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Anotace:

HOSTINSKA, L. Ekologie samotdriskych véel hnizdicich v ulitich plzi a jejich
viiv na ubytek stepnich druhu. Hradec Kralové, 2022. Dizerta¢ni prace na
Ptirodovédecké fakulté Univerzity Hradec Kralové. Vedouci dizertacni prace Petr

Bogusch, 50 s.

Cilem této prace bylo studium druhti vcel hnizdicich v prazdnych ulitach terrestrickych plzt
a vyhodnoceni jejich zastoupeni na pfirozenych stepnich lokalitdich a pfrilehlych
postindustridlnich stanovistich. Dale byla provedena studie o zménach pocetnosti ulitovych
druhti v¢el v porovnani se stepnimi véelami hnizdicimi v zemi, s cilem zjistit, jaky management
je vhodny pro zachovani stepi a stepnich druhii ve sttedoevropské krajin€. Zatimco se vcely
hnizdici v ulitdch rozsitily na vice lokalit a zvétSily své populace, vcely hnizdici v zemi z fauny
CR ubyvaji. Diivodem zmén je nepiiznivy management stepi zptsobujici jejich postupné
zarustani. To vede k n¢kolika aspektim — vétsi Sifeni plza preferujicich zarostlé lokality a s tim
souvisejici vy$$i dostupnost hnizdniho zdroje pro ulitové druhy a zaroveil absence holych
pudnich ploch, a tedy Ubytek hnizdnich zdroji pro druhy hnizdici v zemi. Dal§im divodem
roz$ifeni ulitovych druhi vcel je postupné st€hovani plzd i na rizna antropogenni stanovisté
a schopnost nékterych ulitovych druhi véel je na tato mista nasledovat. Dale byla zkoumana
specializace jednotlivych druhti v€el na ulity konkrétnich druhd plzh, vzhled jejich hnizd,
pylové preference a parazitoidi a kleptoparaziti u jednotlivych druhii. Zaméfili jsme se
predev§im na druhy vyskytujici se v CR a &tyfi evropské druhy rodu Rhodanthidium, krom toho
jsme popsali hnizdni biologii jihoevropskych druhti H. fertoni a O. ferruginea. V ramci
vyzkumt vznikl i prvni uceleny piehled hmyzu, ktery pfezimuje v prazdnych ulitach ve stfedni

Evropé¢.
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Annotation:

HOSTINSKA, L. Ecology of solitary bees nesting in empty snail shells and their
influence on decrease of steppe specialists. Hradec Kralové 2022. Dissertation at
Faculty of Science University of Hradec Kralové. Dissertation Supervisor Petr

Bogusch, 50 p.

The aim of this survey was to study the bees nesting in empty shells of terrestrial gastropods
and to evaluate their abundances in natural steppic habitats and neighbouring postindustrial
sites. Part of this survey was also the study on the changes of abundances of these species in
comparison with bees nesting in soil, with the main aim to find out the appropriate management
for conserving the steppes and steppic species in central European landscape. While the bees
nesting in empty gastropod shells colonized new areas and formed stronger populations, the
ground-nesting bees are disappearing from the fauna of the Czech Republic. The reasons of
these changes are unfavourable nature conservation management practices resulting in the
successional shifts of steppic formations towards shrubs and mesic grasslands. It leads to
several aspects — greater distribution of snails preferring overgrown habitats and the related
increase of the number of available gastropod shells (i.e. nesting resources for shell-nesting
bees) and the absence of bare ground (i.e. loss of nesting resources for ground-nesting bees).
Another reason for spreading of shell-nesting bees is the gradual settling of several snail species
in various anthropogenic sites and the ability of some shell-nesting bees to follow them to this
places. Also the preferences of bees nesting in empty gastropod shells was studied, as well as
the morphology of nests, pollen specializations, and biology and host specificity of the
parasitoids and cleptoparasites. We focused especially on the species distributed in the Czech
Republic and four European species of the genus Rhodanthidium. We also described the nesting
biology of south-european species Hoplitis fertoni and Osmia ferruginea. The complete profile
of insects that use empty terrestrial snail shells during the winter period in Central Europe was

created during our research, too.

Key words:
Megachilidae, Osmia, Rhodanthidium, nest structure, snail shell, steppe habitat, cleptoparasite,

parasitoid
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1 UVOD

Disertacni prace je zaméfena na samotaiské véely hnizdici v prazdnych ulitdch plzi.
Teoreticka ¢ast obsahuje ¢tyfi hlavni kapitoly. Ta prvni, S ndzvem Hnizdni specializace vcel,
strucné shrnuje zplisoby hnizdéni vcéel v riiznych substratech a zminuje také hnizdni parazity,
ktefi ke kladeni vaji¢ek vyuzivaji hnizda jinych druha vcel.

Kapitola Vcely vulitich poukazuje na systematické zarazeni vcel vyuzivajicich
k hnizdéni ulity a popisuje rizné zptisoby stavby hnizda a manipulace s ulitou u véel nalezicich
do riznych druhii a rodd s ddrazem na vcely vyskytujici se v Palearktu. Daéle jsou zde
vyjmenovany druhy vyskytujici se v Ceské republice, se kterymi podrobné seznamuji nésledné
podkapitoly. V textech u jednotlivych druhti jsou shrnuty doposud znamé informace z odborné
literatury i poznatky z nasich vyzkumd.

Kapitola Paraziti v ulitich pojednavd zejména o zahadlovych blanokiidlych
kleptoparazitech a parazitoidech, ktefi se vyskytuji u ulitovych véel v Ceské republice.
Konkrétné se jedna o kukac¢i veelu Stelis odontopyga Noskiewicz, 1926, tfi druhy zlatének
rodu Chrysura Dahlbom, 1845 a drvenku Sapyga quinquepunctata (Fabricius, 1781). Okrajové
zminuje 1 dal8i zéstupce fadi Hymenoptera, Diptera a Coleoptera parazitujici v ulitovych
hnizdech samotarskych vcel. Informace z literatury jsou zde opét doplnény o naSe vlastni
poznatky.

Kapitola Dalsi blanokf#idli hnizdici v ulitdch poukazuje na jiny blanoktidly hmyz kromé
véel, ktery miZze k hnizdéni vyuZivat ulity, a to bud’ jen fakultativné, nebo piimo obligatné.
Konkrétné se vénuje Sesti druhtim hrabalek celedi Pompilidae a tfem druhiim hrncifek rodu
Leptochilus de Saussure, 1853 (Celed” Vespidae). Okrajové zminuje také nékteré zastupce
mravenci rodd Myrmica Latreille, 1804 a Temnothorax Mayr, 1861 (Celed’ Formicidae).
Pievazna vétsina zde uvedenych druhi se vyskytuje i na izemi Ceské republiky.

V Piilohéch je predstaveno Sest ¢lankl publikovanych v ¢asopisech s impakt faktorem.
Béhem studia jsme se zaméfili na n€kolik hlavnich témat. ZjiStovali jsme specializaci veel na
ulity konkrétnich druhti plzt, hostitelskou specificitu zde parazitujicich zlatének a dalSich
parazitoidi a kleptoparazitl, zkoumali jsme ekologické preference ulitovych druhi vcel a také
jsme sledovali zmény vyskytu druhit hnizdicich v ulitach v porovnani s druhy, které hnizdi
V zemi. Mimo to nas zajimalo, jak pfesné¢ vypadaji hnizda v ulitach jednotlivych druhi vcel,

Vv jakém stadiu tyto véely piezimuji nebo které rostliny vyuzivaji jako zdroj pylu a nektaru.



Vyzkumy jsme orientovali pfedev§im na druhy vyskytujici se v CR a dale na evropské druhy
rodu Rhodanthidium Isensee, 1927, okrajov¢ pak i na dalsi ulitové druhy.

Nejprve jsme se zaméfili na vybrané skupiny hmyzu a pavouky na pfirodnich
stanoviStich (stepi a lesostepi) a blizkych postindustrialnich biotopech. Cilem bylo zjistit, zda
K rozsifeni hmyzu vyuzivajiciho ulity z pfirodnich stanovi§t' na antropogenni s obdobnymi
podminkami staci pouze samotny vyskyt téchto prazdnych ulit. Vyzkum spocival v zimnim
sbéru ulit, jejich roztfidéni dle druhti plzi a ponechani v laboratornich podminkach. Vylihly
hmyz jsme pravidelné odebirali, fixovali v ethanolu a nasledn¢ ur¢ili. Vysledky vyzkumu viibec
poprvé piinesly rozsahlejsi ptehled stiedoevropského hmyzu vyuzivajiciho prazdné ulity
k prezimovani a hnizdéni (Bogusch a kol. 2019).

Nas dalsi vyzkum se uz zaméfil pfimo na vcely a byl postaven na manipulativnim
experimentu, kdy jsme na zvolené ptirodni i antropogenni lokality s pfirozené se vyskytujicimi
ulitami umistili ulity barevné oznaCené. Na mist¢ jsme je ponechali po dobu hnizdéni
studovanych druhti. Po nésledném sesbirani byly ulity rozebrany a v piipad¢ nalezeni hnizda
byl zaznamenan druh plze, popsana struktura tohoto hnizda, dospéli jedinci byli fixovani
Vv ethanolu, juvenilni pfemisténi do mikrozkumavek k dolihnuti, déle jsme z hnizda odebrali
vzorky pylu a pfipadnych plisni a odeslali je na analyzu. Zminény experiment navic piinesl
odpovéd na otdzku, zda mohou byt prazdné ulity na lokalit¢ limitujicim zdrojem pro
specializované druhy zahadlovych blanokiidlych (Heneberg a kol. 2020).

Jelikoz druhy vcel hnizdici v ulitdch se v poslednich letech nalézaji mnohem c¢astéji nez
diive a v novém cerveném seznamu (Straka & Bogusch 2017) vétSina z nich jiz v zadné
z kategorii ohroZenosti neni, zamé&fili jsme se na zmapovani vyskytu téchto druhd a jejich
paraziti v minulosti (do roku 1990) a v soucasnosti. Na zaklad€ faunistickych dat jsme
zpracovali mapy rozsifeni druhti, vyhodnotili jejich mozné arealy rozsifeni na tizemi Ceské
republiky v minulosti a v soucasnosti a toto srovnali se v¢elami rodu Eucera Scopoli, 1770,
které se vyskytuji také pfedev§im na stepnich stanovistich, ale hnizdi v zemi (Bogusch a kol.
2020a).

Samotéaiské vcely slouzi jako dileziti opylovaci voln€ rostoucich 1 clovékem
péstovanych rostlin. Nékteré druhy téchto samotaiskych vcel tvofici silné populace
na otevienych stanoviStich v Evropé hnizdi v prazdnych ulitdich plz. Dulezitost piirodé
blizkych stanovist’ s pfitomnosti prazdnych ulit pro pfitomnost v ulitach hnizdicich vcel (a vos)
jsme zkoumali na ptirodé blizkych 1 ruderalnich stanovistich sousedicich s mandloniovymi sady
nedaleko mésta Lleida v severovychodnim Spanélsku. Nasim cilem bylo také zjistit, na jakych

typech stanovist se ulitové veely vyskytuji a jaké jsou rozdily mezi jejich zastoupenim podle
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typu lokality a druhu ulity. Dale nas zajimala také hnizdni bionomie jednotlivych druht. Na
lokalitach jsme provedli manipulativni experiment s nastrazenymi barevné oznacenymi ulitami,
ziskana data jsme pak pro kazdou lokalitu porovnali s ndlezy hnizd vcel v pfirozené se
vyskytujicich ulitich (Bogusch a kol. 2020Db).

Mezi samotarské véely hnizdici v ulitaich ve Stfedomofi patii druhy Hoplitis fertoni
(Pérez, 1891) a Osmia ferruginea Latreille, 1811. Na vySe uvedenych lokalitach
u mandlonovych sadii jsme ziskali vét$i mnozstvi hnizd od téchto dvou druhti. Jejich hnizdni
biologie byla dosud popsana jen ¢asteéné. Pro kazdy druh jsme zaznamenali hnizdni strukturu
(napf. pocet hnizdnich komtirek, material pouzivany na zatku a pfepazky), preferovany druh
ulit a na zakladé pylovych analyz také pylovou specializaci. V nékterych hnizdech jsme objevili
parazity, a to povétSinou druhy, které u téchto vcel nebyly doposud pozorovany (Bogusch a kol.
2020c).

V neposledni fadé jsme se zaméfili na evropské druhy rodu Rhodanthidium. O hnizdni
biologii téchto druhti nebylo doposud ptili§ znamo a vétSina publikovanych dat pochazela
Z hodné starych zdrojt. V ramei studii ulitovych véel ve stfedni Evropé a ve Spanélsku jsme se
zam¢étili na strukturu hnizd, preferované druhy ulit, parazity a pylovou specializaci vSech ¢ty

druhii tohoto rodu, které hnizdi v prazdnych ulitdch (Hostinska a kol. 2021).
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2 TEORETICKA CAST

2.1 Hnizdni specializace vcel

Veely (Apiformes) hnizdi v rozmanité Skale substrati. VéEtSina si stavi hnizda v zemi,
ale mnoho z nich si vytvari dutiny pro hnizdéni ve dievé ¢i v mékké dieni stonkd, jiné druhy
jako jsou duta stébla, pfirozené dutiny ve skalach ¢i mezi kameny, staré brouci chodby,
opusténa hnizda jinych blanokfidlych, prazdné ulity plzii nebo staré halky. Nékteré druhy
kladou vajicka do hnizd jinych druhti véel a sva vlastni si nestavi (Westrich 2018, Danforth
a kol. 2019).

Vétsina hnizdicich v¢el nanasi na stény svych plodovych bunck sekrety vlastnich Zlaz,
n¢které pouzivaji rostlinné oleje, mnoho vcel z ¢eledi Megachilidae pouziva ke stavbé hnizda
razné kombinace jilu, pisku, kaminkl a rostlinného materialu, jako jsou listové tkrojky ¢i
rozzvykana listova pasta, okvétni platky, rostlinné trichomy nebo pryskytice (Michener 2007,
Danforth a kol. 2019).

U hnizd vytvofenych v zemi se konkrétni vzhled 1isi v zavislosti na druhu vcely.
Obvykle je tvofeno hlavni, vertikalni, chodbou, na kterou se napojuji chodby vedlejsi. Na konci
kazdé z téchto vedlej$ich chodeb Casto byva jedind hnizdni komurka, nékdy ale mohou byt
komirky seskupeny dohromady. Vedlejsi chodby mohou byt v zavislosti na druhu rizné dlouhé
a vedené z hlavni chodby pod riiznym thlem. U nékterych druhl se vyskytuje jen jedina
komurka, hnizda dalsich druhti obsahuji i slepé chodby bez komurek, samice né¢kterych druhti
zase vynasi vyhrabanou zeminu na povrch, kde vchod do hnizda oznacuji tzv. tumulem,
ptipadné kominem (Antoine & Forrest 2020). N¢které druhy véel vyuzivaji také jiz v zemi
existujici dutiny (Macek a kol. 2010).

Hnizda ve dfevé jsou oproti podzemnim hnizdim obvykle tvofena jedinou chodbou, ve
které jsou v fad¢é za sebou vystavény plodové bunky oddélené piepazkami. Vzhledové se
mohou liSit podle druhu, vétSina je vSak zavisld na tvaru jiZ existujici plivodni dutiny. Jen
n¢kolik malo druhi si umi dutinu vykousat samo (Bogusch & Horak 2018).

Hnizda ve stoncich tvofi taktéz jedind chodba s plodovymi buitkami uspofadanymi
linearné. Nékteré druhy vcel hnizdi v dutych stoncich (naptiklad rakosovych stéblech), jiné si

samy vykusuji dutiny do mékké diené€ lodyh ¢i vétvicek (Michener 2007, Mikat a kol. 2021).
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Hnizda ve skalach u druht, které si zde dutiny hloubi samy, mohou byt tvofena hlavni
chodbou vétvici se na dalsi chodby vedlejsi, ve kterych jsou jednotlivé plodové komirky
umistény linearn¢. Podminky k hnizdéni jsou zde rizné v zavislosti na podkladu (pisek, stérk,
jil, spras) a expozici. Krom skal mohou vcely osidlovat také hlinéné zdi a spary v suchych
kamennych zidkach. Nekteré druhy vcel si chodby ve skalach hloubit neumi a vyuzivaji dutiny
jiz vytvotrené (Westrich 2018).

Druhy hnizdici v halkach nejcastéji vyuzivaji staré halky vytvorené zelenuskou Lipara
lucens Meigen, 1830 (Chloropidae, Diptera) na stéblech rakosu obecného (Phragmites
australis). Nékteré druhy hnizdi v halkach obligatné, jiné pro stavbu hnizda vyuzivaji i jiné
dutiny (Bogusch a kol. 2015, Astapenkova a kol. 2017). Hnizdni komurky jsou zde uspotadany
linearné (Bogusch a kol. 2015).

Ulitové veely vykazuji velké rozdily v hnizdéni, at’ uz se jedné o preferovany typ ulity,
pocet plodovych bunck ¢i prazdnych komtrek nebo pouzivany material (napt. Miiller 2021).
Nékteré druhy po vytvoreni hnizda s ulitou jiz nemanipuluji ani ji neskryvaji, jiné ji naopak
zakopavaji nebo alesponi pokryvaji rostlinnym materidlem (Danforth a kol. 2019).

Hnizda nékterych druht z ¢eledi Megachilidae mohou byt umisténd na povrchu skal,
zdi, stonk ¢i listd a sestavaji z n¢kolika bun¢k vytvotenych naptiklad z pryskyfice, pryskytice
a kaminkd, listové hmoty nebo jilu (Michener 2007). Napiiklad hlinénd hnizda mohou byt
tvofena ze smési pisku a CasteCek zeminy a impregnované slinami (Michener 2007),
pryskyfi¢na hnizda byvaji vystavéna z pryskyftice a malych kaminkt (Michener 2007, Bogusch
& Horak 2018), n€kdy také s vtrousenymi kousky kiiry (Macek a kol. 2010).

Do skupiny Apiformes patii 1 kleptoparazitické druhy (tzv. kukac¢i vcely), které si
nestavi hnizda, ale kladou vaji¢ka do hnizd jinych druhti samotatskych vcel (Wiesbauer a kol.
2020). Larva parazita se v tomto piipad¢ zivi na potravnich zasobach, které byly puvodné
nashromazdény pro hostitelskou larvu, tedy pylem a nektarem (Michener 2007).
V parazitované plodové buiice se vyviji pouze larva kukacci vcely, potomstvo hostitele je
zneSkodnéno — bud’ je vajicko ithned odstranéno jiz samici kleptoparazita, nebo je vajicko ¢i
vylihla larvicka hostitele eliminovana az samotnou kleptoparazitickou larvou (Antoine
& Forrest 2020).

U socialnich druht vcel se vyskytuji socialni paraziti (Michener 2007). Ti si uzurpuji
hnizda svych hostiteld, hostitelské délnice pak vychovavaji larvy parazita a nékdy také zabijeji

svou puvodni (hostitelskou) kralovnu (Antoine & Forrest 2020).
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2.2 Vcely v ulitach

Na celém svété je odhadem 20 000 druhti véel zarfazenych do 7 ¢eledi (Michener 2007),
v prazdnych ulitach hnizdi v¢ely pouze z ¢eledi Megachilidae. Tato ¢eled’ zahrnuje celosvétove
ptes 4 000 druhti z vice jak 70 rodd, které jsou fazeny do 7 tribt (Michener 2007, Ascher
& Pickering 2020). Hnizdéni v ulitach bylo v ramci ¢eledi Megachilidae pozorovano pouze
u dvou triba (Osmiini a Anthidiini) a celkem 7 rodi — 5 rodu z tribu Osmiini (Ashmeadiella
Cockerell, 1897, Hoplitis Klug, 1807, Osmia Panzer, 1806, Protosmia Ducke, 1900, Wainia
Tkalcu, 1980) a2 rody ztribu Anthidiini (Afranthidium Michener, 1948, Rhodanthidium)
(Miiller a kol. 2018, Danforth a kol. 2019).

Nejvétsi mnozstvi druhli véel hnizdicich v ulitach je u tribu Osmiini — celosvétove
celkem 52 druhti patticich do 5 rodt a 14 podrodut. Z toho palearktickych druhi tribu Osmiini
je 43 (nalezicich do 4 rodt). Da se tedy fici, Ze pievazna vétsina veel z tribu Osmiini hnizdicich
v ulitaich se vyskytuje v Palearktu. Ve vétsiné ptipadt se jedna o specialisty na hnizdéni
Vv ulitach, jen v n€kolika malo ptipadech mohou druhy vyuZzivat i jiné hnizdni zdroje (Miiller
a kol. 2018).

U tribu Anthidiini bylo pozorovano hnizdéni v ulitach pouze u 4 palearktickych druht
rodu Rhodanthidium (Erbar & Leins 2017, Baldock a kol. 2018, Westrich 2018, Romero a kol.
2020, Hostinska a kol. 2021) a 2 afrotropickych druhti rodu Afranthidium (Gess & Gess 2008,
2014).

Mimo tyto dva triby existuje jediny zaznam o hnizdéni v ulité u véely druhu Megachile
lefebvrei (Lepeletier, 1841), ktera patii do tribu Megachilini a obvykle si stavi hnizda
vV mezerach v kamenech a skalach, fakultativné vSak miZze vyuZit také prazdné ulity (Miiller
a kol. 2018).

