ecological Indicators 6: 780-793.

PEKAR S. (1999): Some observations on overwintering of spiders (Araneae) in
two contrasting orchards in the Czech Republic. Agriculture, Ecosystems &
Environment 73: 205-210.

PINZON J. & SPENCE J. R. (2008): Performance of two arboreal pitfall trap
designs in sampling cursorial spiders from tree trunks. Journal of
Arachnology 32: 280-286.

PINTO DA ROCHA R., MACHADO G. & GIRIBET G. (2007): Harvestmen: the
Biology of Opiliones. 2007. Harvard University Press, Cambridge,
Massachusetts. 597 pp.

SIMON U. (1994): Spider and harvestmen fauna (Arachnida: Araneae, Opiliones)
of pine trees (Pinus silvestris L.) and its stratification. Bolletino
dell’ Accademia Gioenia di Scienze Naturali, Catania 26 (345) (1993): 323—
334.

RANIUS T. (2002): Population ecology and conservation of beetles and
pseudoscorpions living in hollow oaks in Sweden. Animal Biodiversity and
Conservation 25: 53-68.

RANIUS T. & Jansson N. (2002): A comparison of three methods to survey
saproxylic beetles in hollow oaks. Biodiversity and Conservation 11: 1759—
1771.

RozwArKA R. & STAREGA W. (2012): The invasive harvestman Opilio

17



Ondiej Machac: Ekologie pavoukil a sekacti na specifickych biotopech v lesich

canestrinii (Thorell, 1876) (Opiliones: Phalangiidae) in Poland. Fragmenta
Faunistica 55 (2): 161-168.

RUSSELL-SMITH A. (2002): Midia midas (Simon, 1884) in Epping Forest, Essex.
Newsletter of the British Arachnological Society 95: 13-14.

RUZICKA V., BOHAC J. & MACEK J. (1991): Bezobratli Zivogichové dutych
stromil na Tiebonisku. Shornik Jihoceského Muzea v Ceskych Budéjovicich,
Prirodni Vedy 31: 33—46.

RUZICKA V., SMILAUER P. & MLEINEK R. (2013): Colonization of subterranean
habitats by spiders in Central Europe. Int. J. Speleol. 42 (2): 133-140.

REZAC M., KURKA A., RUZICKA V. & HENEBERG P. (2015): Redlist of Czech
spiders: 3rd adjusted according to evidence-based national conservation
priorities. Biologia 70: 1-22.

REZAC M., RUZICKA V., HULA V., DOLANSKY J., MACHAC O. & ROUSAR A.
(2021): Spiders newly observed in Czechia in recent years — overlooked or
invasive species? Biolnvasions Records. (in press)

SAMU F., LENGYEL G., SzITA E., BIDLO A. & ODOR P. (2014): The effect of
forest stand characteristics on spider diversity and species composition in
deciduous-coniferous mixed forests. Journal of Arachnology 42: 135-141.

SPITZER L., KONVICKA O., TROPEK R., ROHACOVA M., TUF I. H. & NEDVED O.
(2010): Spolecenstvo ¢clenovcl (Arthropoda) zimujicich na jedli bélokoré na
Valassku (okr. Vsetin, Ceska republika). Casopis Slezského Muzea Opava
59: 217-232.

SPUNGIS V. (2008): Fauna, distribution, habitat preference and abundance of
harvestmen (Opiliones) in Latvia. Latvijas Entomologs 45, 14-24.

SZINETAR C. & HORVATH R. (2005): A review of spiders on tree trunks in
Europe (Araneae). Acta zoologica bulgarica 1: 221-257.

SILHAVY V. (1956): Seka¢i — Opilionidea. Fauna CSR 7, Nakladatelstvi Cs.
Akad. véd., Praha, 273 pp.

STAHLAVSKY F. (2017): Pseudoscorpiones (tirci). In: Hejda R, Farkad J &
Chobot K (eds.) Cerveny seznam ohrozenych druhii Ceské republiky.
Bezobratli. Red list of threatened species in the Czech Republic.
Invertebrates. Agentura ochrany pfirody a krajiny CR, Praha. pp. 78-79.

Tews J., BROSE U., GRIMM V., TIELBORGER K., WICHMANN K. & SCHWAGER
M.  (2004): Animal species diversity driven by habitat
heterogeneity/diversity: the importance of keystone structures. Journal of
Biogeography 31:79-92.

VASCONCELLOS-NETO J., MESSAS Y. F., DA SILVA SOUZA H., VILLANUEVA-
BoNILA G. A. & ROMERO G. Q. (2017): Spider—Plant Interactions: An
Ecological Approach. In: Viera C., Gonzaga M. (eds) Behaviour and
Ecology of Spiders. Springer, Cham.

WEIss 1. (1995): Spinnen und Weberknechte auf Baumstimmen im

18



Ondfej Macha¢: Ekologie pavouki a sekact na specifickych biotopech v lesich

Nationalpark Bayerischer Wald. In: Razicka V (ed) Proceedings of the 15th
European Colloquium of Arachnology. Czech Academy of Sciences,
Institute of Entomology, Ceské Budgjovice. pp. 184-192.

UDDSTROM A. & RINNE V. (2016): Suomen lukit ja valeskorpionit (Finish
harvestmen and pseudoscorpions). Hyénteistarvike Tibiale Oy, Helsinki.
WEYGOLDT P. (1969): The biology of pseudoscorpions. Harvard University

Press, Cambridge, Massachusetts. 145 pp.

Wise D. H. (1993): Spiders in ecological webs. Cambridge: Cambridge

University Press.

WORLD SPIDER CATALOG (2021): World spider Catalog, version 21.5. Natural
History Museum, Bern. — Internet: http://wsc.nmbe.ch (May 3, 2021)

WUNDERLICH J. (1982): Mitteleuropdische Spinnen (Araneae) der Baumrinde. —
Zeitschrift fiir angewandte Entomologie 94: 9-21

UETz G. W. (1979): Influence of variation of litter habitatson spider
communities. Oecologia 40: 29-42.

YAHIRO K., KAMEDA K., NASU Y. & MURAHAMA S. (2013): Insect fauna of
great cormorant (Phalacrocorax carbo) nests. Jpn. J. Ent. (N. S.) 16 (1): 15—
23.

ZULKA K. P. (1989): EinfluB der Hochwidsser auf die epigéische
Arthropodenfauna im Uberschwemmungsbereich der March
(Niederosterreich).—Mitteilungen der Deutschen Gesellschaft fiir allgemeine
und angewandte Entomologie 7: 74-75.

ZYDELIS R., GRAZULEVICIUS G., ZARANKAITE J., MECIONIS R. & MACIULIS M.
(2002): Expansion of the Cormorant (Phalacrocorax carbo sinensis)
population in western Lithuania. Acta Zoologica Lituanica 12(3): 283-287.

19



Ondiej Machac: Ekologie pavoukil a sekacti na specifickych biotopech v lesich

SEZNAM PUBLIKACI AUTORA

Publikace pouZzité v disertacni praci

MACHAC O. & TUF I. H. (2016): Spiders and harvestmen on tree trunks obtained
by three sampling methods. Arachnol. Mitt. 51: 67-72.

MACHAC O., CHRISTOPHORYOVA J., KRAIJCOVICOVA K., BUDKA J. &
SCHLAGHAMERSKY J. (2018): Spiders and pseudoscorpions (Arachnida:
Araneae, Pseudoscorpiones) in old oaks of Central European floodplains.
Arachnol. Mitt. 56: 24-31.

MACHAC O. & Tur I. H. (2021): Ornithologists help to spiders: factors
influencing spiders overwintering in bird nesting boxes. Insects, 2021, 12: 465.

MACHAC O., IVINSKIS P., RIMSAITE J., HORNAK O. & TUF I. H.: Response of
ground dwelling predatory arthropods to vegetation changes in cormorant
colony. Forests (in prep.)