Hnizdéni v ulitach je podrobné zdokumentovano zejména u palearktickych druhi z tribu
Osmiini, konkrétn¢ se jedna o 4 rody (Hoplitis, Osmia, Protosmia a Wainia) a 43 druhd, z nichz
32 hnizdi v ulitach obligatné (nebo se to alespon predpoklada) a 9 fakultativné, u 2 druht zatim
k podobnému zavéru neni dostatek informaci (Miiller a kol. 2018, Miller 2021).
Z palearktickych druhil z tribu Anthidiini bylo hnizdéni v ulitdch pozorovano u 4 druhii rodu
Rhodanthidium, ve vétsiné piipadu se dle dostupnych informaci jednd o hnizdéni obligatni
(Kasparek 2019, Hostinska a kol. 2021). Pouze u druhu R. sticticum (Fabricius, 1787) bylo

pozorovano vyjimecné zahnizdéni i v jiném typu dutiny, konkrétné v papirovych trubickach.
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Struktura téchto hnizd se shodovala se strukturou hnizd stavénych timto druhem v ulitich
(Bosch a kol. 1993).

Hnizdo v ulité sestava z plodovych komtrek oddélenych od sebe piepazkami, vchod
byvéa Casto uzavien silné€jsi zatkou. Pocet komirek miize byt rtizny, Casto je jen jedna, u druhu
Osmia aurulenta (Panzer, 1799) jich vSak bylo zaznamenano az 17. Plodové buiiky jsou
vétSinou uspotradany za sebou, u vétsich ulit mohou byt nékteré umistény i1 vedle sebe (Miiller
2021).

Ptepazky mezi komurkami i zatka mohou byt z riznych pfirodnich materialt. Nékdy
jsou piirodnim materialem oblozené i stény plodovych bunék (obzvlast u vétSich ulit).
Pouzivana hmota se mezi jednotlivymi rody lisi, dle dostupnych informaci pouzivaji n¢které
zednice rodu Hoplitis jil, ktery mtize byt nékdy smichany s malymi kaminky (Bogusch a kol.
2020c, Miiller 2021). Jiné druhy ze stejného rodu stavi hnizda s pouzitim smési listové pasty
a zrn pisku, pfipadné pouZzivaji okvétni platky (Miiller a kol. 2018). Zednice rodu Osmia
pouzivaji ke stavbé prepazek nejCastéji pastu z rozzvykanych listi (n¢kdy také smichanou
S piskem). Uzavér hnizda muze sestavat z nékolika vrstev, kdy na posledni piepazku
z rozzvykanych listl navazuje zatka, kterd krom listové duziny mize obsahovat napiiklad
i malé kaminky, ulomky ulit, ¢astecky zeminy ¢i piskova zrna. Nékdy je prostor mezi dvéma
poslednimi prepazkami (neboli piepazkou a zatkou) z rozzvykané listové hmoty vyplnén
vrstvou husté¢ nahlouCenych kaminkl a dalSich drobnych materialii. Nékteré zednice rodu
Osmia, které hnizdi v ulitach fakultativné (napt. O. bicornis (Linnaeus, 1758), O. cornuta
(Latreille, 1805) a O. tricornis Latreille, 1811), pouzivaji misto listové hmoty jil. Druhy rodu
Protosmia stavi hnizdo pomoci pryskytice, druhy rodu Wainia pomoci velkych kust okvétnich
listkd, nebo zrnek pisku slepenych dohromady hmotou pfipominajici pryskyfici (Miiller a kol.
2018, Miiller 2021). Druhy rodu Rhodanthidium pouZzivaji pryskyfici smichanou s kousky
pisku, ulomky ulit a suchym rostlinnym materialem (Hostinska a kol. 2021).

Nékteré druhy s ulitou po zahnizdéni manipuluji, otaci ji ustim doli, presouvaji ¢i
zahrabavaji, jiné ji nechavaji na misté a nehybou s ni. Samice nékterych druht na ulitu po
vytvofeni hnizda nanesou pastu z rozzvykanych listi, pfipadné ji celou zakryji (Miiller 2021).

V Ceské republice hnizdi obligatng v ulitach 6 druhii véel ze 2 rodti a 6 podrodil. Jsou
to Osmia (Allosmia) rufohirta Latreille, 1811, Osmia (Erythrosmia) andrenoides Spinola, 1808,
Osmia (Helicosmia) aurulenta (Panzer, 1799), Osmia (Hoplosmia) spinulosa (Kirby, 1802),
Osmia (Neosmia) bicolor (Schrank, 1781) a Rhodanthidium (Rhodanthidium) septemdentatum
(Latreille, 1809) (Macek a kol. 2010, Bogusch & Horak 2018, Bogusch a kol. 2020a, Miiller
2021). V ¢erveném seznamu z roku 2005 byly 4 z téchto 6 druhi uvedeny jako druhy ohrozené
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(EN) — konkrétné¢ se jednalo o druhy O. rufohirta, O. andrenoides, O. bicolor
a R. septemdentatum (Straka 2005). V nejnovéjsim Cerveném seznamu z roku 2017 figuruje jiz
jen jeden druh, O. andrenoides, a to jako druh kriticky ohrozeny (CR) (Straka & Bogusch
2017).

Velikosti ulit naSich plzi se pohybuji v rozmezi od 1,5 mm do 4 cm (Horsak a kol.
2013), k hnizdéni jsou vSak vhodné pouze schranky velkych plzu. Pro lepsi piehlednost jsou
dale v textu ve vztahu K hnizdéni rozliSované ulity malé, stiedni a velké, toto oznaceni vSak
odkazuje pouze na rozsah velikosti ulit vhodnych k hnizdéni, nikoliv na rozsah velikosti vSech

ey

ulit (nejen) u nés zijicich plzi.

2.2.1 Osmia (Allosmia) rufohirta Latreille, 1811

Druh preferuje oteviena, nezarostla mista (Bogusch a kol. 2020a) na vapenatém podloZi.
Osidluje vnitrozemské duny, skalnaté svahy, rozsahle spasana nebo ladem lezici viesoviste,
opusténé lomy, ale také kamenité naspy silnic (Westrich 2018).

Hnizdi vyhradné v prazdnych ulitdch plzid, z ulit vhodnych k hnizdéni si vybird ty
s malou az stfedni velikosti (Miiller 2021), k hnizdéni tedy preferuje schranky suchomilek
Xerolenta obvia (Menke, 1828) nebo Helicella itala (Linnaeus, 1758) ¢i paskovek napt. rodu
Cepaea Held, 1838 (Bellmann 1981, Bogusch a kol. 2019, Heneberg a kol. 2020), byl nalezen
také v ulitach Monacha cartusiana (O. F. Miiller, 1774) (Bogusch a kol. 2020a). Miiller (2021)
navic uvadi i ulity plzti rodd Bulimus J. G. Bruguiére, 1792, Candidula Kobelt, 1871, Helicopsis
Fitzinger, 1833, Pomatias Studer, 1789, Theba Risso, 1826 nebo Zebrina Held, 1838.

Po spéteni samice vyhled4 prazdnou ulitu, kterou nejprve premisti na vhodnéjsi misto.
Pfi transportu si pomaha kusadly, kterymi se pfichycuje stébel travy a dalSich pfedmétii v okoli.
Ulitu uchopi do nohou, pomoci kusadel se vzepte a pfetoci. Ulitu takto pfepravi na vzdalenost
od 0,2 m do 1 m. Tam ji poté pokryje rozzvykanym rostlinnym materidlem a za¢ne hnizdo
zasobit pylem a nektarem (Bellmann 1981, Westrich 2018). Miiller (2021) tvrdi, Ze k pfemisténi
ulity pfed hnizdénim dochdzi vzacné, Castéjsi je transport po uzavieni hnizda, a to az do
vzdalenosti 2,2 m. Westrich (2018) uvadi, Ze samice miiZze pfesouvat ulitu pfed zapocetim
hnizdéni 1 po dokonceni hnizda.

O. rufohirta nevytvaii pted prvni plodovou bunikou (smérem dovnit ulity) zadnou
piepazku (Bellmann 1981). Jesté, nez na zasoby naklade vajicko, piipravi si samice dalsi
rozzvykanou rostlinnou pastu, kterou si nahromadi v misté budouci pfepazky na konci komirky

(Bellmann 1981, Westrich 2018). Prostor mezi pylovymi zdsobami a budouci piepazkou ma
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délku 5—8 mm (Bellmann 1981). Nasledn¢€ na potravni zasoby umisti vajicko a plodovou buiiku
uzavie (Bellmann 1981, Westrich 2018). Hnizda obvykle obsahuji pouze jedinou hnizdni
komurku (Bellmann 1981, Miiller a kol. 2018, Westrich 2018, Miiller 2021).

Za prepazku z listové duziny jsou nahromadény drobné kaminky a hrudky zeminy, za
kterymi nasleduje zatka ze stejného materialu jako predesla prepazka (Bellmann 1981, Miiller
a kol. 2018, Westrich 2018). Uzavér hnizda ma tedy tfi vrstvy, pfi¢emz ty krajni, utvotené
Z rozzvykané listové hmoty, uzaviraji prostfedni vrstvu z nashromézdéného mineralniho
materidlu (Westrich 2018, Miiller 2021). Prostor s kaminky mezi pfepazkou a zatkou je Siroky
2-5 mm (Bellmann 1981). Krom listd miize na rostlinnou pastu pro prepazku a zatku pouzivat
také okvétni platky (Miiller 2021).

Dokon¢ené hnizdo je ukryto na bezpeéné misto, napt. pod vegetaci ¢i kameny
(Bellmann 1981, Miiller a kol. 2018, Westrich 2018). Ulity mohou byt také alespoil ¢aste¢né
zahrabany do zem¢ (Miiller a kol. 2018, Bogusch a kol. 2020b, Miiller 2021).

Dospélci se lihnou uz koncem léta, zlstavaji ale uvnitt hnizda a v ulité¢ piezimuji
(Bellmann 1981, Miiller & Richter 2019).

Jedna se o polylekticky druh preferujici celed’ Fabaceae (Gogala 1999, Westrich 2018,
Miiller 2021), ale sbirajici pyl a nektar také na rostlinach celedi Asteraceae, Brassicaceae,
Cistaceae, Campanulaceae, Boraginaceae, Convolvulaceae a Lamiaceae (Miiller 2021).

Dle dosavadnich pozorovani se zde nevyskytuje zadny hnizdni parazit (Westrich 2018).
Dle Bellmanna (1981) do hnizd klade vaji¢ka parazitoid Chrysura cuprea (Rossi, 1790),
Wiesbauer a kol. (2020) uvadgji jesté druh Chrysura dichroa (Dahlbom, 1854).

2.2.2 Osmia (Erythrosmia) andrenoides Spinola, 1808

Jedna se o pomérné€ vzacny druh vyskytujici se v teplejsich oblastech (Miiller & Richter
2019). Upfednostiuje extrémné kamenita stanovisté, ktera jsou kvili svému jiznimu pusobeni
obzvlasté suchd a béhem léta velmi horkd (Westrich 2018). Hnizdi na kamenitych suchych
svazich, skalnich stepich, zvétravajicich haldach kameni i §térkovych polich (Westrich 2018,
Miiller & Richter 2019).

Hnizda si stavi vyhradné v prazdnych ulitdch plzi (Gogala 1999, Miiller a kol. 2018),
vybira si schranky malych az stfedné velkych druhti, napi. Cepaea hortensis (O. F. Miiller,
1774), Cernuella neglecta (Draparnaud, 1805), Helix pomatia Linnaeus, 1758, Pomatias
elegans (O. F. Miiller, 1774), Theba pisana (O. F. Miiller, 1774), X. obvia nebo Zebrina detrita
(O. F. Miiller, 1774). Zahnizdéné ulity jsou obvykle ukryty na alesponi ¢astecné zastinénych
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mistech pod kameny ¢i vy¢nélky skal, coz by mohlo vysvétlovat vySe zminénou vyraznou
preferenci skalnatych nebo kamenitych biotopt (Miiller & Richter 2019, Miiller 2021).

Ke stavb¢ hnizda je pouzivana pasta z rozzvykanych listl (Gogala 1999, Miiller a kol.
2018, Westrich 2018, Miiller & Richter 2019, Miiller 2021). Hnizdo obsahuje od jedné do tii
plodovych bun¢k. Smérem do vnitini ¢asti ulity neni prvni komiirka odd€lena zadnou sténou
(Miiller & Richter 2019, Miiller 2021). Smérem k Gsti ulity jsou od sebe jednotlivé komtrky
oddélené jednovrstevnymi piepazkami vytvoirenymi z listové diené. Za posledni dokoncenou
plodovou buiikou nasleduje vrstva nahromadénych kaminkt, ulomki zeminy a jiného drobného
materidlu. Hnizdo je nakonec uzavieno dvéma tésné po sob¢ nasledujicimi pifepazkami
Z rozzvykanych listi. Povrch ulity neni potfisnén skvrnami listové duziny (Miiller a kol. 2018,
Miiller & Richter 2019, Miiller 2021). Usti zahnizdéné ulity ¢asto sméfuje nahoru nebo do
strany, coz naznacuje, Zze samice s ulitou po ukonéeni hnizda nepohybuje (Miiller & Richter
2019, Miiller 2021).

Podrobna hnizdni biologie druhu byla dlouho nezndma (Westrich 2018), detailni
informace pfinesli Miiller & Richter (2019), kteti prozkoumali 19 hnizd v ulitach Z. detrita.
Jednotlivé plodové butiky jsou 13—17 mm dlouhé. Piepazky z rostlinné malty jsou po okrajich
Siroké 0,4-0,5 mm, ve stfedni ¢asti 0,1-0,2 mm. Pfepazka posledni komurky byva silngjsi, po
okrajich s tloustkou 0,5—-1 mm (uprostied 0,2—-0,3 mm). Prostor s kaminky a dal$im drobnym
materidlem za posledni vystavénou komtrkou je dlouhy 4-13 mm. Nasleduji dvé piepazky
Z rostlinné malty pfimo za sebou, ta vnéjsi byva piimo v Usti ulity. Tyto piepazky jsou casto
Vv okrajovych ¢astech navzajem spojeny, zahrnuji prostor o délce 0,5-3 mm, ktery mlzZe opét
obsahovat i nékolik ulomkd zeminy ¢i kaminky. S tloustkou hrany maximalné 1,5 mm a stiedni
tloustkou maximalné€ 0,75 mm je vnitini uzaviraci sténa hnizda ten¢i nez vné;jsi. Ta ma na okraji
maximalné 2-3 mm a maximalné¢ 1-2,5 mm ve stfedu, coZ z ni €ini nejsilnéjsi piepazku
Vv hnizdé (Miiller & Richter 2019).

Zkoumana hnizda byla vzdy ukryta pod skalou ¢i kameny a 1 ve svaZitém terénu lezela
na rovném zemitém povrchu (nikoli na skéle). Vzhledem ke Spatné ptistupnosti nekterych
ukrytd je pravdépodobné, ze samice ulity netransportuje, ale vyhledava ty jiz schované. Divody
hnizdéni pod kameny nejsou zcela objasnéné, ale divodem miZe byt ochrana larev pied
prehfatim, protoze teploty pudy na preferovanych stanoviStich byvaji v disledku silného
slune¢niho zéfeni vysoké. I kdyz larvy nékterych Osmiini maji ptekvapiveé vysokou toleranci
vuci vysokym teplotdm, a navic bily povrch ulity by mél riziko piehfati 1 na exponovanych
mistech vyrazné snizit. Moznd je tedy specialni zptisob vybéru hnizdisté¢ adaptace na strmé

a skalnaté svahy, kdy svazity terén predstavuje riziko skutaleni ulity a poSkozeni hnizda.
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prazdnych ulit, protoze plzi se na téchto exponovanych mistech pod kameny ukryvaji pred
slune¢nimi paprsky a také zde zimuji (Miiller & Richter 2019).

O. andrenoides ptfezimuje v hnizdé jako dospélec (Miiller & Richter 2019, Miiller
2021).

Jedna se o polylekticky druh (Westrich 2018, Miiller & Richter 2019, Miiller 2021).
Uptednostiiuje ¢eled’ Lamiaceae (Gogala 1999, Westrich 2018, Miiller & Richter 2019, Miiller
2021), dale sbira pyl i z ¢eledi Crassulacecae a Fabaceac (Westrich 2018, Miiller 2021),
Cistaceae, Brassicaceae, Campanulaceae a Asteraceae (Miiller 2021).

Mezi parazitoidy tohoto druhu patfi zlaténky Chrysis analis Spinola, 1808, C. cuprea
a C. dichroa (Miiller 2021).

2.2.3 Osmia (Helicosmia) aurulenta (Panzer, 1799)

Druh preferujici travnaté a kiovinné (Bogusch a kol. 2020a) skalnaté svahy na
vapencovém podlozi, naptiklad extenzivné vyuzivané i ladem lezZici ov¢i pastviny, staré vinice,
vnitrozemské duny, strukturované okraje lesti, opusténé lomy, ale i kamenité a fidce zarostlé
silni¢ni naspy (Westrich 2018). Vyskytuje se tedy na lokalitach pfirodniho i antropogenniho
ptavodu (Heneberg a kol. 2020).

Hnizda si stavi v prazdnych ulitdch plz riznych (stfednich aZ velkych) velikosti
(Bellmann 1981, Gogala 1999, Miiller a kol. 2018, Westrich 2018, Heneberg a kol. 2020,
Miiller 2021). Osidluje napfiklad druhy H. pomatia, Arianta arbustorum (Linnaeus, 1758)
(Bellmann 1981, Westrich 2018), C. hortensis, Caucasotachea vindobonensis (Férussac, 1821),
X. obvia (Westrich 2018), Eobania vermiculata (O. F. Miiller, 1774), Cornu aspersum (O. F.
Miiller, 1774), Otala lactea (O. F. Miiller, 1774) (Bogusch a kol. 2020b). Preferuji vétsi ulity
(Heneberg a kol. 2020) a mensi vyuzivaji az tehdy, kdyz velké nejsou k dispozici (Bellmann
1981). Existuji vyzkumy, Ze samice stavi hnizda 1 v mrtvém dievé, kolmych pise¢nych svazich,
V zemi, ostruZinikovych stoncich ¢i skalnich Stérbinach, nejsou ale potvrzené (Miiller 2021).

V hnizdé¢ byva vytvofeno nekolik plodovych bun€k, v mensich ulitdich v poctu 1-4, ve
vétsich (napt. u H. pomatia) 7-12 (Bellmann 1981, Westrich 2018). Nalezeno bylo ale i hnizdo
s 17 komurkami (Bellmann 1981, Miiller a kol. 2018, Miiller 2021).

Ptedtim, nez za¢ne samice zasobovat prvni komurku pylem a nektarem, vystavi v ulité
pfepazku a v podob¢ prstence naznaci dalsi prepazku, ¢imz vymezi prostor pro prvni komirku

(Bellmann 1981, Westrich 2018). Materialem na stavbu hnizda je listova pasta. Béhem
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piinaseni rozzvykaného listového materidlu se samice zastavuje na ulit¢ a témét vzdy nanese
cast pasty i1 na jeji povrch (Bellmann 1981, Miiller a kol. 2018, Westrich 2018, Miiller 2021).
Ve chvili, kdy je prvni pfepazka postavena a dal$i naznacena, zasobi samice komtirku pylem
a nektarem, naklade vajicko a prstenec doplni listovou pastou, ¢imz plodovou bunku uzavie.
Nasledn¢ vyty¢i prostor pro dal§i komurku, opét naznaCenim dalsi prepazky vystavénim
prstence z rostlinné pasty. I nyni ¢ast rostlinného materialu nanese na povrch ulity (Bellmann
1981).

Vysledny tvar hnizda je do zna¢né miry urCen tvarem dutiny uvniti ulity. Prvni dvé
bunky jsou prodlouzeny, bunky nésledujici se postupné zkracuji a rozsituji. U prvnich dvou
komirek jsou tedy zasoby pylu a nektaru umistény v jejich zadni poloviné, u naslednych
krat$ich a vyssich komurek v poloving horni (Bellmann 1981, Westrich 2018). U velkych ulit,
kde se dutina smérem ven silné¢ rozSifuje, se samice odchyli od pravidelného linearniho
budovani bun¢k a posledni plodové komurky postavi vedle sebe (Bellmann 1981, Miiller a kol.
2018, Westrich 2018, Miiller 2021). Nasledn¢ vytvofi jednu prazdnou butiku a hnizdo v usti
uzavie pevnou zatkou. U stavby zatky si po¢ind obdobn¢ jako u stavéni pfepazek mezi bunkami,
nejprve z listové pasty utvofi prstenec, ktery postupné smérem ke stiedu uzavira. U malych ulit
muze mit vysledna zatka silu az 5 mm (Bellmann 1981, Westrich 2018). O. aurulenta s ulitou
nepohybuje (Bellmann 1981, Miiller a kol. 2018, Westrich 2018, Miiller 2021).

O. aurulenta piezimuje v hnizdé jako dospélec (Bellmann 1981, Miiller & Richter
2019).

Jedna se o polylekticky druh uptfednostiujici ¢eled’ Fabaceae a Lamiaceae (Bellmann
1981, Westrich 2018, Miiller 2021), dale sbird pyl na Celedich Asteraceae, Boraginaceae,
Cistaceae nebo Plantaginaceae (Westrich 2018), Miiller (2021) zminuje jesté¢ Polygalaceae.

Z blanok#idlého hmyzu v hnizdech parazituje Chrysura dichroa (Heneberg a kol. 2020).
Bellmann (1981) uvadi jesté C. trimaculata (Forster, 1853), Wiesbauer a kol. (2020) zmifuji

navic i C. cuprea.
2.2.4 Osmia (Hoplosmia) spinulosa (Kirby, 1802)

Druh obyva teplé suché stanovist¢é na vapenatém podkladu. Vyskytuje se na
vnitrozemskych dunéch, zvétravajicich haldach, v opusténych lomech, ladem leZicich ovcich

pastvinach, teplych okrajich lesi, starych vinicich, ziidka i1 na teplych a suchych ruderalnich

stanoviStich (Westrich 2018).
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Hnizdi obligatn¢ v prazdnych ulitach plzt (Miiller a kol. 2018), vybira si schranky
mensich velikosti (Westrich 2018, Miiller 2021): H. itala, X. obvia, Cepaea nemoralis
(Linnaeus, 1758), Z. detrita, bylo zaznamenano i hnizdo v malé ulit¢ H. pomatia (Miiller 1994,
Westrich 2018), dale v ulitach druhu Fruticicola fruticum (O. F. Miiller, 1774) (Westrich 2018,
Miiller 2021), rodu Cernuella Schliiter, 1838 a Pomatias (Miiller 2021) a druhtt Euomphalia
strigella (Draparnaud, 1801) (Bogusch a kol. 2019) a M. cartusiana (Bogusch a kol. 2019,
2020a). Heneberg a kol. (2020) tvrzeni o vybéru menSich ulit vyvraceji, v rdmci jejich
pozorovani si O. spinulosa vybirala velké ulity H. pomatia vyrazné ¢astéji nez mensi ulity
X. obvia. Miiller (1994) uvadi ulity plza Z. detrita, F. fruticum, X. obvia, H. itala, Cepaea sp.
a malou ulitu H. pomatia s tim, Ze samice vyrazn¢ prerefovaly ulity F. fruticum a X. obvia pted
Z. detrita.

Pocet komtrek v hnizd¢ se pohybuje mezi jednou a tiemi (Miiller 1994, 2021, Miiller
a kol. 2018), vétsinou samice stavi komurky dvé (Miiller 1994, 2021). Plodové buiiky jsou
usporadany linearné¢ (Miiller a kol. 2018). Jako hnizdni materidl pouziva rostlinnou maltu
z rozzvykanych listi (Miiller 1994, 2021, Gogala 1999, Miiller a kol. 2018, Westrich 2018). Tu
pouziva na vystavbu prepazek, ale nepokryva ji povrch ulity (Miiller 1994, 2021, Miiller a kol.
2018). Zahnizdénou ulitu nikam netransportuje, ale ota¢i s ni na misté tak, aby jeji Usti
smétovalo k zemi (Miiller a kol. 2018, Miiller 2021).

Samice pred zac¢atkem hnizdéni ulitu necisti. Nebyla zjisténa preference umisténi ulit,
nékterd nalezena hnizda byla volné€ poloZena a dobfe pfistupnd, jind byla ukrytd pod vegetaci
(Miiller 1994).

O. spinulosa pied zasobovanim prvni komurky nestavi pfepazku smérem dovnitf ulity
(Miiller 1994, 2021). Ptedtim, nez zacne zasobovat komiirku pylem a nektarem, naznaci si
misto, kde bude piepazka. V hnizdech O. spinulosa Ize rozlisit tfi rizné typy stén, které se 1isi
nejen svou polohou vzhledem k poloze plodovych bunék, ale také odliSnou tloustkou a rizné
zesilenou okrajovou oblasti. Pfepazka za prvni (vnitini) komutrkou je velmi tenka (0,15-0,3 mm
uprostied, po okrajich mirné€ zesilena na 0,3—0,6 mm) a neni dokonale pfilnuta ke sténé ulity.
U hnizd s jedinou plodovou komurkou se tato tenké prepazka nevyskytuje, v hnizdech se tfemi
buiiku je naopak napadné silna (0,3-0,5 mm uprostfed a 0,8—2 mm pii okrajich) a ke sténam
ulity je pfilnuta velmi dobte. Tato piepazka je v hnizd¢ O. spinulosa vzdy jen jedna. Zatka ma

ve stfedu stejnou tlouStku jako piedesld prepazka (0,3-0,5 mm), ale po okrajich neni tak

N 24

24

21



a zatkou je prazdny, ni¢im nevyplnény. Po dokonceni zatky samice ulitu otoci ustim dolt, tim
je proces stavby hnizda u konce a samice za¢ne hledat novou prazdnou ulitu. Otoc¢ena ulita jiz
neni zakryta z&dnym materidlem (Miiller 1994).

Postupnym vysychanim materidlu dochéazi u zatky k vytvareni mezer v mistech styku
s ulitou, coz miize vést az k vypadnuti zatky a ztrat¢ jeji ochranné funkce. Je mozné, ze otoCeni
ulity Gstim dold proces vysychani zpomali. Samice O. spinulosa se k (alespon nékterym) svym
jiz hotovym hnizdim vraceji a v piipad€ potieby opravuji otvory a Stérbiny v zatkdch noveé
piinesenou rostlinnou maltou (Miiller 1994).

O. spinulosa je letni druh (Miiller & Richter 2019, Hostinska a kol. 2021), s dospélci se
muzeme setkat od ¢ervna do srpna (Gogala 1999, Westrich 2018). Zimu pteckava v hnizdech
jako predkukla a sviij vyvoj dokoncuje az po prezimovani (Miiller 1994, Westrich 2018, Miiller
& Richter 2019, Hostinska a kol. 2021). Ne vSechny larvy se vyvinou v dospélce uz po prvnim
roce hibernace, urcité procento ve stadiu predkukly ptezimuje dvakrat a metamorfozu prodélava
az poté (Miiller 1994).

Jedna se o oligolekticky druh specializujici se na celed” Asteraceae (Miiller 1994, 2021,
Gogala 1999, Westrich 2018).

Z blanokiidlého hmyzu v hnizdech parazituje kukac¢i vcela S. odontopyga (Miiller
1994, Kasparek 2015, Westrich 2018, Bogusch a kol. 2020a, Heneberg a kol. 2020), chalcidky
Pteromalus venustus Statz, 1938 a Melittobia acasta (Walker, 1839) (Miiller 1994) a zlaténky
C. cuprea (Miiller 1994, Heneberg a kol. 2020), C. trimaculata a C. dichroa (Miiller 1994,
Wiesbauer a kol. 2020).

2.2.5 Osmia (Neosmia) bicolor (Schrank, 1781)

Druh se vyskytuje na okrajich lest, skalnatych svazich, viesovistich, travnich porostech
na bazickém podlozi, ve starych vinicich, ale také na kamenitych naspech silnic (Westrich
2018). Obyva travnaté a kiovinaté svahy (Bogusch a kol. 2020a), vyskytuje se na lokalitach
pfirodnich 1 antropogennich, pficemzZ ty pfirodni siln€ preferuje (Bogusch a kol. 2019,
Heneberg a kol. 2020).

Hnizdi obligatné v prazdnych ulitach plzi (Miiller a kol. 2018). K hnizdéni si vybira
ulity F. fruticum, C. vindobonensis (Westrich 2018, Heneberg a kol. 2020), C. nemoralis,
C. hortensis, A. arbustorum (Westrich 2018), H. pomatia (Westrich 2018, Bogusch a kol.
2019), Aegopis verticillus (Lamarck, 1822) (Bogusch a kol. 2019). Obvykle preferuje ulity
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sttedni velikosti (napt. Cepaea sp.), velké ulity hlemyzd’i si vybira mén¢ Casto (Bellmann 1981,
Miiller 2021).

Jakmile samice nalezne vhodnou ulitu, zkontroluje jeji vnittek. Pokud je usti natocené
smérem vzhuru, ota¢i s ulitou tak, aby ho nasmérovala doli. Aby mohla samice s ulitou
pohnout, zapie se mezi ulitu a vegetaci a schranku oto¢i pomoci nohou (Bellmann 1981,
Westrich 2018).

Nasledné samice odléta k okolnim rostlinam, ukousne malé kousky listu, které zpracuje
za pomoci kusadel a slin do kasovité hmoty, kterou pfendsi do ulity (Bellmann 1981, Westrich
2018). Z této hmoty pak zhotovuje hnizdni pfepazky, pouziva ji i ke stavb¢é zatky a nanasi ji
taktéz na povrch ulity (Bellmann 1981, Miiller a kol. 2018, Westrich 2018, Miiller 2021).
Béhem stavby hnizda samice obcas ulitu pootoc¢i do jiné polohy (Bellmann 1981).

Hnizda obsahuji obvykle jen jednu komurku (Bellmann 1981, Miiller 2021), n¢kdy se
ale (napf. v ulit¢ H. pomatia) mohou vyskytnout az ¢tyti (Westrich 2018) nebo pét (Miiller
a kol. 2018, Miiller 2021), ty jsou pak postaveny linearné za sebou (Miiller a kol. 2018). Tvar
hnizdni komurky je dan tvarem ulity. Pfepdzka pied prvni komiirkou smérem dovniti ulity neni
postavena. Za nashromazdénou smési pylu a nektaru je prostor o délce priblizné€ 1 cm, za kterym
nasleduje pfepazka z rostlinné pasty. Tato prepazka je u posledni komirky soucasti zatky
(Bellmann 1981).

Zatka uzavirajici posledni komurku a zaroven celé hnizdo je Siroka 1-2 cm (Bellmann
1981, Miiller 2021) a sestavd ze dvou piepazek z rostlinné pasty a prostoru mezi nimi
vyplnéném malymi kaminky, Glomky zeminy, rozldmanymi kousky ulit a kousky dieva
(Bellmann 1981, Miiller a kol. 2018, Westrich 2018, Miiller 2021). Téchto komurek
vyplnénych kaminky a dal§im materidlem a oddélenych od sebe piepazkami z rostlinné pasty
muze byt v ulité vice (Bellmann 1981, Westrich 2018). Silna zatka slouzi jako bariéra proti
parazitim (Miiller 1994).

Jak jiz bylo zminéno, samice s ulitou pfed hnizdénim i béhem ného pohybuje (Bellmann
1981, Miiller 1994). K manipulaci s ulitou dochazi i po dokonéeni hnizda — zahnizdéna ulita je
otoCena tak, aby jeji sti sméfovalo k zemi (Bellmann 1981, Westrich 2018, Miiller 2021).
Ptilezitostné samice ulitu zakope 1,5 cm hluboko do zemé (Miiller 2021). Bellmann (1981)
a Westrich (2018) uvadgji, ze vcela vyhrabava jamku tehdy, pokud se ji nedafi nasmérovat usti
k zemi pouhym oto¢enim ulity. V tom piipadé hloubi diru pomoci mandibul a uvolnénou
zeminu odnasi za letu cca 5-10 cm daleko (Bellmann 1981, Westrich 2018). Pokud lezi ulita
na mechu nebo v trave, snazi se samice co nejvice tohoto rostlinného materialu odkousat, opét

z diivodu snadnéjsiho otoceni ulitou (Westrich 2018). Po otoceni ulity a ptipadném zakopani je
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hnizdo zakryto stovkami suchych stébel nebo borovych jehlic (Bellmann 1981, Miiller 1994,
2021, Westrich 2018). Amiet (1973) uvadi, ze pokud je skrys (experimentalné) odstranéna,
samice material nanosi znovu, coz naznacuje, ze O. bicolor kontroluje i sva jiz dokoncena
hnizda.

Zimu preckava jako imago uvniti hnizda (Bellmann 1981, Westrich 2018, Miiller
& Richter 2019).

Jedna se o polylekticky druh sbirajici pyl na rostlinaich z 13 celedi — Apiaceae,
Asparagaceae, Asteraceae, Boraginaceae, Brassicaceae, Cistaceae, Fabaceae, Lamiaceae,
Ranunculaceae, Rosaceae, Salicaceae, Saxifragaceae, Violaceae (Westrich 2018). Miiller
(2021) uvadi dokonce 18 ¢eledi.

Podle Westricha (2018) nebyli dosavadnimi vyzkumy prokéazani zadni hnizdni paraziti.
Jako parazitoidi se zde vyskytuji drvenka S. quinquepunctata (Bogusch a kol. 2020c¢) a zlaténky
Chrysura dichroa (Heneberg a kol. 2020), C. trimaculata (Bellmann 1981, Wiesbauer a kol.
2020), C. refulgens (Spinola, 1806) (Strumia 1997), C. austriaca (Fabricius, 1804) a C. cuprea
(Wieshauer a kol. 2020).

2.2.6 Rhodanthidium (Rhodanthidium) septemdentatum (Latreille, 1809)

Druh uptednostnuje stanovisté stepniho charakteru (Hostinska a kol. 2021), tedy mista
suchd a tepla (napf. suché pastviny a skalnaté stepi) (Kasparek 2019).

Hnizdi v prazdnych ulitach plza, napt. Cepaea sp., E. vermiculata, C. aspersum
(Kasparek 2019, Hostinska a kol. 2021), Levantina bellardi (Mousson, 1854), T. pisana, Helix
lucorum Linnaeus, 1758 (Kasparek 2019), Sphincterochila candidissima (Draparnaud, 1801)
nebo Cernuella virgata (da Costa, 1778) (Hostinska a kol. 2021).

V hnizdé¢ se nachazi 1-2 hnizdni komurky (Pasteels 1977, Kasparek 2019, Hostinska
a kol. 2021).

Materidlem na stavbu hnizda je pryskyfice (Pasteels 1977, Kasparek 2019, Hostinska
a kol. 2021). Hnizdo je tvofeno hnizdni komirkou s pylem, za kterou nasleduje pryskyficna
prepazka, komirka voln€ vyplnénd kaminky, piskem a suchym rostlinnym materialem a zatka
zZ fragmentt ulit slepenych pryskyfici (Grandi 1961, Hostinska a kol. 2021). Vnitini pfepazka
pted prvni komurkou neni vytvofena (Hostinska a kol. 2021).

Hnizdi v ulitach pod kameny (Pasteels 1977, Kasparek 2019, Hostinska a kol. 2021)
nebo ukrytych v kamennych zidkach (Hostinska a kol. 2021). Zahnizdéna ulita je dle Pasteelse
(1977) a Kasparka (2019) otocena ustim dolti, béhem nasich vyzkumt (Hostinska a kol. 2021)
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jsme ovSem zadnou manipulaci s ulitou nezaznamenali. Samice si vybird ulity jiz ukryté
(Hostinska a kol. 2021).

Piezimuje jako dospélec uvnitt hnizda (Hostinska a kol. 2021).

Jedna se o polylekticky druh, ktery sbira pyl z mnoha celedi rostlin (Kasparek 2019,
Hostinska a kol. 2021), napi. Lamiaceae (Kasparek 2019), Fabaceae (Kasparek 2019, Hostinska
a kol. 2021), Boraginaceae, Rosaceae, Fagaceae, Plantaginaceae (Hostinska a kol. 2021).
Miiller (1996) uvadi az 17 Celedi.

V hnizdech parazituje kuka¢éi vcela Stelis ruficornis Morawitz, 1872 a zlaténka
C. refulgens (Kasparek 2019).
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2.3 Paraziti v ulitach

V hnizdech samotaiskych vcel se vyskytuji také nejriiznéjsi blanokiidli paraziti, ktefi si
nestavi vlastni hnizda, ale jejich larvy se vyvijeji na ukor svého hostitele. Dle zdroje potravy
zde rozliSujeme kleptoparazity (hnizdni paraziti, kukac¢i véely) a parazitoidy (Macek a kol.
2010).

Kleptoparazitismus (hnizdni parazitismus) je specialni forma parazitismu, kdy se
potomstvo parazita vyviji na potravnich zasobach nashromazdénych ptivodné pro hostitelskou
larvu (Litman 2019). Samice kukac¢i véely tedy klade vajicka na pylonektarové zasoby, které
hostitelska samice nasbirala pro své vlastni potomstvo (Michener 2007, Litman 2019). Potravni
zasoby vSak nejsou dostatecné k tomu, aby se na nich mohly vyvijet obé larvy (hostitele
I parazita) spole¢né, potomstvo hostitele je proto parazitem odstranéno (Litman 2019).

Samice parazitoidi kladou vajicka na vhodného hostitele nebo do jeho blizkosti, vylihlé
larvy béhem svého vyvoje hostitele postupné konzumuji, az ho nakonec usmrti. Tato zivotni
strategie se vyskytuje u mnoha skupin hmyzu (napt. Diptera a Coleoptera), nejveétsi diverzita
parazitoidl vSak byla popsana u fadu Hymenoptera (Quicke 1997, Henri & Van Veen 2011).

U v¢el hnizdicich v ulitach se muiZzeme setkat jak s kukac¢imi véelami, tak s parazitoidy
(Bellmann 1981, Miiller 1994, 2021, Strumia 1997, Westrich 2018, Kasparek 2019, Bogusch
a kol. 2020b, 2020c, Heneberg a kol. 2020, Hostinska a kol. 2021). V CR parazituji u ulitovych
véel piedevsim kukacc¢i véela S. odontopyga, zlaténky C. cuprea, C. dichroa a C. trimaculata
(Bogusch a kol. 2020c) a drvenka S. quinquepunctata (Bogusch a kol. 2020b).

2.3.1 Stelis odontopyga Noskiewicz, 1926

S. odontopyga je xerotermofilni druh véely z ¢eledi Megachilidae vyskytujici se na
skalnich stepich (Macek a kol. 2010). Je to hnizdni parazit v¢el druhu O. spinulosa (Bliithgen
1926, Miiller 1994, Gogala 1999, Kasparek 2015, Westrich 2018, Edwards a kol. 2019,
Bogusch a kol. 2020a, 2020c, Heneberg a kol. 2020). Dospélci se zivi nektarem napiiklad na
Celedich Apiaceae, Asteraceae, Boraginaceae (Kasparek 2015, Edwards a kol. 2019).
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2.3.2 Zlaténkoviti (Chrysididae)

Zlaténky jsou kovové leskle zbarveni ektoparazitoidi, jejichz larvy se zivi masozrave,
u véel hnizdicich v ulitach je jejich potravou samotna vceli larva (Wiesbauer a kol. 2020,
Agnoli & Rosa 2022). Dospélci se zivi nektarem (Westrich 2018). Pro vykladeni vlastniho
vajicka musi samice zlaténky zvolit vhodny okamzik, proto hlidkuje v okoli hnizda a obcas ho
kontroluje (Macek a kol. 2010). Pokud se stane, Ze je samice zlaténky v hnizdé pfistizena,
vtahne koncetiny do prohlubné zadecku a stoci se do kulicky, coz ji poskytne ochranu pied
utokem hostitelské samice. Samice zlaténky obvykle klade vajicko (nékdy dvé) na vnitini
stranu piipravené koncové stény plodové buiiky, nékdy na zasoby pylu (Westrich 2018). Larva
zlaténky se po vylihnuti pfesune na larvu vcely, zpoc€atku ale svého hostitele jen kratce nasava
a poskodi ho jen neznatelné. Teprve kdyz larva hostitele vyroste a za¢ne spiadat kokon, zlaténka
ji upln€ vysaje a poté se zakukli (Westrich 2018, Wiesbauer a kol. 2020).

Chrysura cuprea je xerotermofilni druh obyvajici stepni biotopy a sprasové stény
(Macek a kol. 2010). Parazituje u vSech druht naSich véel hnizdicich v ulitach s vyjimkou
druhu R. septemdentatum (Wiesbauer a kol. 2020, Agnoli & Rosa 2022). Nesoustiedi se pouze
na hnizda v ulitach, vajicka klade i do hnizd jinych samotaiskych vcel, preferuje predevsim
rody Osmia, Hoplitis, Anthocopa Lepeletier & Serville, 1825, Chelostoma Latreille, 1809
a Chalicodoma Lepeletier, 1841 (Macek a kol. 2010).

Chrysura dichroa obyva zejména skalni stepi a parazituje ptedevsim u v¢el hnizdicich
v ulitach (Macek a kol. 2010). Byla zaznamenana u druhit O. andrenoides, O. aurulenta,
O. rufohirta a O. spinulosa (Wiesbauer a kol. 2020), Heneberg a kol. (2020) ji zmifuji i u druhu
O. bicolor.

Chrysura trimaculata se vyskytuje na exponovanych stepich a jejimi hostiteli jsou v¢ely
stavici si sva hnizda v prazdnych ulitich (Macek a kol. 2010). Je parazitoidem druhi
O. aurulenta, O. bicolor a O. spinulosa (Wiesbauer a kol. 2020, Agnoli & Rosa 2022).

Béhem nasich vyzkumi v Ceské republice jsme Vv ulitach zaznamenali navic jesté druh
Hedychrum niemelai Linsenmaier, 1959 v ulit¢ rodu Cepaea, ovSem bez hnizda (Heneberg
a kol. 2020), v zahrani¢i pak napiiklad druh Chrysura hybrida (Lepeletier, 1806) v hnizdech
H. fertoni. Jedna se o nejbéznéjsiho parazitoida, ktery se specializuje na mensi druhy nalezici
do tribu Osmiini bez ohledu na jejich hnizdni substrat (Bogusch a kol. 2020c). V hnizdech
H. fertoni ji zaznamenal jiz Le Goff (2003). Dale jsme béhem zahrani¢nich vyzkumu objevili
druhy C. refulgens (v hnizdech R. sticticum) (Hostinska a kol. 2021) a C. rufiventris (Dahlbom,
1854) (Bogusch a kol. 2020b).
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2.3.3 Sapyga quinquepunctata (Fabricius, 1781)

Dalsim blanok#idlym parazitem, ktery byl objeven v hnizdech ulitovych v¢el, je drvenka
S. quinquepunctata (Sapygidae, Vespoidea) (Bogusch a kol. 2020b). Preferuje oteviené biotopy
(Bees, Wasps & Ants Recording Society 2022a), v CR se vyskytuje pfevazné na slunnych
stanovistich (Macek a kol. 2010). Jeji hostitelé hnizdi v riiznych substratech, naptiklad v jilu,
otvorech ve zdech, mrtvém dievé ¢i prazdnych ulitach plzu (Bees, Wasps & Ants Recording
Society 2022a). Samice kladou vajicka do hnizd v dobé nepfitomnosti hostitelské samice
(Bogusch a kol. 2007). Parazituje u v¢el rodt Osmia, Chelostoma (Bogusch a kol. 2007, Bees,
Wasps & Ants Recording Society 2022a), Hoplitis a Megachile Latreille, 1802 (Bogusch a kol.
2007). V ulitach byla v ramci naSich vyzkumu nalezena u druhu O. bicolor (Bogusch a kol.
2020b) a O. ferruginea (Bogusch a kol. 2020c).