Dalsi odborné publikace

MACHAC O. (2020): Nalez snovacky kalhotkaté Dipoena braccata (C. L. Koch)
na Svitavsku. Prdce a studie 26: 103-106.

MACHAC O. (2020): Kde najdeme aktualni data o rozSifeni naSich pavoukd?
Forum ochrany prirody: Data v Ochrané ptirody 7 (4): 34-35.
CHMELIK V., SARAPATKA B., MACHAC O., MIKULA J., LASKA V. & TUF |. H.

(2019): The effect of farming system and management practices on surface-
dwelling soil macrofauna. Zemdirbyste-Agriculture, 106: 291-296.

MACHAC O., MACAT Z., JELINEK A. & REITER A. (2018): Lov¢ik mokiadni
Dolomedes plantarius (Clerck, 1757) (Araneae: Pisauridae) v povodi feky Dyje.
Thayensia 15: 95-102.

MACHAC O. (2018): Pavouci a sekaci §térkovny Tovacov. Zpravy Viastivédného
muzea v Olomouci 315: 48-56.

KraJjCoviCcovA K., TAMuUTIS V., IVINSKIS P., MaAcHAC O. &
CHRISTOPHORYOVA J. (2018): First records of pseudoscorpions (Arachnida:
Pseudoscorpiones) from Lithuania. Entomologica Fennica 29: 49-53.

20



Ondfej Macha¢: Ekologie pavouki a sekact na specifickych biotopech v lesich

KRASENSKY P., BRYJA V., DOLANSKY J., DOLEJS P., HAMRIK T., JELINEK A.,
KREICT T., MACHAC O., ROUSAR A., REZAC M. & SIcH R. (2017): Pavouci
vybranych lokalit Mostecka, Chomutovska a Zatecka. Shornik oblastniho muzea
v Moste, fada ptirodovédna, 39: 110-129.

MACHAC O. (2017): Pavucenka stupinkatd Cinetata gradata (Simon, 1881)
(Araneae: Linyphiidae) v Ceské republice. Acta Carpathica Occidentalis 8: 34—
37.

MACHAC O. & KREJCi T. (2017): Prvni nalezy pavouka Microdipoena jobi
(Araneae: Mysmenidae) na Moravé. Thayensia 14: 59-62.

MACHAC O. (2017): Pavouci NPR Zastudanéi. Zpravy Viastivédného muzea v
Olomouci 313: 59-66.

MACHAC O. (2017): Zajimavy nalez tropické maloocky v Hranicich na Morave.
Pavouk 41: 7.

MACHAC O. (2016): Mén¢ znamé druhy pavouki — Nuctenea silvicultrix.
Pavouk 40: 7-8.

MACHAC O. (2016): Pavouci Néarodni piirodni pamatky Sipka. Acta Carp. Occ.
7:58-65.

MACHAC O., IVINSKIS P. & RIMSAITE J. (2016): Several new for Lithuanian
fauna species of spiders (Araneae). New and rare for Lithuania insect species
28: 121-126.

DOLANSKY J., MACHAC O. & KADLEC T. (2016): Skalovka Hermanova Zelotes
hermani (Chyzer, 1897) — novy druh v CR. Pavouk 41: 4-5.

KREJCI T., REZAC M., ROUSAR A., DOLANSKY J., DOLEJS P., MACHAC O. &
HORSAK M. (2016): Vyznamné nalezy pavoukt z CR II. Pavouk 41: 13-16.

MACHAC O. (2015): Méné znamé druhy pavoukt — Frontinellina frutetorum.
Pavouk 38: 2-3.

MACHAC O. (2015): Kiizak Neoscona adianta za humny! Pavouk 38: 6-7.

MACHAC O. (2015): Poznamka k novému nazvoslovi nékterych nasich
pfi¢natek. Pavouk 39: 3.

JAVUREK P. & MACHAC O. (2015): Ptispévek k vyskytu sklipkanka Atypus
muralis Bertkau, 1890 a stepnika Eresus kollari Rossi, 1846 na Prost&jovsku.
Prir. Studie Muz. Prost&jovska 17: 107-109.