Zivotni strategie druhu S. quinquepunctata i celé &eledi Sapygidae neni zcela jasna.
Dospélci ¢eledi Sapygidae se zivi pylem a nektarem (Bogusch a kol. 2007), ndzory na potravu
larev se vSak rizni (Gusenleitner & Gusenleitner 1994, O'Neill 2001, Bogusch a kol. 2007,
Macek a kol. 2010, Schmid-Egger 2010, Bees, Wasps & Ants Recording Society 2022a).

Gusenleitner & Gusenleitner (1994) a Bogusch a kol. (2007) druhy ¢eledi Sapygidae
fadi mezi zastupce kleptoparaziti. Samice udajné kladou vajicka do plodovych komtrek hnizd
jinych samotaiskych véel, diive vylihla larva parazita nasledné odstrani potomstvo hostitele
(Bogusch a kol. 2007). Larva prvniho instaru druhu S. quinquepunctata ma vyvinuté velké
se nahromadénymi pylonektarovymi zasobami (Bees, Wasps & Ants Recording Society
2022a).

Schmid-Egger (2010) uvadi, ze samice zastupcu ¢eledi Sapygidae kladou vajicka do
hnizd samotaiskych vcel, predev§im z celedi Megachilidae, a vyvijejici se paraziticka larva se
zivi jak hostitelskou larvou, tak nahromadénymi zasobami potravy. Macek a kol. (2010)
predkladaji podobné informace. Dle nich zastupci cCeledi Sapygidae preferuji celed
Megachilidae a jednd se bud’ o kleptoparazity Zivici se pylonektarovymi zasobami, nebo
0 ektoparazitoidy, ktefi se vyviji na dospélych larvach nebo ptedkuklach, pficemz Zivotni
strategie je u riznych druhd rizna. Druh S. quinquepunctata je zde uveden jako parazitoid
(Macek a kol. 2010). Dle O'Neilla (2001) jsou taktéz zastupci ¢eledi Sapygidae ektoparazitoidi
i kleptoparaziti.
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2.3.4 Jini paraziti ulitovych v¢el

V hnizdech ulitovych véel mohou parazitovat i dals$i zastupci blanokiidlého hmyzu,
napiiklad chalcidky Pteromalus venustus a Melittobia acasta (Miiller 1994).

P. venustus je ektoparazitoid predkukel a kukel vcel ¢eledi Megachilidae. Samice
kladélkem propichuje hostitelské kokony v hnizdech, pficemz na jednoho hostitele klade vice
(n¢kdy i pies 30) vajicek (Tepedino 1993). Miiller (1994) tento druh objevil v hnizdech
O. spinulosa.

Chalcidky rodu Melittobia Westwood, 1847 jsou ektoparazitoidi vos a vcel, a to
predevsim téch, které si stavi hnizda z jilu. M. acasta je jedinym evropskym druhem tohoto
rodu a je uvadéna jako parazit a hyperparazit u zastupct rtiznych fadi (napt. Hymenoptera,
Diptera, Lepidoptera a Coleoptera). U blanokiidlého hmyzu tvofi jeji hostitelskou skupinu
socialni (napf. Bombus Latreille, 1802, Apis Linnaeus 1758) i samotaiské v¢ely (Anthophora
Latreille, 1803, Chalicodoma, Heriades Spinola, 1808, Anthidium Fabricius, 1804, Megachile,
Osmia) a jejich paraziti (Psithyrus Lepeletier, 1833, Stelis Panzer, 1806) a dale také samotaiské
i socialni vosy ¢i kutilky (Gonzalez a kol. 2004). U ulitovych v¢el byla nalezena v hnizdé
O. spinulosa (Miiller 1994).

V ramci nasich vyzkumi jsme v ulitich objevili také kodulky Stenomutilla collaris
(Fabricius, 1787) a S. hotentotta (Fabricius, 1804) a kukac¢¢i veelu Dioxys moesta Costa, 1883
(Bogusch a kol. 2020c).

Kodulky (Mutillidae) jsou ektoparazitoidi s obvykle sirokym spektrem hostitelt, ¢asto
z fadu blanok#idlého hmyzu. Biologie zastupci rodu Stenomutilla André, 1896 neni p#ilis
prozkoumana. Je vSak pravdépodobné, ze druhy S. collaris a S. hotentotta parazituji u riznych
druhii véel a mozna i vos. Béhem nasich vyzkumii jsme je zaznamenali ve Spanélsku v hnizdech
H. fertoni (Bogusch a kol. 2020c). U ulitovych v¢el mohou parazitovat také kodulky rodu
Tricholabiodes Radoszkowski, 1885 (Gess & Gess 2008, Heneberg a kol. 2020).

Evropské druhy rodu Dioxys Lepeletier & Serville, 1825 jsou kleptoparaziti véel ¢eledi
Megachilidae, vétsinou rodt Hoplitis a Osmia, ovSem dosud nebyly zaznamenany u druht
hnizdicich v ulitach (Westrich 2018, Bogusch a kol. 2020c). D. moesta je kukac¢i vcela
S neznamym zamétenim na hostitele, béhem nasich vyzkumi byla nalezena v hnizdé H. fertoni
(Bogusch a kol. 2020c).

V hnizdech ulitovych véel parazituji i zastupci zjinych fadd, napt. Diptera nebo
Coleoptera (Heneberg a kol. 2020). Béhem nasich vyzkumt jsme zde zaznamenali parazitickou

mouchu Anthrax aethiops (Fabricius, 1781) (Diptera: Anthracidae) a brouka Trichodes apiarius
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(Linnaeus, 1758) (Coleoptera: Cleridae). V obou ptipadech se jedna o bézné parazitoidy
ulitovych véel (Bogusch a kol. 2020b).

Druh A. aethiops parazituje predevsim u véel ¢eledi Megachilidae, je ale mozné, ze
klade vajicka i do hnizd v¢el jinych ¢eledi (Bogusch a kol. 2020c). V ulitovych hnizdech byl
objeven u druhd O. spinulosa (Miiller 1994, Heneberg a kol. 2020), O. aurulenta,
R. septemdentatum (Celechovsky 2015), ve Spanélsku jsme ho nalezli i u druhat H. fertoni
a O. ferruginea (Bogusch a kol. 2020c).

Larvy brouka druhu T. apiarius se vyviji u samotaiskych vcel, které hnizdi napiiklad na
mistech s obnazenou ptidou, spraSovych a piskovych sténach ¢i ve zdech, piilezitostné se
nalézaji i ve véelich ulech. Dospélci se vyskytuji na kvétech predevsim Celedi Apiaceae, kde se

7ivi pylem, ale také lovi jiny hmyz (Skorpik 2018).
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2.4 Dalsi blanokridli hnizdici v ulitach

V prazdych ulitach plzi si nestavi hnizda pouze samotéiské vcely, ale 1 dalsi blanokfidli,
napiiklad nékteré druhy celedi Pompilidae (Richards & Hamm 1939), Vespidae (Fateryga
2013) ¢i Formicidae (Bogusch a kol. 2019, Bees, Wasps & Ants Recording Society 2022b).
Nasledujici podkapitoly se zaméfuji predev§im na druhy vyskytujici se na uzemi Ceské

republiky.

2.4.1 Hrabalkoviti (Pompilidae)

Zastupci cCeledi Pompilidae maji hnizdni strategie rtizné. Mulze se jednat bud’
0 ektoparazitoidy, predatory, ¢i hnizdni parazity u jinych druht hrabalek. Larvy jsou masozravé
a jejich potravou jsou vyhradné pavouci (Bogusch a kol. 2007). Dospélci se zivi piedev§im
kvétnim nektarem, samice vSak ptilezitostné saji i hemolymfu z ran ulovenych pavouka (Macek
a kol. 2010). Mezi predatory hnizdici v ulitach patii naptiklad hrabalky Anoplius nigerrimus
(Scopoli, 1763), Auplopus carbonarius (Scopoli, 1763), Agenioideus cinctellus (Spinola, 1808),
Homonotus sanguinolentus (Fabricius, 1793) (Richards & Hamm 1939, Day 1988), Dipogon
variegatus (Linnaeus, 1758) (Day 1988, Bees, Wasps & Ants Recording Society 2022c) nebo
Priocnemis propinqua Lepeletier, 1847 (Bogusch a kol. 2020b). Vsechny tyto druhy nalezi i do
fauny Ceské republiky (Bogusch a kol. 2007), pouze P. propinqua je na tomto tzemi jiz
vyhynuly (Bogusch & Straka 2017).

Anoplius nigerrimus je druh vyskytujici se na suchych pastvinach a kiovinach (Bees,
Wasps & Ants Recording Society 2022d), ale i na btezich, viesovistich a moktfadech (Richards
& Hamm 1939). Hnizda si stavi na riznych substratech, napiiklad pod kameny, v dutych
stoncich rostlin, opusténych chodbach jinych blanoktidlych ¢i v prazdnych ulitach plza
(Richards & Hamm 1939, Day 1988). V drobivé pidé je tento druh schopny vykopat si svoji
vlastni chodbu (Bees, Wasps & Ants Recording Society 2022d). Richards & Hamm (1939)
zminuji vyskyt v ulité¢ druhu C. aspersum, v ramci nasich vyzkumi jsme tento druh hrabalky
objevili na antropogennim stanovisti v ulit¢ druhu H. pomatia (Bogusch a kol. 2019).

Auplopus carbonarius je druh obyvajici vlhké lesy s bazinatymi oblastmi, které
poskytuji vlhky jil jakozto hnizdni material (Bees, Wasps & Ants Recording Society 2022¢).
Hnizda si stavi na rtiznych podkladech, naptiklad v kamennych zdech, pod kameny, na

pafezech, Casto také ve starych broucich chodbéch, pod klirou, ve Stérbinach kmenti stromi,
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v halkach druhd Andricus hungaricus (Hartig, 1843) a A. kollari (Hartig, 1843), v ruznych
dutinach v zemi, ve starych ulitach, v¢elich tlech a na dalSich mistech (Richards & Hamm
1939). Mohou se vyskytovat i v blizkosti hospodaiskych staveni a lidskych obydli (Day 1988).
Plodové burky vystavéné z jilu maji soudkovity tvar s plochymi konci, jsou poloZeny na boku
a navzgjem se dotykaji, pficemz jejich usporadani mize byt lehce nepravidelné (Richards
& Hamm 1939, Day 1988). Jednotlivé buitky mohou byt vystavény z jilovych pelet rizného
ptvodu, a tedy mohou mit riznou barvu a texturu. Vnitfek komurek je vyhlazeny (Day 1988).
Jejich pocet je variabilni (zaznamenano bylo od 2 do 34). N¢kdy si stavi hnizdo nékolik samic
A. carbonarius pohromadé, krom toho mohou byt hnizda vystavéna v blizkosti hnizd jinych
blanoktidlych, napt. hrn¢itky Ancistrocerus oviventris Wesmael, 1836, dale byla nalezena i ve
starych hnizdech pelonosky rodu Anthophora (Richards & Hamm 1939). V ramci naSich
vyzkuml jsme tento druh hrabalky objevili na antropogennich i pfirodnich stanovistich
v ulitach druhu H. pomatia (Bogusch a kol. 2019).

Agenioideus cinctellus je druh vyskytujici se na sussich stanovistich a pis€itych padach.
K hnizdéni si vybira nejriznéjsi prirodni dutiny, piipadné také chatrajici zdi (Day 1988).
Vyuziva i stara hnizda jinych blanoktidlych (napt. Hoplitis adunca (Panzer, 1798), Colletes
Latreille, 1802, Odynerus Latreille, 1802), dale hnizdi ve ztrouchnivélém dievé a ulitach.
Vzacné si ziejmé hloubi své vlastni dutiny (Richards & Hamm 1939). Plodové bunky uzavira
detritem (Day 1988).

Druh Homonotus sanguinolentus byl zaznamenan napfiklad na pise¢nych viesovistich
(Day 1988). Napada zaptednice Cheiracanthium erraticum (Walckenaer, 1802) piimo v jejich
hnizdech, ktera jsou stavéna napiiklad ve svinutych listech rostlin. Existuje zaznam nalezu
hnizda v ulit¢ C. aspersum, kdy byl vstup do hnizda ucpan fragmenty rostlin a zeminy
(Richards & Hamm 1939).

Druh Dipogon variegatus se vyskytuje v Siroké Skale otevienych biotopi jako jsou
parky, viesovisté, pobtfezni lokality nebo piedméstské zahrady (Bees, Wasps & Ants Recording
Society 2022c). Hnizdi v nejriznéjSich dutinach ve dieveé, zdech a také v prazdnych ulitach
plzt. Také bylo pozorovano hloubeni vlastni dutiny v mékké malté pomoci kusadel. Po
zasobeni potravou je plodova builka uzaviena materidlem jako jsou zrnka pisku, ulomky
zeminy a fragmenty rostlinného materialu udajné spojenych dohromady pavucinou (Day 1988).

Priocnemis propinqua je pravdépodobné druhem piscitych ptad. Jeho hnizdni biologie
neni znama (Bees, Wasps & Ants Recording Society 2022f), pti nasich vyzkumech byl poprvé
objeven v prazdnych ulitach plzi, a to konkrétné v druzich O. lactea a S. candidissima
(Bogusch a kol. 2020b).
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2.4.2 Srsnoviti (Vespidae)

Z Celedi Vespidae bylo hnizdéni v ulitich zaznamenéno napt. u tfi palearktickych
druhti: Leptochilus alpestris (Saussure, 1856), L. mauritanicus (Lepeletier, 1841) a L. regulus
(Saussure, 1856) (Fateryga 2014), piicemz v CR se vyskytuji dva z nich — hrngitky L. alpestris
a L. regulus (Bogusch a kol. 2007).

V piipad¢ hrnéitky Leptochilus alpestris se pravdépodobné jedna o druh hnizdici
vyhradné v prazdnych ulitich plzt, hnizda byla nalezena ve schrankach druhti C. nemoralis,
Candidula unifasciata (Poiret, 1801), Z. detrita, Xeropicta derbentina (Krynicki, 1836)
a Monacha fruticola (Krynicki, 1833) (Fateryga 2013). Ve starsi literatufe byla hnizda tohoto
druhu popséna pouze okrajové, Fabre (1993) uvadi dvé az ¢tyfi plodové builkky na hnizdo
a zatku vytvorenou z pisku slepeného pryskytici. Fateryga (2013) popsal stavbu na zaklade
nalezu jediné zahnizdéné ulity od druhu M. fruticola. Toto hnizdo bylo nalezeno na skalnatém
stepnim svahu pod kamenem a obsahovalo jednu plodovou bunku, ktera byla uzaviena zatkou
vyrobenou z (neznamou hmotou) slepenych kouskt $térku. Onou lepivou hmotou mohla byt
pryskyfice, nebo také sliny (Fateryga 2013). My jsme tento druh objevili béhem naSich
vyzkumil ve Spanélsku v ulitich druhti C. virgata, E. vermiculata a S. candidissima (Bogusch
a kol. 2020b).

Hnizdo Leptochilus mauritanicus bylo nalezeno v ulité S. candidissima (Ferton 1901,
Fateryga 2013, 2014). Piepazky a zatka byly vytvoteny z ilomka ulit smisenych s jilem (Ferton
1901, Fateryga 2013). Dle dosud dostupnych udaju se jedna o obligatni zpisob hnizdéni, nalezt
bylo vsak doposud jen velmi malo a neexistuji tedy zadné dikazy ohledné toho, Ze by druh
nemohl zahnizdit i v jiném substratu (Fateryga 2014).

Leptochilus regulus je jediny palearkticky druh rodu Leptochilus, u kterého je znamo
hnizdéni v riznych typech jiz existujicich dutin (napt. v dutych stoncich, dutinach v kamenech
nebo v prazdnych ulitaich plzd rodu Helix Linnaeus, 1758). V ulitach tedy, na rozdil od
ptedchozich dvou jmenovanych druhti, hnizdi pouze fakultativné. Hnizda obsahuji vice bunék,

prepazky mezi nimi jsou postaveny ze Stérku a zeminy (Fateryga 2014).

2.4.3 Mravencoviti (Formicidae)

U celedi Formicidae si ulity jako vhodné dutiny k hnizdéni vybiraji naptiklad druhy
Myrmica sabuleti Meinert, 1861, Temnothorax crassispinus (Karavaiev, 1926), T. nigriceps
(Mayr, 1855), T. parvulus (Schenck, 1852), T. unifasciatus (Latreille, 1798) (Bogusch a kol.
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2019) ¢i T. albipennis (Curtis, 1854) (Bees, Wasps & Ants Recording Society 2022b). Zastupci
této Celedi k hnizdéni vyuzivaji nejriznéjsi dutiny (napt. Seifert 2017), v ptipad¢ ulit se tedy
jedna o hnizdni zdroj fakultativni. AZ na posledné jmenovany druh se jedna o druhy fauny

Ceské republiky (Bogusch a kol. 2007).
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3 DISKUZE

Nase vyzkumy lze rozdé€lit do tii hlavnich kategorii — sbér a vyzkum samotnych ulit,
studium hnizdni biologie vybranych druhti v¢el hnizdicich v ulitdch a studium zmén rozsiteni
zvolenych stepnich druht vcel.

Vyzkum ulit probéhl nejprve ve stiedni Evropé a vyuzili jsme k nému dvé metody.
Prvnim krokem byl sbér ulit na vybranych lokalitach béhem zimniho obdobi a jejich ponechani
Vv laboratofi k probuzeni zazimovanych a vylihnuti uvnitf zahnizdénych druhti (Bogusch a kol.
2019). Nasledovalo dodani oznacenych ulit na lokality, ponechani na misté pies hnizdni sezénu
a jejich opétovny sbér (Heneberg a kol. 2020).

Studium prazdnych ulit plz v obdobném rozsahu doposud neprobéhlo, v nasem
pripad¢ se tedy jedna o prvni ucelené vyzkumy toho, kteti bezobratli zivo¢ichové (pfedevsim
hmyz a pavouci) ulity vyuzivaji. Zjistili jsme, Ze pfitomnost prazdnych ulit na antropogennich
stanoviStich umoznuje pfitomnost mnoha druhtt hmyzu, které ulity vyuZzivaji, ovSem zaroven
se ukazalo, Ze samotny vyskyt ulit k rozSifeni veskerého ulity vyuzivajiciho hmyzu z ptirodnich
na antropogenni stanovisté nesta¢i. Z nasich vysledku dale plyne, ze i Vv ptipadé kolonizace
téchto novych biotopt zde n€které druhy nedosahuji stejné pocetnosti. Divodem je napiiklad
nedostatek potravnich zdrojii (Bogusch a kol. 2019). Niz$i pocetnost a druhova pestrost riiznych
hmyzich spolecenstev na antropogennich lokalitdch jiz byla dfive zmiflovana vice autory
(Pereira a kol. 2012, Cardinale 2014, Geslin a kol. 2016, Pereira-Peixoto a kol. 2016). Existuji
vSak 1 vyzkumy s opaénym vysledkem, zde se ale jedna zejména o druhy (napt. Zahadlovych
blanokfidlych) zavislé na ur¢itém stupni disturbance prostiedi (Cizek a kol. 2013, Tropek a kol.
2013, Heneberg a kol. 2014, Bogusch a kol. 2016).

Nase vyzkumy dale poskytly prvni experimentalni diikaz o dtlezitosti vysoké kvality
ulit jako dil¢ich biotopi, které umoZznuji ptfitomnost specializovanych zahadlovych
blanok#idlych na lokalité. Uplna absence prazdnych schranek plzéi na lokalité zcela brani
ptitomnosti hmyzu vyuzivajiciho ulity, a to i na mistech s po¢etnymi potravnimi zdroji. Naopak
jejich dodani muze zvysit populace specializovanych zahadlovych blanoktidlych dokonce 1 na
mistech, kde se prazdné ulity jiz pfirozené vyskytuji. Z hlediska ochrany pfirody (a konkrétné
ochrany specializovanych zahadlovych blanoktidlych) by tedy hlavnim opatfenim méla byt
podpora mistnich populaci plzii pfisnéjsi ochranou neorné plochy s volnou vegetaci, typicky na

jizné exponovanych svazich nebo na ptidach s nizkou schopnosti zadrzovani vody. Ptisné;jsi
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ochrana takovych oblasti by podpofila ptfitomnost vitalnich populaci plzi, které generuji
dostate¢né mnozstvi prazdnych ulit (Heneberg a kol. 2020).

K obdobnym poznatkiim jsme dospéli i béhem vyzkumt prazdnych ulit, které jsme
provedli ve Spanélsku (Bogusch a kol. 2020b). Vyskyt zahadlovych blanokiidlych na lokalitach
zavisi na pfitomnosti jejich potravnich a hnizdnich zdroji, a to jak pro dospélce, tak i pro larvy
(Westerfelt a kol. 2018, Westrich 2018). Pro pfitomnost druhii v¢el hnizdicich v ulitach je tedy
nezbytnym hnizdnim zdrojem vysoky podil prazdnych ulit, potravnim zdrojem je pak pyl
Z kvetoucich rostlin. Oboji mohou poskytnout zejména piirozena ¢i ptirod¢ blizka stanoviste
(Bogusch a kol. 2020b), ktera tak mohou slouzit jako ohniska biologické rozmanitosti vcel,
podobné jako tomu je u malych polnich mokfadu ve stfedni Evropé (Heneberg a kol. 2018).
Pfitomnost ptirod¢ blizkych stanovist (a v mensi mife i mist sruderalni vegetaci) je
oboustranné vyhodnd zejména Vv okoli sadl, pficemz kvetouci stromy vcelam poskytuji dalsi
dostupny zdroj potravy, pfitomnost téchto opylovacl pak muize nasledné podpofit vynosy
plodin péstovanych v sadech (Bogusch a kol. 2020b).