MACHAC O. & NIEDOBOVA J. (2015): Spiders (Araneae) of Hurka u Hranic
National Nature Reserve (Moravia, Czech Republic). Acta Univ. Agric. Silvic.
Mendel. Brun. 63 (1): 65-75.

21



Ondrej Machac: Ekologie pavoukt a sekact na specifickych biotopech v lesich

MACHAC O. (2015): Plachetnatka nakorni a jeji pfizplsobeni k Zivotu na
kmenech stromii. Ziva 63 (6): 279.

TUF I. H., CHMELIK V., MACHAC O., SARAPATKA B. & CAP L. (2015): Effect
of water erosion on surface-dwelling invertebrates. Acta Soc. Zool. Bohem. 79
(3): 261-266.

MACHAC O. (2015): Plachetnatka nakorni a jeji pfizplsobeni k Zivotu na
kmenech stromd. Ziva 63 (6): 279.

TUF I. H., CHMELIK V., MACHAC O., SARAPATKA B. & CAP L. (2015): Effect
of water erosion on surface-dwelling invertebrates. Acta Soc. Zool. Bohem. 79
(3): 261-266.

SEBEK P., BACE R., BARTOS M., BENES J., CHLUMSKA Z., DOLEZAL J.,
DVORSKY M., KOVAR J., MACHAC O., MIKATOVA B., PERLIK M., PLATEK M.,
POLAKOVA S., SKORPIK M., STEJSKAL R., SVOBODA M., TRNKA F., VLASIN M.,
ZAPLETAL M. & CizEk L. (2015): Does a minimal intervention approach
threaten the biodiversity of protected areas? A multi-taxa short-term response to
intervention in temperate oak-dominated forests. Forest Ecology and
Management 358: 80—89.

MACHAC O. (2014): Pavouci a sekaci na kmenech stromd Hostynsko-vsetinské
hornatiny. Acta Carp. Occ. 5: 64-67.

MACHAC O. (2014): Mén¢ znamé druhy pavoukti — Cozyptila blackwalli. Pavouk
36: 14-15.

MACHAC O. (2014): Nalez sklipkanka v bu¢ing. Pavouk 36: 19.

MACHAC O. & ZEDEK M. (2014): Hahnia candida — novy druh pavouka pro
Ceskou republiku (Araneae: Hahniidae). Bohem. Cent. 32: 317—320.

BOZANIC B., HRADILEK Z., MACHAC O., PIZL V., STAHLAVSKY F., TUFOVA J.,
VELE A., TUF I. H. (2013): Factors affecting invertebrate assemblages in
bryophytes of the Litovelské luhy National Nature Reserve, Czech Republic.
Acta zoologica bulgarica, 65.

MACHAC O. (2013): Pavouci (Araneae), In: Tomas P. (eds.): Priroda Pobecvi.
CSOP Lipnik n. Beévou, pp. 106-109.

MACHAC O. (2013): Méné znamé druhy pavoukii — Hahnia picta Kulczynski,
1897. Pavouk 34: 2.

MACHAC O. (2013): Mén€ znamé druhy pavoukt — Tibellus macellus Simon,
1875. Pavouk 35: 3.

22



Ondfej Macha¢: Ekologie pavouki a sekact na specifickych biotopech v lesich

TuF I. H., HORA P., MACAT Z., MACHAC O., RENDOS M., TRNKA F. &
VOKALOVA A. (2013): Suitability of nail polish for marking the common rough
woodlouse, Porcelio scaber (Oniscidea). Acta Societatis Zoologicae Bohemicae
77: 159-163.

MACHAC O. (2012): Pfispévek k poznani pavoukii (Araneae) v EVL Libické
luhy. Prdace muzea v Koliné - Fada piirodovédnd, 10: 47
RUZICKA V. & MACHAC O. (2013): Pavouci Ceské republiky. Pavouk 35: 2.

MACHAC O. (2012): Dasumia carpatica (Kulczyifiski, 1882), malo znamy
karpatsky endemit. Pavouk 32: 4-5.

MACHAC O. (2012): Rozhovor s Pavlem Bezdéckou nejen o sekacich. Pavouk
32: 24-25.

MACHAC O. (2012): Méné znamé druhy pavoukd — Phlegra cinereofasciata
Simon, 1868. Pavouk 33: 5-6.

MACHAC O. (2012): Ptaci jako kofist pavouku. Pavouk 33: 8.
MACHAC O. (2011): Vodouch stiibtity ve Stramberku. Pavouk 31: 7.

MACHAC O. & ZEDEK M. (2011): Hahnia candida, novy druh pavouka pro CR.
Pavouk 31: 4.

MACHAC O. (2010): Nélez pavouka Comaroma simoni Bertkau, 1889 v Bilych
Karpatech (Ceska republika), Acta. Carp. Occ., 1: 101.

Popularizaé¢ni publikace

MACHAC O., TUF I. H., RADA S., TRNKA F., KOCAREK P. & KURAS T. (2018):
Bezobratli NP Ulu Temburong V. Ostatni bezobratli. Ziva 66 (3): 140-142.

RADA S., KOCAREK P., MACHAC O., MAZALOVA M., TRNKA F., TUF |. H.,
KURAS T. (2018): Bezobratli bornejského narodniho parku Ulu Temburong I'V.
Hmyz s proménou nedokonalou. Ziva 66 (2).

MAZALOVA M., RADA S., MACHAC O., KOCAREK P., TUF I. H., KURAS T.
(2018): Bezobratli bornejského narodniho parku Ulu Temburong III. Hmyz S
proménou dokonalou. Ziva 66 (1): 35-37.

KUNDRATA R., TRNKA F., GABRIS R., RADA S., MACHAC O., KOCAREK P., TUF
I.H., KURAS T. (2017): Bezobratli bornejského narodniho parku Ulu Temburong
1. Brouci. Ziva 65 (6): 304-307.

KURAS T., RADA S., KOCAREK P., MACHAC O., TUFI. H. (2017): Bezobratli
bornejského narodniho parku Ulu Temburong 1. Motyli. Ziva 65 (4): 181-184.

23



Ondrej Machac: Ekologie pavoukt a sekact na specifickych biotopech v lesich

MACHAC O. (2014): Osminozi obyvatelé Ceského raje. Od Jestéda k Troskdm.
Viastivédny sbornik Ceského rdaje 21(2): 142-143.

MACHAC O., TUF I. H. (2014): Aktuality: Neobvyklé chuté stirenek. Vesmir, 93:
672. (in Czech)

MACHAC O. & HANOVA A. (2011): Meduzka sladkovodni — prisvitna kraska z
Asie. Nase pfiroda 6: 67.

REZAC M. & MACHAC O. (2011): Evropsky pavouk roku 2011 — pokoutnik
nalevkovity, Ziva 59: 78-79.

HORA P., TUF I. H., MACHAC O., BRICHTA M. & Tufova J. (2009): Ekoton —
prosté rozhrant, ¢&i specificky biotop? Ziva 57: 25.

www. naturabohemica.cz —autor 602 profilti druhti v online atlase ¢eské ptirody.
Prispévky na konferencich

STASIOV S., ASTALOS B., FENDA P., DUPTACIK P., MACHAC O., MARSALEK P.,
MASAN P., MIHAL I., Mock A., ONDREJKOVA N., PURGAT P., SESTAKOVA A.,
Tajovsky K., TUF I. H. (2020): Kosce (Opiliones) Burdy. [Harvestmen
(Opiliones) of Burda.] In: Fenda, P. (Ed.): 18. Arachnologickéd konferencia.
Zbornik abstraktov. Slovenska arachnologicka spolo¢nost’ 0.z, Bratislava: 27.
(in Slovak)

MACHAC O., IVINSKIS P., RIMSAITE J. (2020): Vliv kormorani kolonie na
spolecenstva pavouk a sekac¢ti v NP Kurska kosa v Litvé. In: Bryja, J., Kuras
T., Tuf, I. H., Tkadlec, E. (eds.): Zoologické dny Olomouc 2020. Sbornik
abstraktfi z konference 6.-7. unora 2020. UBO AVCR, Brno: 125.