V ramci studia hnizdni biologie jsme se zaméfili pfedev§im na druhy vyskytujici se
v Ceské republice, dale na evropské druhy rodu Rhodanthidium a okrajové i na dalsi druhy
ulitovych v€el. Autofi piedchozich publikovanych vyzkumt se vétSinou zamétovali pouze na
nékolik druhti (napt. Bellmann 1981, Moreno-Rueda a kol. 2008, Miiller 2018), my jsme danou
problematiku pojali komplexné&ji. U naSich druhti, u kterych je hnizdni biologie znama, jsme
potvrdili ptedchozi publikované tdaje. Naptiklad u druhu O. rufohirta jsme pozorovali
preferenci ulit druhu X. obvia a dalsich ulit malé velikosti (Heneberg a kol. 2020), coz je
v souladu s tim, co zjistil Bellmann (1981). Druh O. aurulenta dle Miillera a kol. (2018)
kolonizuje ulity sttedni az velké velikosti. Toto tvrzeni jsme potvrdili, naSe vyzkumy vSak navic
pfinesly zjisténi, ze velké ulity druhu H. pomatia byly preferované vice nez stfedni ulity
C. vindobonensis, a to i pfesto, ze pocty ulit téchto dvou druhti byly na zkoumanych lokalitach
ptiblizn¢ stejné (Bogusch a kol. 2019, Heneberg a kol. 2020). Druh O. spinulosa byl
pfedchozimi publikovanymi udaji oznacen za specialistu na hnizdéni v ulitdich malych az
sttednich velikosti (Miiller 2018), béhem nasich vyzkum ale akceptoval stejné Casto malé ulity
X. obvia a velké ulity H. pomatia (Bogusch a kol. 2019, Heneberg a kol. 2020).

Zcela jina situace byla u naseho druhu R. septemdentatum a obecné¢ u vSech Ctyf
evropskych druhd tohoto rodu, které hnizdi v ulitdch. Jedna se o druhy R. septemdentatum,
R. sticticum, R. siculum (Spinola, 1838) a R. infuscatum (Erichson, 1835) (Kasparek 2019).
Jejich hnizdni biologie byla donedavna prozkoumana jen velmi okrajové a naptiklad informace

o poctu plodovych komurek jednotlivych druhii byla doposud neznama (Pasteels 1977, Ortiz-
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Sanchez 1990). Pouze druh R. siculum byl studovan podrobnéji, Erbar a Leins (2017) se v§ak
zaméfili na popis hnizdniho chovani, nikoliv na strukturu hnizda samotného. Nas vyzkum je
tedy prvni, ktery pfinesl informace o struktute hnizd téchto ctyi druhi (Hostinska a kol. 2021).

Béhem nasich vyzkumil ve Spanélsku se nam dale podafilo ziskat vétsi mnozstvi hnizd
druhu H. fertoni a O. ferruginea. Biologie ulitovych v¢el v jizni Evropé je obecné velmi malo
znama. Struktury hnizd obou zminénych druht jiz byly publikovany piedeslymi autory (Ferton
1905, 1908, Benoist 1931, Grandi 1961, Haeseler 1997, Le Goff 2003, Moreno-Rueda a kol.
2008, Miiller a kol. 2018, Miiller 2021), naSe vysledky tyto znamé informace potvrdily, a navic
piinesly nova zjisténi. Néktera hnizda byla parazitovana, napiiklad v hnizdech H. fertoni jsme
nalezli zlaténku C. hybrida, kterou u daného druhu pozoroval i Le Goff (2003). Dale jsme
V hnizdech H. fertoni objevili kukac¢i véelu D. moesta, pticemz v tomto piipadé se jedna
0 vubec prvni zaznam parazitace v hnizdech ulitovych v¢el. U druhu O. ferruginea jsme zcela
nové pozorovali parazitické druhy S. quinguepunctata a A. aethiops (Bogusch a kol. 2020c).
Nas vyzkum prispél k doplnéni idaji ptinesenim novych zdznami o parazitech, pylu, zivotnim
cyklu a znacich hnizdniho chovani. Hnizdni chovani, preference na pyl a hostitelsko-parazitické
asociace jsou dilezitym zdrojem informaci pro rekonstrukci fylogeneze u vcel celedi
Megachilidae.

V ramci vyzkumt stepnich druhti jsme sledovali zmény rozsiteni nasich ulitovych vcel
a porovnavali je se zménami rozsifeni vybranych druhti rodu Eucera, které hnizdi v zemi.
Ukazalo se, e druhy hnizdici v prazdnych ulitach se v ramci CR rozsifily, ale druhy hnizdici
V zemi z nasi fauny naopak mizi (Bogusch a kol. 2020a). Zmény v rozsiteni druhii souvisi
s obecnymi zmé&nami krajiny, ke kterym doslo piiblizné béhem poslednich 100 let, a jsou
spojeny se zménou pidy zemedélstvim a lesnictvim (Jongman 2002, Walz 2008, Skalos a kol.
2011, Skokanova a kol. 2012). Pis¢ité biotopy a oblasti, které¢ bylo nemozné pouzit k vysadbé
plodin, byly zalesnény (Balej 2012, Lorencova a kol. 2013). Dokonce i mnoho chranénych
lokalit bylo napadeno a zarostlo invaznimi rostlinami, protoze usili ochrany pfirody nebylo
dostatecné (Tickle 2000, Oszlanyi a kol. 2004). V duasledku toho se zbytky stepnich utvard
zménily v kiovinaté strané nebo louky (Lorencova a kol. 2013). Tyto zmény na stepich jsou
spojeny s uplnou absenci holé pudy, s tvrdym podkladem nevhodnym pro hnizdéni a nizsi
diverzitou kvetoucich rostlin. Nedostatek hnizdist’ a hor$i dostupnost kvetoucich rostlin jakoZto
zdroje potravy pak mély za nasledek podstatné snizeni pocetnosti nebo vyhynuti populaci druhti
hnizdicich v zemi (Westrich 1996, Kosior a kol. 2007, Ptidal & Vesely 2011, Nieto a kol. 2014,
Rasmont a kol. 2015). Oproti tomu vysoka produkce kiovité vegetace preristajici zbytky stepi

poskytla vhodné podminky pro mnoho vétsich druhti plzt (napt. H. pomatia, C. vindobonensis,
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F. fruticum), které na téchto lokalitach zvysily své popula¢ni hustoty (Peltanova a kol. 2012,
Jutickova a kol. 2014). Naopak na rann¢ sukcesni stadia na antropogennich stanovistich (byvalé
vojenské prostory, silni¢ni a zelezni¢ni naspy, piskovny apod.) se rozsifily mensi druhy plzu,
jejichz ulity jsou ale stale vhodné pro zahnizdéni v¢el (napi. X. obvia, M. cartusiana). Jestlize
pritomnost a pocetnost hnizdnich pftilezitosti, jako napi. prazdnych ulit, je nejvice limitujicim
faktorem pro ulitové vcely, pak vzrist dostupnosti ulit je o¢ekavana podminka pro $ifeni druhti
hnizdicich v ulitach (Bogusch a kol. 2019). Dulezitou otazkou ochrany je, zda mizeme ud¢lat
néco pro to, aby byly stepni formace opét vhodné jak pro druhy hnizdici v zemi, tak pro druhy
hnizdici v ulitach. V posledni dob¢ diky implementaci vhodnych ochrannych opatieni doslo ke
zlepSeni této situace a je tedy mozné, ze se nékteré stepni biotopy, zejména ty s patfi¢nymi
managementovymi zasahy, brzy stanou vhodnymi i pro hnizdéni druhd v zemi. Nicméné pujde
0 dlouhotrvajici proces vyzadujici pravidelnou implementaci novych managementovych

postupt (Bogusch a kol. 2020a).
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5 PRILOHY

5.1 Bogusch P., Rohacek J., Banar P., Astapenkova A., Kouklik O., Pech P., Jansta P.,
Heller K., Hlavac¢kova L., Heneberg P. 2019: The presence of high numbers of empty
shells in anthropogenic habitats is insufficient to attract shell adopters among the insects.
Insect Conservation and Diversity 12: 193-205. https://doi.org/10.1111/icad.12335.

V prvnim roce jsme se zaméfili na studium ulit a jejich vyuZzivani riznymi bezobratlymi
na stepich a antropogennich stanovistich (v . CR a Madarsku), a to zejména z hlediska
piezimovani. Zkoumané lokality byly dvojiho typu — step ¢i lesostep a prilehlé postindustrialni
stanovisté, napt. lomy, jiloviste, piskovny, Zelezni¢ni ¢i silni¢ni naspy nebo vinice (celkem 25
pari a dale 7 lokalit, které nebyly sparované).

Sbér ulit probihal od 28. prosince 2015 do 18. bfezna 2016. Na kazdé lokalité jsme
sesbirali minimaln¢ 400 prazdnych ulit lezicich na povrchu zemé. Spektrum sbiranych ulit plné
odrazelo spektrum velkych a stiednich ulit dostupnych na dané lokalité a z hlediska velikosti
povazovanych za vhodné pro hnizdéni zahadlovych blanoktidlych. Ulity z jednotlivych lokalit
byly nasledné dopraveny do laboratote, kde byly roztfidény dle druhii plzii a umistény do
ozna¢enych boxu. Boxy byly pravidelné kontrolovany a vylihli ¢lenovci (pfedev§im hmyz
a pavouci) byli odebirani, fixovani v ethanolu a nasledné urceni.

Druhové nejpocetnéjsim se ukéazal tad blanoktidlych (Hymenoptera). Dale byly
zastoupeny fady poloktidli (Hemiptera), dvoukiidli (Diptera) a brouci (Coleoptera). Jednim az
n¢kolika druhy byly zastoupeny také tady motyli (Lepidoptera), sitoktidli (Neuroptera),
dlouhosijky (Raphidioptera), skvoii (Dermaptera) a $vabi (Blattodea). Z fadu blanoktidlych
(Hymenoptera) se v ulitach vyskytovali predev§im zastupci Celedi zlaténkoviti (Chrysididae),
Calounicoviti  (Megachilidae), hrabalkoviti  (Pompilidae), drvenkoviti (Sapygidae)
a mravencoviti (Formicidae). Z ulitovych vcel byly zaznamenany druhy Osmia aurulenta,
O. bicolor, O. rufohirta, O. spinulosa, z jejich parazitia pak kukac¢i véela Stelis odontopyga,
zlaténky Chrysura dichroa, C. trimaculata a drvenka druhu Sapyga quinguepunctata.

Timto vyzkumem jsme vibec poprvé zpracovali uceleny piehled hmyzu a pavoukd,
kteti vyuZzivaji prazdné ulity k pfezimovani ve sttedni Evropé. Ukdzalo se, Ze hmyz vyuZzivajici
ulity se specializuje na konkrétni druhy plzi pouze vzacné, ulity jsou vybirany vyrazné Castéji
podle jejich typu (velikosti apod.). Déle jsme zjistili, ze pfitomnost prazdnych ulit na

antropogennich stanovistich umoziuje pfitomnost mnoha druhit hmyzu, které ulity vyuzivaji,


https://doi.org/10.1111/icad.12335

ovSem zaroven se ukazalo, ze samotny vyskyt ulit K rozsifeni veskerého ulity vyuzivajiciho
hmyzu z pfirodnich na antropogenni stanovisté nestaci. Vyhybani se antropogennim lokalitam
bylo zietelné¢ zejména u hmyzu, ktery ulity vyuziva pouze jako misto k pfezimovani a ktery

vyzaduje dal$i potravni a hnizdni zdroje — naptiklad plostice (Heteroptera).



Insect Conservation and Diversity

Insect Conservation and Diversity (2019) 12, 193-205 doi: 10.1111/icad.12335

The presence of high numbers of empty shells in
anthropogenic habitats is insufficient to attract shell
adopters among the insects
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Abstract. 1. Terrestrial snail shells can be considered partial resources for
insects, and as such, the expansion of numerous snail species to anthropogenic
habitats makes them increasingly available.

2. Here, we address for the first time a complete profile of insects that use
empty terrestrial snail shells during the winter period in Central Europe.

3. The specialisation for shells made by certain snail species was uncommon;
however, a number of species showed significant preferences for certain shell
types. We found that the presence of empty snail shells in anthropogenic habi-
tats drives the presence of many empty snail shell adopters in these habitats.
Nevertheless, the increased availability of snail shells proved to be insufficient
for a transition of all the species of snail shell adopters from natural to anthro-
pogenic habitats. The avoidance of anthropogenic habitats among snail shell
adopters was particularly distinct in species that use them only as a winter
retreat but which require additional feeding and breeding resources, such as the
true bugs.

4. The availability of snail shells is thus a pre-requisite of the presence of spe-
cialised snail shell adopters but is not necessarily sufficient to establish their
presence in the respective habitat.

Key words. Aculeate Hymenoptera, breeding resources, expansive species, road-
side verges, snail predators, Temnothorax, terrestrial Gastropoda.

Introduction assemblage of mollusc species. In Central Europe, these
are represented mainly by Xerolenta obvia, Cepaea spp.,

With the onset of industrialisation, anthropogenic and Helix pomatia (Alexandrowicz & Alexandrowicz,

landscapes dominate many regions of the world. The
anthropogenic landscapes include numerous brownfields,
open-cast mines and quarries, waste dumps and various
linear elements, such as roadside verges. The mosaic of
above-named habitats has been colonised by a specific
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Charles University, Ruskd 87, CZ-100 00 Prague, Czech Repub-
lic. E-mail: petr.heneberg@lf3.cuni.cz
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2010; Rosin et al., 2017); in the Pannonian region,
Cepaea vindobonensis and Zebrina detrita are common in
anthropogenic habitats as well (P. Bogusch & P. Hene-
berg, pers. obs.). In other regions, Theba pisana is among
the typical species that preferentially occur in roadside
verges (Odendaal et al., 2008). Available evidence sug-
gests passive transport of these species by means of mul-
tiple common human activities (Dorge et al., 1999), and
these species may benefit from other changes in landscape
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use, such as pasture abandonment (Labaune & Magnin,
2002).

Empty terrestrial snail shells host a diverse but poorly
understood community of insects and other arthropods.
Among the taxa that are specialised for empty snail shells,
the aculeate Hymenoptera are likely the best understood
(Miiller et al., 2018). Immature stages of saprophagic,
predatory, and parasitic dipterans develop on the dead or
alive snails and later overwinter in the shells. Particularly,
the snail-killing flies of the family Sciomyzidae are largely
malacophagous, and intense research has been conducted
in the past in order to establish them as biological control
agents of introduced snails that act as agricultural pests.
Besides the dipterans, the empty snail shells may host the
predatory larvae of Drilidae (Coleoptera), with Drilus con-
color and Drilus flavescens considered predators of helicid
snails. Reports on the presence of other groups of insects
in snail shells are nearly absent except of reports of para-
sites and parasitoids of the above-named insects, such as
Mesoleptus spp. that parasitise Sciomyzidae (Jussila et al.,
2010). See ESM2 for an overview of the previously pub-
lished data.

Here, we provide for the first time a complete profile of
insects that use empty terrestrial snail shells during the
winter period, with the focus on steppes and allied habi-
tats of Central Europe. We hypothesised that the
increased availability of empty snail shells in multiple
anthropogenic habitats facilitates the presence of empty
snail shell adopters in these habitats as is shown in several
anthropogenic habitats for the Osmia bees (Heneberg
et al., 2013, 2017). We tested whether they reach similar
diversity and abundance in natural habitats (steppes and
forest steppes) and in open anthropogenic habitats as cal-
culated per the number of examined shells. Furthermore,
we hypothesised that the occupancy of shells is con-
strained by snail species and, thus, that this specialisation
contributes to the presence of a variety of breeding niches
within each sampling site. Based on the obtained evidence,
we discuss the limitations of empty snail shells as breeding
resources in anthropogenic habitats with regard to the
concept of partial habitats (Westrich, 1996).

Materials and methods
Study area and sampling sites

The study was carried out at sampling sites that were
arranged in pairs, each containing one natural steppe or
forest-steppe paired with a nearby anthropogenic habitat.
The distance between paired sampling sites was
4.8 + 6.4 km (range 0.1-20.2 km). The distribution of
sampling sites was not random; it reflected the distribu-
tion of steppic fragments across the study area and our
knowledge of sites where empty shells or shell-specialised
aculeates were present in the past. The sampling sites
mostly involved karstic areas, extinct volcanoes, a sub-
stantial number of sampling sites were located in loess

deposits and, surprisingly, several sites rich in shells were
present in areas composed of silicates — quartzite rock
steppes and sand pits.

The study included 25 pairs of sampling sites. In addi-
tion, we examined seven sampling sites that did not fulfil
the criteria of paired sampling sites due to insufficient
numbers of snail shells being present either at the exam-
ined site itself or at the proposed paired site. The data
obtained at these sites were included in the total counts
but not in the paired tests. All study sites were located
in Central Europe: 21 sampling sites were in the Pannon-
ian biogeographic region (SE Czech Republic and N
Hungary), 34 sampling sites were in the Continental bio-
geographic region (Czech Republic), and two sampling
sites were at the edge of the Alpine (West Carpathian)
biogeographic region (E Czech Republic; Fig. 1).
Detailed list of sampling sites and their coordinates are
provided in Table S1. All examined natural habitats con-
sisted of steppes or forest steppes. The examined anthro-
pogenic habitats consisted of stone quarries (n = 13),
clay pits (n =4), sand pits (n = 4), lignite spoil heaps
(n = 3), railway verges (n = 1), roadside verges (n = 1),
and vineyards (n = 1). The sampling sites were chosen to
represent the whole spectrum of sites with abundant
presence of empty snail shells known to us throughout
the study area.

Sampling

Shells were collected from December 28, 2015 to March
18, 2016. At each examined paired site, we collected at
least 400 empty terrestrial snail shells (mean 534; range
428-704) that were visible on the surface. The spectrum
of collected shells (Fig. 1b) fully reflected the spectrum of
large and medium-sized shells available at the examined
sites and considered suitable for the nesting of aculeate
hymenopterans due to size limitations. We non-selectively
collected empty large- and medium-sized shells of any spe-
cies present on the soil surface. However, we omitted
shells of juvenile Xerolenta obvia and similar or smaller
shells of other species that are clearly unsuitable for the
nesting of aculeate hymenopterans due to size limitations.
The sampling could potentially be biased against the spe-
cies that use only shells present deep in the leaf litter,
under stones or in soil burrows. Insects were reared
exposed to a daylight cycle, at temperatures between 15—
23 °C for 3-4 months. The reared insects were fixed in
ethanol. The total number of shells sampled reached
27 650, out of which 13 937 (50.4%) were obtained from
natural steppic habitats, and 13 713 (49.6%) were col-
lected from anthropogenic habitats.

DNA barcoding

For the species confirmation of Bradysia nigrispina and
Philosepedon humeralis, we employed DNA barcoding.

© 2018 The Royal Entomological Society, Insect Conservation and Diversity, 12, 193-205
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of shells collected in the course of the present study (stacked columns) and numbers of sampling sites at which the shells of the respective spe-
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insects reared from shells of terrestrial snails collected in natural and anthropogenic habitats. (d) Rarefaction curve of insects reared from
shells of Cepaea spp., Helix pomatia, and Xerolenta obvia, with the data from natural and anthropogenic habitats compared. (e) Rarefaction
curve of Diptera, Coleoptera, and Hemiptera reared from shells of terrestrial shells, with the data from natural and anthropogenic habitats
compared. (f) Rarefaction curve of Hymenoptera: Aculeata except Formicidae, Formicidae, and Parasitica reared from shells of terrestrial
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The DNA was isolated and the COl locus was amplified
and sequenced as described by Heller and Rulik (2016).
The barcoded ethanol-fixed voucher specimens are avail-
able from the Alexander Koenig Museum in Bonn. All
sequences were deposited in BOLD (https://doi.org/10.
5883/ds-czdipsna) and in the NCBI Nucleotide database
(under accession numbers MH917737-MH917740).

Statistical analyses

All insects obtained in the course of the rearing experi-
ments were included in the analyses. To estimate their
species richness, we calculated the Chao-1 estimator, cor-
rected for unseen species and plotted the rarefaction
curves. To compare species richness of the analysed data-
sets, we calculated the Serensen, Morisita-Horn and the
combined Chao’s Serensen raw (uncorrected for unseen
species) abundance-based similarity (Chao et al., 2005,
equation 6) indices. We also calculated total numbers of
species and individuals found, and the basic diversity
indices, including the dominance (D =1 — Simpson
index), equitability, Fisher’s alpha, and Berger-Parker
dominance indices. Pearson and Spearman correlation
coefficients and their significance were calculated when
indicated. %> test with Yates correction was used to anal-
yse the differences in abundance. The conservation value
of analysed species was assessed according to the most
recent version of the national Red List (Hejda er al.,
2017). Neuroptera, Raphidioptera, and Diptera are absent
in the most recent Red List edition; thus, we used the pre-
vious Red List version (Farkac et al., 2005) to evaluate
the conservation value of these taxa. The species included
in the Czech Red List were termed as ‘threatened’
throughout the text and include species known as vulnera-
ble (VU) or near threatened (NT). All the calculations
were performed in SigmaPlot 12.0 (Systat Software, San
Jose, CA, USA). EstimateS 9.1.0 (University of Connecti-
cut, Storrs, CT, USA) and PAST 2.14 (University of
Oslo, Oslo, Norway). Data are shown as mean + SD
unless stated otherwise.

Results
Global view on the empty shell universe

In total, 1324 insects were reared from 27 650 collected
shells. The shells hosted 117 morphospecies of insects of
nine orders (Table S2). The examined assemblages were
characteristic by large number of species that we found
only in low numbers. Thus, the Chao-1 species richness
estimator (corrected for unseen species in the samples)
indicated a species richness of 192.5 4+ 28.9 species, sug-
gesting that there are another 75 species that are waiting
to be collected from snail shells in the study region.
There was no eudominant species within the analysed
dataset as indicated by the low dominance value
(D =0.079; Berger-Parker = 0.162); instead, a group of

several specialised species dominated the examined assem-
blages. Correspondingly, the overall alpha diversity of the
study assemblages was high, with Fisher’s alpha reaching
30.96. However, the equitability reached only 0.67 sug-
gesting that the entropy (the evenness with which individ-
uals are divided among the taxa present) of the study
assemblages was low. Collectively, these indices show that
although the study assemblages were diverse, they were
dominated by a group of several species (Fig. 2). The
abundantly present insects consisted of dipterans of the
Psychodidae, Sciaridae, Sciomyzidae, and Anthomyiidae
families, several megachilid bees and cuckoo wasps, vari-
ous ant species and true bugs of the family Rhyparochro-
midae. The beetles were dominated by Oulema melanopus.
Species from other orders of insect were represented by
just a few individuals (Fig. 3, Table S2). Below, we will
focus on possible drivers of low entropy among the study
assemblages and on the role of anthropised systems in
their distribution.