MACHAC O. (2020): Dosavadni znalosti o fauné CHKO Zelezné hory. Bryja, J.,
Kuras T., Tuf, I. H., Tkadlec, E. (eds.): Zoologické dny Olomouc 2020. Sbornik
abstraktt z konference 6.-7. inora 2020. UBO AVCR, Brno: 126.

VASICEK M., MALENOVSKY |., RADA S., MACHAC O., MLADEK J., KURAS T.
(2019): Vliv poloparazitickych rostlin a riznych zpusobti obhospodafovani na
spolecenstva pavoukovci (Arachnida) v druhové bohatych travnich porostech.
In Bryja J., Rehak Z. & Zukal J. (eds.): Zoologické dny Brno 2015. Sbornik
abstrakti z konference 12.—13. unora 2019: 152.

TuF I. H., MACHAC O., VILD O. (2019): When is suitable to rake leaf litter
according to myriapods? In: Danyi, L., Korsos, Z., Lazanyi, E. (eds.): 18th
International Congress of Myriapodology, Program and abstracts. Hungarian
Natural History Museum & Hungarian Biological Society, Budapest: 126.

TUFI. H., MACHAC O. (eds.): 11. ¢esko — slovensky myriapodologicky seminaf,

24



Ondfej Macha¢: Ekologie pavouki a sekact na specifickych biotopech v lesich

Nasavrkvy, CHKO Zelezné hory, 18.-20.9.2019. Sbornik abstraktii. Sprava
CHKO Zelezné hory & Univerzita Palackého v Olomouci, Olomouc, 20 pp.

STASIOV S., ASTALOS B., FENDA P., CUPTACIK P., MACHAC O., MARSALEK P.,
MASAN P., MHAL I., MOCK A., SESTAKOVA A., TAJOVSKY K., TUF I. H. (2018):
K prebiehajucemu vyskumu koscov (Opiliones) Burdy. In: Fend’a, P. (Ed.): 16.
Arachnologickd konferencia. Zbornik abstraktov. Slovenska arachnologicka
spoloénost’ 0.z., Bratislava: 33-34. (in Slovak)

HORNAK O., MACHAC O., BEDNAR M., SARAPATKA B., TUF I. H. (2018): Wood
fragments in rural landscape as potential source of biodiversity of ground
dwelling invertebrates. In: Kokofova, P., Bryndova, M., Tajovsky, K. (eds.):
14th Central European Workshop on Soil Zoology. Book of Abstracts with
Programme and List of Participants. Biology Centre CAS, Ceské Budgjovice:
47.

MACHAC O. (2018): Soil harvestmen in Central Europe. In: Kokotova, P.,
Bryndova, M., Tajovsky, K. (eds.): 14th Central European Workshop on Soil
Zoology. Book of Abstracts with Programme and List of Participants. Biology
Centre CAS, Ceské Budéjovice: 47

MACHAC O. (2018): Dosavadni poznatky o fauné pavoukt a sekactti v CHKO
litovelské Pomoravi. In: Bryja, J. (Eds.): Zoologické dny Praha 2018. Sbornik
abstraktd z konference 9.-10. unora 2018. Ustav biologie obratlovcit AV CR,
V.v.i,, Brno: 111.

MACHAC O. (2018): Co vime o zimovani pavouki v ptacich budkach.
Zoologické dny Praha 2018. Sbornik abstraktt z konference 9.-10. tinora 2018.
Ustav biologie obratlovetit AV CR, v.v.i., Brno: 112.

KOSTKAN V., TRNKA F., TUF I. H., MACHAC O., DANKOVA E. (2017):
Biodiverzita nakupniho centra Cerny most v Praze. [Biodiversity of shopping
mall Cerny most Centre in Prague.] In: Pavkova, V. (ed.): 3. Konference Nase
priroda 2017, Ptiroda ve mésté, Abstrakta. NasSe piiroda, z.s., Olomouc: 9-10.
(in Czech)

MACHAC O. (2017): Co ndm doma leze a 1éta aneb povidani o synantropnich
¢lenovcich. In: Pavkova, V. (ed.): 3. Konference Nase ptiroda 2017, Pfiroda ve
mésté, Abstrakta. NaSe pfiroda, z.s., Olomouc: 9-10. (in Czech)

MACHAC O., TUF I. H., SEBEK P., CiZEK L. (2017): Distribution of spiders
obtained by window flight traps on trunks in oak forests mosaic in Podyji
National Park. In: Goodackre S. (eds.): 30th European Congress of
Arachnology. Programme and Abstracts. Nottingham University, Nottingham:
100.

MACHAC O., TuF I. H. (2017): Tropické skleniky — mista pro zoologické
detektivy. [Tropical greenhouses — places for zoological detectives.] In: Bryja,

25



Ondrej Machac: Ekologie pavoukt a sekact na specifickych biotopech v lesich

J., Horsak, M., Horsakova, V., Rehak, Z., Zukal J. (Eds.): Zoologické dny Brno
2017. Sbornik abstraktd z konference 9.-10. tinora 2017. Ustav biologie
obratloveit AV CR, v.v.i., Brno: 126-127. (in Czech)

TuF I. H., HUDCOVA P., BLAZEK L., HORNAK O., MACHAC O., PAVELCOVA A.,
REZAC M., VAVERKA M. (2017): Effect of predators on behavior of terrestrial
isopods. In: Hornung, E., Mecsndber, M. (eds.): Abstract Book of the 10th
International Symposium on Terrestrial Isopod Biology. Hungarian Biological
Society, Budapest: 49.

HUDCOVA P., BLAZEK L., HORNAK O., MACHAC O., PAVELCOVA A., REZAC
M., VAVERKA M., TUF L. H. (2016): Strach ma velké oci, 1. Udrzuji si svinky
odstup od mravenct? In: Bryja, J., Sedlacek, F., Fuchs, R. (eds.): Zoologické
dny Ceské Budgjovice 2016. Sbornik abstraktii z konference 11.-12. tmora 2016.
UBO AVCR, Brno: 87.

MACHAC O. (2016): Spolecenstvo pavoukil v listovém opadu tropického lesa
v Bruneji. In: Bryja, J., Sedlacek, F., Fuchs, R. (eds.): Zoologické dny Ceské
Budéjovice 2016. Sbornik abstraktti z konference 11.-12. unora 2016. UBO
AVCR, Brno: 101.

TuF I. H., BLAZEK L., HORNAK O., HUDCOVA P., MACHAC O., PAVELCOVA A.,
REZAC M., VAVERKA M. (2016): Strach ma velké o&i, 2. Pozna stinka Sestiocku?
In: Bryja, J., Sedlacek, F., Fuchs, R. (eds.): Zoologické dny Ceské Budgjovice
2016. Shornik abstraktd z konference 11.-12. tinora 2016. UBO AVCR, Brno:
226.

HUDCOVA P., BLAZEK L., HORNAK O., MACHAC O., PAVELCOVA A., VAVERKA
M., REZAC M., TUF L. H. (2015): Boji se stejnonozci predatori? [Are woodlice
trembled of predators?] In: Tuf, I. H., Tajovsky, K. (eds.): 9. ¢esko — slovensky
myriapodologicky seminaf. Karlov pod Pradédem, CR, 28.-31. 5. 2015, Sbornik
abstraktti. Pfirodovédecka fakulta Univerzity Palackého v Olomouci, Olomouc:
6-7. (in Czech)

MACHAC O., HOLEC V. & TRNKAF. (2015): Tovacovska Stérkovna jako utocisté
pro vzacné druhy bezobratlych. In Bryja J., Rehak Z. & Zukal J. (eds.):
Zoologické dny Brno 2015. Sbornik abstraktti z konference 12.-13. tinora 2015:
152.