Is the availability of shells in anthropogenic habitats
sufficient to attract their adopters?

From the reared individuals, 605 individuals emerged
from the shells collected at anthropogenic sites (4.4 indi-
viduals per 100 shells collected), and a slightly higher
amount of 719 individuals emerged from the shells col-
lected at natural sites (5.2 individuals per 100 shells col-
lected). Thus, the abundance of insects in empty shells at
natural and anthropogenic sites differed from the expected
equal abundance per shell (3> test with Yates correction
y> =3.938, d.f. = 1, P = 0.047).

The Chao-1 species richness estimator (corrected for
unseen species in the samples) indicated a species rich-
ness of I11.5 £ 24.2 species in anthropogenic habitats
and 148.9 + 26.1 species in natural habitats, which was
also supported by the rarefaction of the two datasets
(Fig. 1c). The communities differed significantly in the
number of species found (63 vs. 90 species in anthro-
pogenic and natural habitats, respectively, bootstrapping
P =0.001). The dominance was slightly but significantly
higher in anthropogenic habitats (D = 0.110 vs. 0.081;
bootstrapping P = 0.001). Correspondingly, the overall
alpha diversity of the study assemblages was lower in
anthropogenic habitats, with Fisher’s alpha reaching
17.69 and 27.12 (bootstrapping P = 0.001) respectively.
Interestingly, the equitability differed only marginally
(0.67 vs. 0.72; bootstrapping P = 0.004). The Chao esti-
mated number of shared species was 58 (35 directly
observed), the Serensen similarity index that reflects the
presence/absence data was just 0.463, but the Morisita-
Horn index was only slightly higher, at 0.677. The com-
bined Chao’s Serensen raw (uncorrected for unseen spe-
cies) abundance-based similarity reached 0.876 (estimated
reached 0.946) suggesting that the differences in insect
assemblages adopting snail shells at the two habitat
types do not stem from the absence of species in one of
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Fig. 3. Heat map of the numbers of individuals of the dominant and selected other insect species. The snail species and habitat types are

indicated. [Colour figure can be viewed at wileyonlinelibrary.com].

the datasets but rather from differences in their abun-
dance. The lower complexity of insect assemblages in
shells at anthropogenic sites was valid for all major
orders that occurred in the shells, namely Diptera, Hemi-
ptera, and Coleoptera (Fig. le), and for aculeate Hyme-
noptera (Fig. 1f).

Surprisingly, there was no dominant species occurring
at anthropogenic sites only. Of species that were reared in
eight or more individuals, only five species were at least
twice more common in anthropogenic than natural habi-
tats. These included the ants Myrmica sabuleti (20 individ-
uals in only two shells in anthropogenic habitats/0
individuals in natural habitats), Temnothorax parvulus
(13/1), Temnothorax unifasciatus (105/24), the megachilid

bee Osmia rufohirta (6/2), and a true bug Megalonotus
sabulicola (21/10; Table S2).

Does the shell species play a role?

Only a part of differences in abundance and species
richness can be attributed to differences in the numbers of
collected shell species. Instead, the three most abundantly
occurring shells were occupied by more insect species and
more insect individuals per shell than shells from any
other species. The highest number of species (77 species)
was present in shells of the largest examined species, Helix
pomatia. They hosted 6.4 insect individuals per 100 exam-
ined shells and the associated assemblage displayed the
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lowest dominance (D = 0.08), the highest diversity (Fish-
er’s o = 25.50), and entropy (equitability = 0.74). The sec-
ond highest number of species (49 species) was retrieved
from Xerolenta obvia. Despite the insect assemblage that
was associated with this small species was species-rich,
fewer insects were reared from shells of X. obvia com-
pared to other larger snail shells, with only 2.7 individuals
reared per 100 examined shells. The insect assemblage
associated with X. obvia shells displayed higher domi-
nance (D = 0.23), and correspondingly lower diversity
(Fisher’s o = 15.96) and entropy (equitability = 0.62) com-
pared to that in H. pomatia shells. The third abundant
type of shells, Cepaea spp., hosted 43 insect species. These
shells were associated with a higher insect abundance (8.7
individuals per 100 examined shells) when compared to
the two previously mentioned shell types. The insect
assemblages in Cepaea spp. shells exhibited low domi-
nance (D = 0.12) and high entropy (equitability = 0.71),
but, in contrast to H. pomatia shells, they were less
diverse (Fisher’s o = 12.97). Regarding shells of other
snail species, the species richness and particularly the
abundance of insects were exponentially lower in shells of
Zebrina detrita, Fruticicola fruticum, Helicigona lapicida,
and Monachoides incarnatus (Table S3). In contrast, the
shells of Euomphalia strigella and Monacha cartusiana
were occupied by similarly diverse insect assemblages as
shells of the three dominant species. The number of col-
lected shells of Aegopinella spp., Aegopis verticillus, and
Arianta arbustorum was insufficient to provide any conclu-
sions; however, based on our observations in the spring,
the shells of Aegopis verticillus are frequently occupied by
Osmia bicolor when available (Heneberg, unpubl.). The
rarefaction revealed that the insect assemblages are more
complex in natural than anthropogenic habitats when
considering any of the three dominant shell types
(Fig. 1d).

The insect assemblages in shells of Cepaea spp. were
most similar to those in shells of H. pomatia (combined
Chao’s Serensen raw (uncorrected for unseen species)
abundance-based similarity 0.864) and X. obvia (0.785).
Sharply contrasting were the similarities of insect assem-
blages in shells of Cepaea spp. with those in shells of
M. cartusiana (0.440) and E. strigella (0.430) and further
with the remaining species that displayed very limited sim-
ilarity (<0.040) due to the very restricted spectrum of
insects found in their shells. Extensive overlaps among the
examined assemblages were corroborated by high
Serensen index values. Nevertheless, high overlap with
Cepaea spp. was suggested only for H. pomatia, but not
E. strigella and X. obvia by means of the Morisita-Horn
index, which reached 0.630, 0.262, and 0.173 for the three
above-named species respectively. The difference between
the Morisita-Horn index and the other two indices can be
attributed to the fact that Morisita-Horn index reaches
high values only when two assumptions are fulfilled; there
must be overlap in terms of the number of shared species
and the individual shared species must occur in the similar
proportions in both samples.
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Next, we examined overlaps among assemblages that
were associated with shells of other snail species. We
found high total relative abundances of individuals
belonging to the shared species when comparing insects
from shells of E. strigella with those from M. cartusiana
(Chao’s Serensen raw (uncorrected for unseen species)
abundance-based similarity 0.823) and when comparing
the insect assemblage in X. obvia with those in H. pomatia
(0.808), E. strigella (0.823), and M. cartusiana (0.713;
Table S4). However, the individual shared species did not
occur in the similar proportions in both samples except
for the comparison of insect assemblages in X. obvia with
M. cartusiana. This resulted in high Morisita-Horn index
(0.912) for the comparison of insect assemblages from
shells of X. obvia with M. cartusiana while we found very
low Morisita-Horn index values for the comparisons of
the E. strigella dataset with either M. cartusiana (0.076)
or X. obvia (0.029). All other insect assemblages displayed
low similarity as revealed by all of the three indices. The
only exception was the similarity between insects in shells
of E. strigella and F. fruticum, which was characteristic by
intermediate similarity in the species presence/absence
data (Serensen 0.363) but very low abundance-based simi-
larity as revealed by the combined Chao’s Serensen raw
(uncorrected for unseen species) abundance-based similar-
ity (0.076) and Morisita-Horn (0.025) indices (Table S4).

Correlations of the species composition of anthropogenic
habitats with nearby natural habitats

As the insect assemblages at anthropogenic sites exhib-
ited generally less species than their natural counterparts,
we aimed to elucidate whether the insect species that
occupy the anthropogenic habitats were distributed inde-
pendently on the presence of nearby habitat patches or
whether their abundance was increased at sites where the
proximal natural habitat patches were species-rich. We
hypothesised that the spillover from natural to proximal
anthropogenic sites is the highest at sites with the highest
species richness and abundance. For each pair of sampling
sites, we thus calculated the proportion of species that
were present at both sampling sites within the pair and
compared it to the number of species that were present
only at one of the paired sites (Fig. 4a). The trend
towards the higher number of shared species at sites with
higher species richness was not significant (Pearson
r=0.316, P >0.05 Spearman r=0.175, P > 0.05,
n = 24). We also plotted the mean abundance of species
that were present at both sampling sites within the pair
against the number of species that were present only at
one of the paired sites (Fig. 4b). These two variables were
negatively correlated suggesting that the less abundant
species were, surprisingly, more likely to occur at both
sites within the examined pairs (Pearson r = —0.474,
P <0.05; Spearman r = —0.494, P <0.05, n=18). The
mean abundance was unrelated to the number of species
per sample for both the paired sites-specific groups of
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species only present at one of the paired sites and the
groups of species present at both paired sites (Fig. 4c).
From the species-specific point of view, if the random dis-
tribution of species was applicable, the expected frequency
of double-positive sites would be a power function of their
frequency at natural sites. If the proximity of occupied
sites played a role, the number of double-positive paired
sampling sites would be higher. In contrast, if specific
habitat characteristics, which were not shared within the
pairs of sampling sites, played a role, the similarity would
be lower than expected by the random function. The cor-
relations of the species-specific numbers of single- and
double-positive pairs of sampling sites were significant
(Pearson r=0.508, P <0.001; Spearman r = 0.355,
P <0.001, n=113). Although, only a few frequently
found species exhibited a higher than random tendency to

occur at both paired sites. These included Salticella fasci-
ata and Megalonotus chiragra (Fig. 4d). It remains to be
investigated whether some of the species with limited
number of sampling sites belong to this category too —
these include, for example, Stelis odontopyga, and
Emblethis verbasci. Combined, these data suggest that the
spillover from natural to proximal anthropogenic sites
applied only to a part of the species found, whereas the
distribution of the majority of species does not correlate
with the proximity of nearby natural sites that would host
the respective species.

Threatened species and new records

We identified seven threatened species and one species
that was new for the Czech Republic. The threatened
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species consisted of true bugs (VU: Megalonotus praetexta-
tus; NT: Acompus rufipes, Aphanus rolandri, Peritrechus
nubilus, and Pyrrhocoris marginatus), a bombyliidae diptera
(VU: Spogostylum aethiops), and a megachilid bee (NT:
Stelis odontopyga). The threatened true bugs, except
A. rolandri, were strictly limited to natural sites. The
xerothermic bombyliidae S. aethiops was restricted to natu-
ral sites. The megachilid S. odontopyga occurred at natural
sites, at lignite spoil heaps, and in the railroad dyke that
was adjacent to a steppe. Most of the threatened species,
except M. praetextatus and P. marginatus, were present at
multiple sampling sites and in multiple snail species.

The species that we identified as new for the Czech
Republic was the sciomyzidae snail-killing fly S. fasciata.
It was the eighth most abundant species within the exam-
ined dataset (Fig. 3). It appears to be specialised for
X. obvia (34 records); however, we found it in shells of
H. pomatia (1 record) and Cepaea sp. (1 record) as well.
It was present both at the natural and anthropogenic
sites, mostly at both localities within each pair of sam-
pling sites that was occupied by this fly (Fig. 4d). We
recorded it from the Hungarian sampling sites (i.e., from
the previously reported distribution area), where it occu-
pied both localities within each S. fasciata-positive pair of
sampling sites. We newly report it from six sampling sites'
in South Moravia, the Czech Republic, where it occupied
two pairs of sampling sites and two additional anthro-
pogenic sites. The numbers of S. fasciata reared from
Czech anthropogenic sampling sites were higher than
those from the Czech natural sites (Table S2).

Dominant species

The examined assemblage was dominated by quite
long list of true bugs, four species of flies, and several
aculeate hymenopterans. The dominant species of true
bugs consisted of a common dry grassland specialists
Megalonotus chiragra, M. sabulicola, and Aphanus rolan-
dri, the specialist for wet and shady areas Drymus (Syl-
vadrymus) ryeii, ubiquitous Valeriana officinalis specialist
Acompus rufipes, species of open forests at sandy or lime-
stone bedrock Eremocoris plebejus plebejus, and the com-
mon specialist for lime trees and mallows Pyrrhocoris
apterus. Among the frequently found true bugs also was
the expanding species of dry habitats that is often hosted
by Echium vulgare, Aellopus atratus. The majority of
records of all dominant true bug species, with the excep-
tion of the two Megalonotus spp. but including seven of

'Salticella fasciata, the first Czech records: Cejé, HO — disused clay-
pit, 48.94N, 16.98E, 29-Jan-2016, 7M & SF in X. obvia; Cejé, HO —
steppe PP Spidldky, 48.94N, 16.98E, 29-Jan-2016, IM in Cepaca sp.,
IF in X. obvia, Mikulov, BV - forest steppe PR Svaty kopecek,
48.81N, 16.64E, 28-Jan-2016, 1M in X. obvia; Mikulov, BV — disused
limestone quarry PR Turold, 48.82N, 16.64E, 28-Jan-2016, IF in
H. pomatia, IM & 1F in X. obvia; Tasovice, ZN — sand pit, 48.84N,
16.14E, 28-Jan-2016, 2M & 1F in X. obvia; Brno, BM — disused lime-
stone quarry Hady, 49.22N, 16.68E, 29-Jan-2016, 3F in X. obvia.
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eight records of A. atratus, originated from natural habi-
tats only (Fig. 3).

The dominant species of flies were represented by the
poorly known species Bradysia nigrispina, the viviparous
fly that deposits larvae onto the dead snails P. humeralis,
the above-discussed snail-killing fly S. fasciata, and the
ubiquitous  European species  Anthomyia liturata.
Philosepedon humeralis and S. fasciata were characteristic
particularly for X. obvia, whereas the B. nigrispina used
preferentially Cepaea spp. and H. pomatia. We confidently
identified the abundant species of Sciaridaec as B. ni-
grispina, because its holotype was collected in the Czech
Republic (Menzel et al., 2006) and it is already known
from other countries in Central Europe; we also newly
provide DNA barcodes of three individuals of this species.
However, the taxonomy of this group of species with long
antenna and white body hairs, which also includes the
cave-dwelling B. dalmatina, the alpine B. pseudodalmatina
and B. lucida from Turkmenistan, needs revision in order
to clearly separate the species or to discover possible syn-
onymies. Philosepedon humeralis was identified by a com-
bined approach involving detailed morphological and
molecular analysis. The DNA barcoding confirmed that
the sequence of the study species was identical with those
of various BINs (BOLD:ABA0882 and BOLD:ACX1419;
GBOL, 2018) belonging to P. humeralis of European ori-
gin. This dipteran species is a specialised inhabitant of
dead snail shells (Beaver, 1977). All the dominant dip-
teran species occurred both at natural and anthropogenic
sites although their abundance was lower in the latter
habitat type (Table S2).

When considering the aculeate hymenopterans, we need
to distinguish between the bees and wasps, which used the
shells for nesting, and ants, for which the types of the use of
empty shells are more variable. The nesting bees and wasps
were dominated by Osmia aurulenta that was dominant par-
ticularly in H. pomatia and occupied frequently Cepaea spp.,
Osmia spinulosa, which occupied all the three dominant
types of shells, and Osmia bicolor, which turned to be a
Cepaea spp. specialist. While the first two species were pre-
sent equally in natural and anthropogenic habitats, O. bi-
color was common only in the natural habitats. The most
abundant parasite of their nests was represented by Chrysura
dichroa that was also abundant particularly in natural habi-
tats and occupied the Cepaea spp. and H. pomatia shells.

Regarding the ants, most records consisted of workers
only, but we also repeatedly recorded nests of ants nesting
in small colonies that are characteristic for closed micro-
spaces, such as the Temnothorax spp. (Seifert, 2017). The
apterous queens were recorded as follows: Myrmica rugin-
odis (three apterous queens), Temnothorax crassispinus (four
apt. queens), Temnothorax nigriceps (one apt. queen), Tem-
nothorax parvulus (10 apt. queens), and Temnothorax unifas-
ciatus (two apt. queens). In addition to the species recorded
in the systematically collected shells, we recently collected
also a nest of Tapinoma erraticum in summer 2016 a shell
collected in Siimeg, Hungary (P. Heneberg & P. Pech,
unpubl.).
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Discussion

We found that the presence of empty snail shells in
anthropogenic habitats drives the presence of many
empty snail shell adopters in these habitats. However, we
have shown that they do not reach similar diversity and
abundance as in natural habitats, with only few excep-
tions (Fig. 3). Thus, we rejected the original hypothesis
claiming that the empty terrestrial snail shell adopters
reach similar diversity and abundance in anthropogenic
and natural habitats. As an illustrative example, let's
mention the threatened bombyliid dipteran, S. aethiops,
which we and others found only in the best-preserved
steppic reserves within the study area (Celechovsky,
2015). This species is a parasite of megachilid snail shell-
adopting bees, particularly O. aurulenta and Rhodanthid-
ium septemdentatum (Celechovsky, 2015). Although we
found the host species, O. aurulenta, to be equally present
in both natural and anthropogenic habitats (Table S2),
the parasitic dipteran did not manage to follow its host
so far.

Furthermore, we tested the hypothesis claiming that
the occupancy of shells is constrained by snail species
and, thus, that this specialisation contributes to the pres-
ence of multiple breeding niches within each sampling
site. We have shown that the specialisation for shells
made by certain snail species is uncommon, and usually
shells of multiple species are occupied as far as they are
of similar size that fits the body of the respective insect.
Many species did not even discriminate between the three
most common shell types and were present both in the
large shells of the helicid snails and in the minute shells
of X. obvia (Fig. 3). Despite strict specialisation was rare,
there were insect species that showed significant prefer-
ences for certain shell types. For example, S. fasciata, the
here recorded new member of the Czech entomofauna,
occurred preferentially in X. obvia shells although we
recorded it once also in each H. pomatia and Cepaea sp.
(Fig. 3).

The lower abundance and species richness of insects in
anthropogenic habitats were reported repeatedly from
many insect assemblages (Pereira et al., 2012; Cardinale,
2014; Geslin et al., 2016; Pereira-Peixoto et al., 2016), but
the observations of reverse relationships are also known,
particularly in a broad range of disturbance dependent
species including, for example, various aculeate Hymenop-
tera (Cizek et al., 2013; Tropek et al., 2013; Heneberg
et al., 2014; Bogusch et al., 2016). Here, we have shown
that despite most of the dominant empty snail shell adop-
ters among insects managed to colonise the anthropogenic
habitats, they failed to establish there as large populations
as in the natural habitats. This points to the limitations of
empty snail shells as breeding resources in anthropogenic
habitats with regard to the concept of partial habitats
(Westrich, 1996), as the species nesting in shells (such as
the bees and wasps) likely lack their food resources in
anthropogenic habitats and the species that only spend
winter in the shells may require both additional food

resources as well as breeding resources to be present on
site (typically the true bugs).

Several species, to which the concept of partial habitats
likely does not apply, displayed a distribution according
to the initial hypothesis claiming that the empty terres-
trial snail shell adopters reach similar diversity and abun-
dance in anthropogenic and natural habitats. These
species, which managed to shift to anthropogenic habi-
tats, consisted predominantly of common flies and beetles
that either exploit dead snails or kill living snails (Beaver,
1977; Baalbergen et al., 2014). Below, we will discuss two
such specific cases. The first is the snail-killing fly S. fas-
ciata. This species appears to expand its distribution
range to the north because its first findings have been
recorded not only from the Czech Republic (present
study) but also from Belgium and the Netherlands
(Mortelmans, 2015). It oviposits in the umbilicus of living
snails of various species. Theba pisana was considered its
characteristic host that is native to the Mediterranean
and invaded into many other countries. However, other
terrestrial snails also may host S. fasciata (Knutson et al.,
1970; Vala, 1989; Coupland & Barker, 1994; Rozkosny,
2002). Povolny and Groschaft (1959) reported S. fasciata
from X. obvia that was also its core host in the dataset
analysed in the present study. The larvae feed on the
snail tissues for 24 weeks and may putatively kill the
snail. Surprisingly, the pupation is thought to take place
outside the snail shell and puparia are reported to be
found on or in the soil. The pupation stage lasts for 3—
5 weeks (Vala, 1989). The adults are active in September;
however, isolated records of adults are known year-
around (Vala, 1989; Coupland & Barker, 1994). This life
cycle is thought to be linked to the life cycle of their
main hosts, Theba spp. and Cernuella spp., as these snails
oviposit in the autumn and die shortly after (Coupland &
Barker, 1994). Although it was reported to pupate on or
in the soil, here we report this fly as abundantly reared
from the shells themselves. All the shell material analysed
in the present study was collected in the winter period.
Although, we did not open the shells but allowed the
insects to finish their development and emerge. Thus, we
cannot distinguish between the adult individuals that just
used the shell as their winter shelter and those that were
breeding there. The abundance of S. fasciata was very high
in the examined material from Hungary and South Mora-
via. Thus, it is likely that the X. obvia shells are used for
breeding itself instead of hosting couple remaining adult
individuals that otherwise occur very rarely outside the
September and October as stated above. Opening of the
X. obvia shells collected in winter is needed to corroborate
this speculation.

The second example of a species, for which the snails
are the only breeding and food sources, is the beetle
D. concolor. The predation by drilids is considered com-
mon at some sites throughout Europe. We reared five
individuals of this species from Cepaea sp. (3), E. strigella
(1), and F. fruticum (1); only one individual originated
from an anthropogenic site, which was a long-time
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disused limestone quarry in the middle of a large well-pre-
served karstic area (Table S2). Larvae of D. concolor are
predators of helicid and clausiliid snails (Baronio, 1974;
Schilthuizen ef al., 1994). The drilid larvae form oval
holes in the shells through which they enter in, devour the
living snail, moult inside the shell, leave the shell and
search actively for a couple of additional snails over the
course of 2 years until their metamorphosis (Schilthuizen
et al., 1994; Baalbergen et al., 2016). In the autumn and
winter, the larva becomes twice in its life a pseudopupa
and enters hibernation. A full-fed drilid larva pupates in
the spring. The males are winged. The females are larvi-
form and live mostly hidden inside the shells. Adults of
both sexes are, however, short-lived and not expected to
overwinter in the shells (Bocdk et al., 2010). We did not
rear any larvae, only five adults (four females and one
male). All identified individuals belonged to D. concolor.
Thus, in the study region, this species occupies the
xerothermic sites similar to those occupied by
D. flavescens in Western Europe although the Western
European populations of D. concolor appear to be centred
more around wet and shady habitats.”> The reasons why
this species did not manage to colonise the anthropogenic
sites that are rich in snails remain unclear.

Conclusions

We provided a conclusive evidence on the presence of spe-
cies-rich insect assemblages in empty shells of terrestrial
snails across a broad range of habitats. Terrestrial snail
shells can be considered partial resources according to
Westrich (1996), and as such, they are increasingly avail-
able in anthropogenic habitats, which is caused by the
expansion of multiple snail species to various anthro-
pogenic landscapes in the study area and worldwide.
However, we show that this increased availability of snail
shells is insufficient for the transition of all species of snail
shell adopters from natural to anthropogenic habitats.
The avoidance of anthropogenic habitats among snail
shell adopters was particularly prominent in species that
use them only as a winter retreat but which require addi-
tional feeding and breeding resources, such as the true
bugs. The availability of snail shells is thus a pre-requisite
of the presence of specialised snail shell adopters but is
not necessarily sufficient to establish their presence in the
respective habitat.

Acknowledgements

We thank Miroslav Bartak (Czech Agricultural University,
Prague, Czech Republic), Jan Bezdék (Mendel University,
Brno, Czech Republic), Kamil Holy (Crop Research Insti-
tute, Prague, Czech Republic), Zbynék Kejval (Museum of

2http://www.coleo-net.de/coleo/texte/drilus.htm

Insects of empty snail shells 203

Chodsko Region, Domazlice, Czech Republic), Olga
Komzdkova (Research Institute for Fodder Crops, Troub-
sko, Czech Republic), Jan Macek (National Museum, Pra-
gue, Czech Republic), Bohuslav Mocek (Museum of East
Bohemia, Hradec Kralové, Czech Republic), Thomas H.
Pape (National History Museum, Copenhagen, Denmark),
Marc Pollet (Research Institute for Nature and Forest,
Brussels, Belgium), Martin Schwarz (Biologiezentrum,
Linz, Austria), Jifi Skuhrovec (Crop Research Institute,
Prague, Czech Republic), Jan Sumpich and Michal Tkoé¢
(both from National Museum, Prague, Czech Republic) for
the identification and/or revision of some of the study spe-
cies. We thank Gunnar Mikalsen Kvifte (Purdue Univer-
sity, West Lafayette) for his thoughts on the status of
P. humeralis and to Bjorn Rulik (Alexander Koenig
Museum, Bonn) and the GBOL project (GBOL1: BMBF
#01LI1101A/#01LI1501A) for assistance with DNA bar-
coding. PBo was supported by the University of Hradec
Krédlové (grant numbers Specific Research 2101/2016 and
2105/2017). JR was supported by the Ministry of Culture of
the Czech Republic by institutional financing of long-term
conceptual development of the research institution (the
Silesian Museum, MKO000100595, internal grants of the
Silesian Museum 1GS201706/2017 and 1GS201806/2018).
PBa was supported by the Mendel University (grant
number MENDELU AF-IGA-2018-tym004). OK and PJ
were supported by the Charles University (grant number
SVV/260434/2017). PJ was supported by the Charles
University (grant number UNCE 204069).

Authors’ contributions

PBo and PH conceived the ideas and designed methodol-
ogy; PBo, AA, LH, and PH collected the materials; PBo,
JR, PBa, OK, PP, PJ, and KH identified the materials;
PH analysed the data and wrote the manuscript. All
authors contributed critically to the drafts and gave final
approval for publication.

Data accessibility

Essential supporting information is provided as supple-
mentary materials (ESM1 and ESM2).

Supporting Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.

Table S1. List of sampling sites, including sampling
dates, coordinates of the sampling sites and distances
between sampling sites in each pair.

Table S2. List of insect species found, including their
Red List status, the person responsible for the species
identification, the number of snail shells positive for the
respective species in the natural and anthropogenic envir-
onments, sampling sites and host snail species.

© 2018 The Royal Entomological Society, Insect Conservation and Diversity, 12, 193-205


http://www.coleo-net.de/coleo/texte/drilus.htm

204  Petr Bogusch et al.
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reared, number of insect individuals per shell, dominance,
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V ramci vyzkumu jsme na vybrané lokality s pfirozené se vyskytujicimi ulitami umistili
ulity barevné oznacené (Cervené, ptipadné zluté) od 6 druhli suchozemskych plzi. Jednalo se
o druhy Caucasotachea vindobonensis, Fruticicola fruticum, Helix pomatia, Monacha
cartusiana, Xerolenta obvia a Zebrina detrita. Lokalit bylo celkem 21 (16 v CR,
5 vV Mad’arsku), 13 z nich bylo pfirodniho (fragmenty stepnich travnatych porosti nebo lesnich
stepi) a 8 (polo)otevienych antropogenniho ptivodu (dva vapencové lomy, dvé piskovny, dva
silni¢ni naspy, jedna spraSova vrstva v jilovné a vysypka po tézb&é hnédého uhli).

Na kazdou lokalitu bylo rozmisténo po 50 ulitdch od kazdého druhu plze s vyjimkou
druht F. fruticum a M. cartusiana, kterych bylo vzdy po 10 kusech. Ulity byly pokladany na
povrch zemée ve skupinach linedrné za sebou. Umisténi probéhlo béhem zimy a prvni poloviny
jara 2017 pied obdobim hnizdéni a ulity byly ndsledné sbirany od podzimu 2017 do zimy 2017—
2018. Ulity jsme nasledné vlozili do pytli z netkané textilie a ponechali pfi venkovnich
teplotach chranéné pred vodou do ledna. V lednu jsme vSechny ulity otevieli, odebrali z nich
vzorky pylu a plisni, které jsme poslali na analyzu, zaznamenali si druh plze a strukturu kazdého
hnizda, dospélé vcely byly fixovany v ethanolu, juvenilni jedince jsme piemistili do
mikrozkumavek, uzavieli vatovou zatkou a nechali je dokoncit vyvoj, nasledné jsme je urcili.

Zjistili jsme, Ze experimentalné umisténé ulity byly v porovnani s témi ptirozené se
vyskytujicimi €asto vice obsazeny, tento rozdil byl ndpadnéjsi na antropogennich lokalitach.
Zastoupeni druhi ve znacenych a pfirozené se vyskytujicich ulitach bylo podobné, druhy se
vétSinou vyskytovaly v obou typech stanovist (nckdy s vyS$i abundanci na ptirodnich
lokalitach), nékteré byly zaznamenany jen na lokalitdich pfirodnich. Z ulitovych véel byly
zaznamenany druhy Osmia aurulenta, O. bicolor, O. rufohirta, O. spinulosa a Rhodanthidium
septemdentatum, z jejich blanoktidlych parazitd pak kukac¢¢i veela Stelis odontopyga, zlaténky
Chrysura dichroa a C. trimaculata a drvenka Sapyga quinquepunctata. Experimentalné jsme
potvrdili, ze prazdné ulity plza slouZzi jako limitujici zdroje pro specializované vcely a vosy,
a to dokonce 1 na lokalitach, kde se ulity pfirozené vyskytuji v hojném mnozstvi. Zalezi oviem
nejen na samotné piitomnosti ulit, ale také na jejich kvalité. Dale jsme opét potvrdili, Ze si
jednotlivé druhy véel pro své hnizdéni nevybiraji ulity podle konkrétnich druhu, ale spise podle

typu ulity ¢i jeji velikosti.
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ABSTRACT

Observational studies have suggested that the presence of snail shells correlates with the presence of specialized
adopters, particularly bees and wasps (Hymenoptera: Aculeata). However, should the empty shells be considered
limiting resources once they are present in the respective habitat even if observational studies suggested low
ratio of occupied relative to total shells? We performed a manipulative experiment, which consisted of the
addition of marked snail shells of six terrestrial species that dominate the open and semi-open central European
habitats to 21 sites with naturally present shells. We deployed empty shells for the spring and summer 2017,
allowed their inhabitants to undergo a diapause during the follow-up winter period and complete metamor-
phosis. The specialized bee and wasp species abundantly occupied the provided shells and the occupancy rates
were several times higher in experimentally provided shells compared to the naturally present shells. These
differences in occupancy rates were higher at anthropogenic compared to natural sites and at sites with more
limited availability of naturally present shells. In contrast, the few sites at which the examined resource was
superabundant, both the naturally present and the experimentally provided shells were occupied only to a
limited extent. The species composition of assemblages that occupied the experimentally provided and naturally
present shells were similar, and the differences in species composition between the natural and anthropogenic
sites resembled those exhibited in the naturally present shells. In conclusion, we experimentally confirmed that
empty snail shells serve as limiting resources for specialized bees and wasps even at sites where the naturally
present shells are perceived as abundant.

1. Introduction

resources drives the community structure of bees. Two factors domi-
nated the nesting resources needed, the availability of bare ground (for

For bees and wasps, habitat quality reflects two sets of environ-
mental variables, the availability of food and nesting resources. These
resources are often located in a form of partial habitats — both need to
be available locally but may be spatially segregated within the habitat
(Westrich, 1996). The importance of food resources has been repeatedly
demonstrated (e.g., Petanidou and Vokou, 1990) and is already re-
flected in conservation measures, such as agri-environmental schemes
that aim to enhance the floral communities. In contrast, the importance
and quality of nesting resources is an emerging yet under-researched
topic; with most data available only for soil-nesting species (e.g., Cane,
1991; Potts and Willmer, 1997; Srba and Heneberg, 2012). When the
requirements of the whole bee community were analyzed together,
about 40% of the variation in species abundance and 61% of the var-
iance in the guild structure were explained by the availability of nesting
resources (Potts et al., 2005). Therefore, the presence of specific nesting

soil-nesting species) and the availability of suitable nesting cavities (for
cavity-nesting species) (Potts et al., 2005). The suitable nesting cavities
may include empty snail shells, abandoned burrows in wood, plant
stems, reed stalks, old walls, rock cavities or old nests of mud daubers
or gall wasps. Only some cavity nesters are generalists, whereas most of
such species represent taxa that are more-or-less strictly specialized
only for one type of nesting cavity. Agri-environmental measures that
would support the availability of nesting resources within cultural
landscapes are absent, despite the successful habitat management re-
quires nesting resources to be supported to allow diverse bee and wasp
communities and to support associated pollination services of bees and
biocontrol services of wasps. In the present contribution, we focus on
bee and wasp species that utilize empty shells of terrestrial snails as
their only nesting habitat.

Observational studies revealed that the presence of terrestrial snail
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shells correlates with the presence of specialized adopters, particularly
bees and wasps (Hymenoptera: Aculeata). The shell adopters among the
aculeates do not represent a monophyletic group; instead, this behavior
developed independently in several genera of mason bees from the
Osmiini and Anthidiini tribes, the crabronid Tachysphex hermia and
several potter and pollen wasps. The bees that nest in snail shells are
further parasitized by the cleptoparasitic bee genus Stelis, by multiple
species of cuckoo wasps, velvet ants of the genus Tricholabiodes, sapygid
wasps, beetles from the family Cleridae and the bombylid bee flies
Apolysis hesseana and Anthrax aethiops (Gess and Gess, 1999;
Celechovsky, 2015; Miiller and Mauss, 2016; Miiller et al., 2018;
Bogusch et al., 2019). Some of these species have colonized anthro-
pogenic habitats where they nest in shells of expanding snail species.
These snail species with expanding distribution ranges are represented
in the study region by Xerolenta obvia, Cepaea spp., Caucasotachea vin-
dobonensis, Helix pomatia, and Zebrina detrita.

Previous studies have been only observational; experimental data
are absent. Therefore, it remained unclear whether the empty shells can
be considered limiting resources once they are present in the respective
habitat even if low ratios of occupied relative to total shells were re-
ported (Bogusch et al., 2019). The abundance of live snails may vary
dramatically and may reach over 1000 individuals m~?2 in the grass-
lands as well as woodlands (Martin and Sommer, 2004; Cernohorsky
et al., 2010). In addition, the presence of empty shells is dependent not
only on the presence of live snails but also on the pH of the soil and
litter. Lower pH values cause empty shells to dissolve relatively quickly,
perhaps even in less than one year and may cause that the numbers of
available shells differ by over one order of magnitude across the pH
gradient of the soil (Cernohorsky et al., 2010). Consistently with the
above, nearly all empty shells that we collected in quartz sand pits were
usually of poor quality, brittle and frail, whereas empty shells of the
same species that were collected at calcareous grasslands were much
better preserved (Heneberg, pers. obs.). Therefore, alongside with the
presence of shells, the quality of shells may be limiting the nesting of
shell-specialized inquilines as well.

Reflecting the absence of experimental data, we deployed a specific
form of trap nests that consists of marked empty shells of terrestrial
snails. Trap nests have been used for research on bees and wasps in
multiple habitats, and consisted mostly of nests made of various stems
(e.g., Gathmann et al., 1994) or other cavities, such as the reed galls
(e.g., Heneberg et al., 2017b). The deployment of marked shells allows
analyzing, whether the examined sites suffer from a lack of the de-
ployed nesting resource even though the habitat provides abundant (or
superabundant) food resources. The deployment also allows the com-
parison of habitats of various parameters and, thus, the identification of
preferred habitats independently on the availability of the deployed
nesting resource. In contrast, the limitation of this approach stems from
possible absence of specialists for the deployed nesting resource if such
a resource is naturally absent from the examined site. To reflect the
above, in the present study, we avoided the deployment of marked
shells to habitats, from which the naturally present empty shells were
completely absent.

In the present study, we hypothesized that the empty shells are a
limiting nesting resource for specialized aculeate hymenopterans. To
test this hypothesis, we performed a manipulative experiment that
consisted of the deployment of marked shells to habitats where thou-
sands of shells were naturally present onsite and of the examination
whether and to which extent will the specialized aculeate hyme-
nopterans and associated parasitic species occupy the deployed shells.

2. Materials and Methods
2.1. Study design

One year ahead of the study onset, we collected empty well-pre-
served shells of adult individuals of the below-specified snail species
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and allowed their content to emerge at room temperature in order to
make sure that no aculeate hymenopterans were present. We deployed
the shells to linear transects in 21 open habitats that were distributed
across Czechia (16 sites; two in the Pannonian biogeographic region
and 14 in the Continental biogeographic region) and in northwestern
Hungary (five sites, all in the Pannonian biogeographic region)
(Fig. 1A); the list of transects, including their geographical coordinates,
is provided in Table S1. The study sites included 13 natural sites
(fragments of steppic grasslands or forest steppes) and eight (semi-)
open habitats of anthropogenic origin (two limestone quarries, two
sand pits, two roadside verges, a loessic stratum in a claypit, and a
lignite open cast mine spoil heap; all sites except the roadside verges
were subject to natural vegetation succession). The information on the
species composition of empty shells that were naturally present on the
soil surface of the examined habitats was available for 15 of the 21 sites
and was published previously (Bogusch et al., 2019).

We deployed the following numbers of color-marked shells along
each transect: 50 shells of C. vindobonensis, 10 shells of Fruticicola fru-
ticum, 50 shells of H. pomatia, 10 shells of Monacha cartusiana, 50 shells
of X. obvia and 50 shells of Z. detrita. In total, we deployed 4620 shells
to the soil surface of the transects during the winter and first half of the
spring of 2017. We allowed the shells to be exposed at the transects
until the end of the vegetation season and collected them from
September through December 2017. When searching for the deployed
shells, we examined the litter and soil surface in a strip of at least
200 cm in width alongside each transect for the presence of marked
shells. We found many of the shells being destroyed; moreover, we had
difficulties to find those of the small snail species. Some shells also may
have been transferred by the hymenopterans or other organisms outside
the surroundings of examined transects. The combination of these re-
sulted in the collection of only 2120 marked shells (45.9% of the de-
ployed number) with the following species-specific ratios of shells
found: C. vindobonensis 52.8%, F. fruticum 47.6%, H. pomatia 58.0%, M.
cartusiana 33.3%, X. obvia 36.1%, Z. detrita 38.9%. From each transect,
we retrieved 101 *= 39 shells (range 30-163 shells).

After the collection of the shells, we stored them in ventilated bags
made of a nonwoven fabric at the outdoor temperature, protected from
water precipitation, until January in order to induce the freeze-induced
diapause and enhance the rearing success. In January, we opened all
the collected shells, examined their content, recorded the adult bees
and moved the juveniles into cotton-plugged Eppendorf microtubes and
allowed them to develop when exposed to a daylight cycle at tem-
peratures between 15—23 °C for six months.

2.2. Statistical analyses

We recorded the number and species of all aculeate hymenopterans
and their parasites that were present in the shells. To estimate their
species richness, we calculated the Chao-1 estimator, corrected for
unseen species. To compare species richness of the analyzed datasets,
we calculated the number of shared species, the Sgrensen, Bray-Curtis
and the combined Chao's Sgrensen estimated abundance-based simi-
larity indices. We also calculated total numbers of species and in-
dividuals found, and the basic diversity indices including the dom-
inance (D = 1 - Simpson index), equitability, Fisher's alpha and Berger-
Parker dominance indices. We compared the diversity indices by
bootstrapping. We used x> test with Yates correction to analyze the
differences in abundance; normality of the distribution of underlying
data was tested using Shapiro-Wilk normality test. We performed all the
calculations in SigmaPlot 12.0, EstimateS 9.1.0 and PAST 2.14. Data are
shown as mean *+ SD unless stated otherwise.

3. Results

In total, we reared 231 individuals of 10 species of aculeate hy-
menopterans that we identified to species. In addition, we found one



P. Heneberg, et al.

Occupancy [individuals per 100 shells]

DE

®
%
L0
A
O
°
%
O

A .

Sampling sites

Bi
cz
()
L]
SK
AT
[CJ
HU O
()
()

Hspi pomp Cdic Oaur Obic

Occupancy [individuals per 100 shells]

I Experimentally deployed
[E=1 Naturally present

C

| ] | o

Ecological Engineering 142 (2020) 105640

40

30 1

Abundance

20 1

I Anthropogenic
== Natural

[ l m s} I n @ I[I

Hnie Hspi pompchalc Cdic Csp Ctri Oaur Obic Oruf Rsep Aaet Sodo

Species acronym

Occupancy [individuals per 100 shells]

I Experimentally deployed
[E=1 Naturally present

Oruf Sodo Anig Acar Squi Hspi Cdic Ctri Oaur Obic Oruf Rsep Aaet Sodo Acar Squi
Species acronym Species acronym
10 A -
I C. vindobonensis
I . fruticum
3 H. pomatia
8 [ M. cartusiana
I X. obvia
B Z detita
i E
4 E
2 -
0 . m B ow I (Hu D
Hnie Hspi Cdic Ctri Qaur Obic Oonuf Rsep Aaet Sodo

Species acronym

(caption on next page)



P. Heneberg, et al. Ecological Engineering 142 (2020) 105640

Fig. 1. Location of study sites, the numbers of materials examined and the rarefaction curves of reared insects. (A) Location of study sites in the Czech Republic and
Hungary. (B) Number of aculeate hymenopterans and their parasites present in shells that were deployed in anthropogenic and natural habitats. (C-D) Differences in
the occupancy of experimentally deployed and naturally present shells by aculeate hymenopterans and their parasites in anthropogenic (C) and natural (D) habitats.
Data were calculated as numbers of individuals per 100 examined shells from all sites, at which the respective species was present in either experimentally deployed
or naturally present shells. (E) Occupancy rates of experimentally deployed shells by aculeate hymenopterans and their parasites. Acronyms of insect species: Hnie:
Hedychrum niemelai, Hspi: Hoplosmia spinulosa, pomp: Pompilidae gen. sp., chalc: Chalcididae gen. sp., Cdic: Chrysura dichroa, C sp: Chrysura sp., Ctri: Chrysura
trimaculata, Oaur: Osmia aurulenta, Obic: Osmia bicolor, Oruf: Osmia rufohirta, Rsep: Rhodanthidium septemdentatum, Aaet: Anthrax aethiops, Sodo: Stelis odontopyga,

Anig: Anoplius nigerrimus, Acar: Auplopus carbonarius, and Squi: Sapyga quinquepunctata.

Table 1

The diversity of assemblages of aculeate hymenopterans and their parasites differed at the anthropogenic and natural sites in experimentally deployed and naturally

present shells.

Group Anthropogenic habitats Natural habitats Experimentally deployed Naturally present
Comparison Deployed vs. naturally Deployed vs. naturally Anthropogenic vs. natural Anthropogenic vs. natural habitats
present present habitats
No. of species, group 1 8 8 8 9
No. of species, group 2 9 9 8 9
Shared species 7 8 6 7
Serensen index 0.823 0.941 0.750 0.777
Chao-Sgrensen index, estimated 0.985 + 0.000 1.000 = 0.000 0.982 + 0.000 0.999 + 0.000
abundance-based, + SD
Bray-Curtis index 0.489 0.848 0.822 0.438

shell with the representatives of Chalcididae, one shell with uni-
dentified Chrysura sp., five aculeate larvae that did not hatch, and 28
individuals of the parasitic bombylid dipteran A. aethiops. Detailed list
of species retrieved from each examined site is provided in Tables
S2-S3.