MACHAC O., TUF |. H. (2015): Distribution of spiders and harvestman on tree
trunks in town and forest. In: Pekar, S., MaSova, S. (eds.): 29th European
Congress of Arachnology. Programme and Abstracts. Masaryk University &
Czech Arachnological Society, Brno: 110.

MACHAC O. (2015): Caviphantes saxetorum (Hull, 1916) - first record from the
czech republic and notes about its ecology and distribution. In: Tajovsky, K.
(ed.): 13th Central European Workshop on Soil Zoology. Abstract Book with

26



Ondfej Macha¢: Ekologie pavouki a sekact na specifickych biotopech v lesich

Programme and List of Participants. Institute of Soil Biology, Biology Centre,
ASCR, v.v.i., Ceské Budgjovice: 10.

MACHAC O., TUF 1. H. (2014): Ekofaunistické srovnani spolecenstev pavouk
na kmenech stromil ve mésté a v lese. [Spider communities on tree trunks in city
and forest — ecofaunistical comparison.] In: Bryja, J., Drozd, P. (eds.):
Zoologické dny Ostrava 2014. Sbornik abstraktii z konference 6.—7. tinora 2014:
123-124. (in Czech)

CHMELIK V., MACHAC O., CAP L., SARAPATKA B., TUF I. H. (2013): Are
surface-dwelling invertebrates influenced by water erosion? Provisional results
from the first year of investigation. In: Tajovsky, K. (ed.): 12th Central European
Workshop on Soil Zoology. Abstract Book with Programme and List of
Participants. Institute of Soil Biology, Biology Centre, ASCR, v.v.i., Ceské
Budgjovice: 16.

Tur I. H., HORA P.,, MACAT Z.,, MACHAC O., RENDOS M., TRNKA F.,
VOKALOVA A. (2011): Stability and toxicity of polish nail marks on Porcellio
scaber. In: Tajovsky, K. (ed.): 11th Central European Workshop on Soil
Zoology. Abstract Book with Programme and List of Participants. Institute of
Soil Biology, Biology Centre, ASCR, v.v.i., Ceské Budg&jovice: 50.

HORA P., BRICHTA M., MACHAC O., TUFOVA J., TUF I. H. (2010): Epigeon na
ekotonu — stanovisté nebo pouhé rozhrani? [Ground dwelling fauna at ecotone —
a biotop or interface?] In: Bryja, J., Zasadil, P. (eds.): Zoologické dny Praha
2010. Sbornik abstraktt z konference 11.—12. unora 2010: 89-90.

HORA P., MACAT Z., MACHAC O., RENDOS M., TRNKA F., VOKALOVA A., TUF
I. H. (2010): Znaceni ptidnich bezobratlych: jak dlouho vydrzi a jak rychle
zabiji? [Marking of soil invertebrates — shelf life and toxicity.] In: Bryja, J.,
Zasadil, P. (eds.): Zoologické dny Praha 2010. Sbornik abstraktti z konference
11.-12. tnora 2010: 89.

TUF . H.,, MACHAC O., MISURCOVA J., GRINVALD M. (2010): Distribution of
epigeic spiders (Arachnida: Araneae) in the forest mosaic. In: Zabka, M. (ed.):
Book of Abstracts, 18th International Congress of Arachnology 2010, Siedlce,
Poland. University of Podlasie & International Society of Arachnology, Siedlce:
449-450.

27



	Introduction 
	Materials and Methods 
	Results 
	Assemblages of Spiders in Nesting Boxes 
	Effect of Tree Species and Bunging Nesting Boxes 
	Effect of Temperature on the Nesting Box Resettlement by Spiders 
	Effect of Presence of Nest Material on Spider Abundances 

	Discussion 
	Conclusions 
	
	References