Concerning the natural and anthropogenic sites, shells that were
deployed to either of these habitat types attracted eight species of
aculeate hymenopterans, six of which were shared between both da-
tasets. The presence/absence-based Sgrensen similarity index reached
0.75 and the abundance-based Bray-Curtis index reached 0.822.
However, the Chao's Sgrensen estimated abundance-based similarity
index reached 0.982 = 0.000. The dominance was higher at the an-
thropogenic sites (0.31 vs. 0.23; Ppootstrapping = 0.02). The equitability
and Fisher alpha were equally low in both habitat types (0.70 vs. 0.78,
and 2.05 vs. 1.87, respectively; Ppootstrapping > 0.05 for both). The
higher value of the Berger-Parker index in anthropogenic habitats (0.47
vs. 0.34; Poootstrapping = 0.04) suggested the higher numerical im-
portance of the most abundant species in these less stabilized habitats.
Concerning the comparison of experimentally deployed and naturally
present shells, we found that while the assemblages at natural and
anthropogenic sites were highly similar to one another, the deployed
and naturally present shells differed strongly in abundance at the an-
thropogenic sites as revealed by the Bray-Curtis index that reached only
0.489 as compared to 0.848 for the natural sites (Table 1). Except in-
cidental findings (1 X Hedychrum niemelai and 1 X Anoplius nigerrimus),
all other species were either equally present at sites of the natural and
anthropogenic origin (e.g., Osmia aurulenta and Osmia rufohirta) or were
more abundant at sites of the natural origin (e.g., Osmia bicolor, Ho-
plosmia spinulosa and Chrysura dichroa), with Chrysura trimaculata,
Rhodanthidium septemdentatum and A. aethiops being only reared from
sites of the natural origin (Fig. 1B).

As the Bray-Curtis index suggested species-specific differences in
abundance, we calculated the occupancy rates of the shells for each
species found and analyzed separately for the natural and anthro-
pogenic sites. We found that in both habitat types the experimentally
deployed shells were occupied by higher numbers of aculeate hyme-
nopterans compared to the naturally present ones. This difference was
more prominent at the anthropogenic sites (Fig. 1C-D) and reached one
order of magnitude or more for the dominant species H. spinulosa (4.39
vs. 0.57 individuals per 100 shells) and O. rufohirta (2.25 vs. 0.08) and
only slightly less for other bees of the genus Osmia, namely O. aurulenta
(3.09 vs. 0.70) and O. bicolor (2.68 vs. 0.44) (x2 test with Yates

correction p < 0.01 each). In addition, R. septemdentatum and the
parasitic bombylid fly A. aethiops were completely absent from the
naturally present shells despite they were present in the experimentally
deployed shells, with A. aethiops being represented by 28 individuals
from multiple nests. There was no common species that would be more
abundant in the naturally present shells.

Despite large numbers of experimentally deployed and naturally
present shells, the hymenopterans occupied only a fraction of them,
with numerous findings of nesting bees in only the experimentally de-
ployed or only the naturally present shells. For O. aurulenta and O. bi-
color, the numbers of sites where the experimentally deployed shells
were occupied but the naturally present were not exceeded those for
which the reverse would be true or those at which both types of shells
would be occupied. The presence/absence data were as follows: O.
aurulenta was present at 8 sites in deployed shells only vs. at 1 site in
both shell types vs. at 2 sites in naturally present shells only, and O.
bicolor was present at 8 sites in deployed shells only vs. at 3 sites in both
shell types vs. at 1 site in naturally present shells only (Table 2). We did
not find any species that would be identified at a statistically higher
number of sites based on the collection of the naturally present shells
despite the numbers of collected naturally present shells were always
several times higher than the numbers of experimentally deployed
shells; the species with the distribution most inclined towards the
naturally present shells were O. rufohirta (1 vs. 2 vs. 3 sites) and Au-
plopus carbonarius (0 vs. 0 vs. 3 sites). We cannot exclude the effects of
the microhabitats or differences between years as the naturally present
shells were collected in 2016 but the experimentally deployed ones
were collected in 2017. At some sampling sites, such as Bikolpuszta or
Brno-Hady, we found six species of hymenopterans and their parasites
to occupy the experimentally deployed shells but no species in the
naturally present shells. In contrast, at the sampling site Pise¢ny vrch,
there were only three species in the deployed shells, all of which were
simultaneously present in the naturally present shells. However, the
naturally present shells hosted additional five species, some of which
(O. aurulenta and H. spinulosa) were present at a very high abundance
and readily occupied experimentally deployed shells at other sites.

Regarding the preferred snail species, the abundantly present
aculeate hymenopteran species accepted shells of multiple snail species
with the lowest abundances found in the small species. Particularly, Z.
detrita attracted a very limited spectrum of hymenopterans and all in
low abundances, with only H. spinulosa, C. dichroa and O. rufohirta
found in experimentally deployed shells of this species (Fig. 1E). In
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Table 2
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Comparison of the proportion of aculeate hymenopterans and their parasites that were present in both experimentally deployed and naturally present shells at the
same site, or only in experimentally deployed or naturally present shells in anthropogenic and natural habitats. Shown are the numbers of sampling sites that fulfilled

the specified conditions.

Habitat Anthropogenic (npaired = 6) Natural (Npajrea = 9)

Species\shell type Experimentally deployed Both Naturally present Experimentally deployed Both Naturally present
Hoplosmia spinulosa 1 1 1 4 0 2
Pompilidae gen. sp. 0 1

Chrysura dichroa 1 1 0 3 1 2
Chrysura sp. 0 0 1
Chrysura trimaculata 1 0 1
Osmia aurulenta 2 1 1 6 0 1
Osmia bicolor 3 1 0 5 2 1
Osmia rufohirta 1 1 3 0 1 0
Rhodanthidium septemdentatum 1 0 0
Anthrax aethiops 3 0 0
Stelis odontopyga 0 1 0 0 1 1
Anoplius nigerrimus 0 0 1

Auplopus carbonarius 0 0 1 0 0 2
Sapyga quinquepunctata 0 0 1 0 0 1

contrast, X. obvia hosted a broader spectrum of species, but most of
them in low abundance, again except H. spinulosa and O. rufohirta. The
latter species was abundantly present only in these small-sized shells,
was completely absent from the shells of adult H. pomatia and was only
sporadically present in the shells of C. vindobonensis (Fig. 1E). The ra-
ther thin shells of M. cartusiana were avoided at all and we detected
only two such shells with A. aethiops but unknown host species. In
contrast, the shells of H. pomatia, F. fruticum and C. vindobonensis were
abundantly occupied, with O. aurulenta, and the parasites S. odontopyga,
C. dichroa and A. aethiops being more abundant in H. pomatia shells. The
C. vindobonensis shells, together with the F. fruticum shells, were pre-
ferred by O. bicolor and hosted exclusively the less abundant species R.
septemdentatum and H. niemelai.

Some of the nests were mixed. For example, the only nest of O.
rufohirta in other than small-sized snail species was a mixed nest with O.
bicolor (nest from the sampling site Z4jezd, in order from the plug: O.
rufohirta M, O. bicolor M, O. bicolor M). The parasitized nests included
those of O. aurulenta that were parasitized by C. dichroa (nest from the
sampling site Zajezd, with five chambers, in order from the plug: O.
aurulenta M, C. dichroa M, O. aurulenta M, O. aurulenta F, O. aurulenta F;
nest from the sampling site Kamyk, with seven chambers, in order from
the plug: O. aurulenta, C. dichroa, C. dichroa, O. aurulenta, O. aurulenta,
C. dichroa, O. aurulenta; nest from the sampling site Patokryje, with four
chambers, in order from the plug: O. aurulenta, C. dichroa, C. dichroa, O.
aurulenta; nest from the sampling site Rana, with eight chambers, in
order from the plug: C. dichroa, O. aurulenta, O. aurulenta, C. dichroa, O.
aurulenta, O. aurulenta, O. aurulenta, O. aurulenta; and other less con-
clusive nest arrangements). One nest of O. bicolor was also parasitized
by C. dichroa (nest from the sampling site Prokopské tdoli, with two
chambers, in order from the plug: C. dichroa F, O. bicolor M). One nest of
H. spinulosa was also parasitized by C. dichroa (nest from the sampling
site Rand, with three chambers, containing 2x C. dichroa and 1 x H.
spinulosa). One nest of H. spinulosa was also parasitized by S. odontopyga
(nest from the sampling site Radovesicka vysypka, with three chambers,
in order from the plug: H. spinulosa, S. odontopyga, S. odontopyga; nest
from the sampling site Radovesickd vysypka, with two chambers, in
order from the plug: H. spinulosa, S. odontopyga). The nests with A.
aethiops did not contain any host species larvae.

4. Discussion

We experimentally confirmed that empty snail shells serve as lim-
iting resources for specialized bees and wasps even at sites where the
naturally present shells are abundant. Therefore, the empty shells limit
the ability of the specialized bee and wasp species to nest in the

respective habitats. The concept of nesting limitation by the availability
and quality of empty shells is similar to the concept of limitation by
other resources that are needed by the bees and wasps — the food re-
sources and various other nesting resources. If empty snail shells are
absent, the specialized bee and wasp species cannot be present.
Moreover, the experimentally deployed shells were adopted even at
sites where naturally present shells were superabundant. It means that
the deployed shells were of higher perceived quality, perhaps because
they were empty, without any ants colonies or spiders present at a time
of addition and because they were clean, without any decaying matter
inside of them. The limiting role of the presence of shells at sites where
the naturally present shells are abundant was unexpected prior the
present study was performed. It resembles the situation with other
cavity adopters, which are often limited by various physical char-
acteristics of the cavities and their surroundings. This dependence is
particularly known for cavity adopters among birds, which are known
to reflect not only the number of available cavities (Newton, 1994;
Gibbons and Lindenmayer, 2002; Heinsohn et al., 2003; Cockle et al.,
2010) but also their quality (Cockle et al., 2008). The limited avail-
ability of cavities is characteristic particularly for human-altered ha-
bitats (Wiebe, 2011) whereas the cavities are not considered limiting
nesting resources when being superabundant as are the cavities in
mature forests (Wesotowski, 2007). Cavity adopters among birds leave
many, up to 97%, of available cavities in natural forests unoccupied,
but many (but not all) of their populations increase after the provi-
sioning of additional high-quality cavities. In line with the present
study, Cockle et al. (2008) found a low occupancy of naturally present
cavities, which was in contrast to a much higher occupancy of experi-
mentally deployed cavities of uniform size (nest boxes), concluding that
this is because high quality cavities are rare and may limit populations
of cavity adopters. Similar data were also obtained by Lohmus and
Remm (2005). Some others studies which did not report increases in
abundance reported a switch from naturally present to experimentally
deployed cavities (Drent, 1984; Gauthier and Smith, 1987). Regarding
cavity adopters among insects, previous evidence on cavities as limiting
nesting resources is restricted to only a few studies. However, previous
studies that focused on cavities in common reed Phragmites australis
galls provided similar conclusions, suggesting that the reed galls com-
prised a limiting nesting resource for obligate reed specialists within
reed stands. This effect was more prominent at sites with human-altered
(mown) reed beds, which led to a sharp decrease in a number of
naturally available galls, but the species richness and abundance of
aculeate hymenopterans nesting in the trap nests dropped dramatically
when examined in galls that were deployed at sites distant from any
reed stands (Heneberg et al., 2017b).



P. Heneberg, et al.

In the present study, we found the experimentally deployed shells to
be occupied by proportionally more individuals compared to the
naturally present ones. This difference was very robust and was most
prominent at anthropogenic sites but present to a lower extent at nat-
ural steppic fragments too. Because we did not expect the experimen-
tally deployed shells to be occupied more than the naturally present
shells (as all the deployed shells were once present at some of the study
sites), the experiment was not designed in a way that would allow
tracking reasons for this observation. One possible explanation could
stem from the way of collection of the shells. The experimentally de-
ployed shells included those that were not visible on the surface but
were covered with grass, litter or upper soil strata. In contrast, the
naturally present shells were collected based on their visibility at the
soil surface or under the grass, twigs and leaves; however, we did not
search for them anywhere deeper in the litter or in the soil itself. This
may have caused that the species whose shells were hidden in the litter
or in burrows of vertebrates escaped our attention and biased the total
numbers downwards. The other explanation could stem from a better
quality of experimentally deployed shells as we did not deploy those
that were partially or fully broken, thin-shelled, crushy, etc. Third, all
the experimentally deployed shells were dry, free of any arthropods
that nest in decaying snail bodies. We do not know how many of the
shells that were collected as naturally present represented the snails
that died in the respective year. However, based on high abundances of
snail predators and specialists for dead snails, both reared from natu-
rally present shells, it is possible that these shells may be considered as
unsuitable by the aculeate hymenopterans until the snail body is
completely decomposed or the respective snail may die only after the
nesting period of aculeate hymenopterans. We assume that these freshly
dead snails may comprise a large proportion of the collected shells,
particularly at sites with neutral or acidophilous pH reaction of the soil
where the shells decay quickly and the most of those that are present
are not older than one or a few years (Cernohorsky et al., 2010).

Importantly, the comparison of the present study on experimentally
deployed shells to previously published data concerning the naturally
present shells (Bogusch et al., 2019) revealed that the spectrum of
species found was overlapping only when considering large datasets
like all the examined sites of anthropogenic or natural origin but not the
individual sampling sites. At the level of individual sampling sites, the
two methods often identified different species despite we convincingly
showed that they were capable to identify nearly identical species as-
semblages. This means that the numbers of collected experimentally
deployed shells (30-163 shells per site) or naturally present shells
(~500 shells per site) are insufficient to provide the full information on
spectra of specialized shell adopters that are present onsite. However,
collecting higher numbers of shells is often difficult because of their
hidden positions, particularly where they are not superabundant. The
pan trap experiments are thus likely more representative at least for
species that are attracted to the traditionally used bright colors
(Heneberg and Bogusch, 2014), which was corroborated by pan trap-
ping that was previously conducted at sampling sites Kvic and Louny
(Heneberg et al., 2017a).

Concerning the specialization of the examined species, we con-
firmed previous observational data on the specialization of O. rufohirta
for X. obvia and other small-sized shells, which was suggested already
by Bellmann (1981). Other than that, the dominant species showed
little specialization with the most of them occupying readily the large
shells made by adult H. pomatia and intermediate shells of C. vindobo-
nensis. This is in contrast to some of the previous studies. For example,
Miiller (2018) in his recent comprehensive review of the Hoplosmia
(sub)genus claimed H. spinulosa to be a specialist for “empty snail shells
of small to medium size”. However, in our manipulative experiment, H.
spinulosa readily accepted H. pomatia shells in proportionally same
numbers as those of X. obvia and four times more often than those of Z.
detrita with the numbers that were biased even more towards H.
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pomatia reported by the matching observational study (Bogusch et al.,
2019). Another dominant species, O. aurulenta, was previously reported
to “usually colonize medium-sized to large shells” (Miiller et al., 2018).
We found this species in these types of shells only with the shells of H.
pomatia being preferred over those of C. vindobonensis in a ratio 9.9:5.6
despite the distribution among these two host shell species was roughly
equal when using the observational data from the same region (Bogusch
et al., 2019).

Concerning the conservation of the species found, the present study
provided the first experimental evidence on the importance of high-
quality shells as partial habitats that allow the presence of specialized
aculeate hymenopterans. We show that empty shells are special nesting
resources that can limit the breeding densities of the specialized species
even if “some” shells are present on-site. We still do not know what the
parameters that denote the high- and low-quality shells are.
Nevertheless, we assume that at least a part of the perceived quality is
related to the content of the shell where the remains of the snail body
should be absent or removable. In addition, the shell itself should be
resistant to physical damage. The physical damage resistance may be
difficult to secure in areas with neutral or acidic soils and which may
also be more difficult to achieve in areas affected by acid rains (Cadée,
1999) and reflecting the decline in snail densities at calcium-poor (but
not at calcium-rich) soils during last decades (Graveland et al., 1994;
Graveland and van der Wal, 1996).

The manual addition of shells to habitats, where they are absent,
would contribute a little. Although it would be definitively useful at a
small-scale, it would resemble similar only temporarily- and locally-
effective attempts like the construction of “bee houses” with various
cavities for trap-nesting species. These types of management work when
the pollinator should be attracted to the respective orchard or a specific
garden but does not work at the landscape scale. From the nature
conservation point of view, the main conservation measure should be
the support of local snail populations by more stringent conservation of
non-arable areas with loose vegetation within and around orchards,
typically at south-exposed slopes or at soils with low water holding
capacity/cation exchange capacity. More stringent protection of such
areas would support the presence of vital snail populations that gen-
erate the sufficient amounts of empty shells for shell inquilines. We
have shown that the specialized shell adopters among hymenopterans
require the presence of shells of yet unknown specific properties, which
likely reflect the shell size, shell hardness, the absence of other shell
inquilines and the absence of decaying wet matter inside the shell. In
addition, the complete absence of shells from sites with abundant floral
resources completely prevents the presence of shell adopters. Some of
these species adapted to cultural landscapes and occupy roadside verges
and mines, but others have more specific habitat demands and survive
only in areas where the loose vegetation is present naturally or devel-
oped for decades since the last major disturbance, although the low-
intensity pressure of large herbivores could be beneficial for the sus-
tainability of many of these habitats. The shells remain onsite for a long
time only at areas with neutral or alkali soils; therefore, further re-
search should also address the question, whether soil liming can con-
tribute to better preservation of empty shells and whether it could be
used as a conservation measure at orchards with sandy soils.

Concluded, the present study identified empty snail shells as pre-
viously undervalued limiting nesting resource, the addition of which
can increase the populations of specialized aculeate hymenopterans
even at sites where empty shells are naturally present.
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Vétsina druhti véel a vos obyvajici stepi patii dle poslednich ¢ervenych seznaml mezi
druhy nejohrozenéjsi, mizici postupné z fauny stfedni Evropy. Ohrozené jsou predev§im druhy
hnizdici v zemi. Naopak druhy hnizdici v prazdnych ulitach se zacaly §itit vice nez v minulosti
a Vv aktualnich ¢ervenych seznamech povétsinou nefiguruji (Straka & Bogusch 2017). Doposud
vSak neexistovala zadna studie, ktera by se zménami Sifeni téchto stepnich druhti zabyvala.

My jsme v nasem vyzkumu shromazdili veSkera dostupna publikovana i nepublikovana
faunisticka data i ochranatska opatieni. Cilem bylo zjistit, zda jsou druhy hnizdici v ulitach
hnizdicimi v zemi (rod Eucera) a definovat hlavni faktory, které by mohly vysvétlit mozné
rozdily.

Shromazdili jsme informace o viech Sesti druzich véel hnizdicich v ulitach v CR (Osmia
andrenoides, O. aurulenta, O. bicolor, O. rufohirta, O. spinulosa, Rhodanthidium
septemdentatum), tfech v ulitach parazitujicich zlaténkach (Chrysura cuprea, C. dichroa,
C. trimaculata) a kukacc¢i vcele Stelis odontopyga parazitujici v hnizdech O. spinulosa. Ze
skupiny blanokfidlych hnizdicich v zemi a vyskytujicich se na stepnich biotopech jsme
k porovnavani vybrali druhy Eucera alticincta (Lepeletier, 1841), Eucera dentata (Germar,
1839), Eucera fulvescens (Giraud, 1863), Eucera interrupta Baer, 1850, Eucera longicornis
(Linnaeus, 1758), Eucera malvae (Rossi, 1790), Eucera nigrescens Pérez, 1879 a Eucera
pollinosa Smith, 1854. Seskupili jsme zaznamy sledovanych druht ziskané piedevsim
v muzeich a osobnich sbirkach v ramci Ceské republiky. K jednotlivym druhiim jsme vyhledali
GPS soufadnice jejich nalezi. Data byla nasledné rozdélena do dvou skupin (nalezy ziskané
pied a po roce 1990) a spolecné s klimatickymi daty pocitaCové zpracovana.

Vysledky ukézaly, ze druhy hnizdici v prazdnych ulitach (s jedinou vyjimkou, kterou
tvofi druh O. andrenoides) opravdu zvétsily velikosti svych populaci a rozsifily se na vice
lokalit oproti minulosti. Oproti tomu u véel hnizdicich v zemi doslo k opa¢nému vyvoji, tedy
k poklesu jejich pocetnosti a zmenseni arealt jejich rozsifeni. Klimaticka data navic naznacila,
ze druhy vc€el hnizdici v prazdnych ulitach plzh se $ifi smérem k vys$§im nadmotskym vyskam
a do mist s niz§imi primérnymi ¢ervencovymi teplotami. U druhd hnizdicich v zemi se vliv

klimatickych podminek ve vétSing piipadi nijak vyznamné neprokazal.


https://doi.org/10.1007/s10841-020-00232-4

Nase vysledky tedy naznacuji, Ze druhy hnizdici v ulitach jsou schopny kolonizovat
nové oblasti ve vyssich nadmotskych vyskach a/nebo s chladnéjsimi letnimi teplotami, na rozdil
od v¢el hnizdicich v zemi. Ve vétsiné ptipadl se navic zd4, ze ulitové druhy vytvorily silnéjsi
populace nez diive. V¢ely hnizdici v prazdnych ulitach tak pozitivné reagovaly na aktualni stav
ve svych stanovistich a vytvotily v nich silné populace. Je také zajimavé, ze druhy preferujici
oteviené nezarostlé lokality (tj. O. rufohirta, O. spinulosa a C. cuprea) se rozsifily vice nez
druhy preferujici travnaté a kiovinaté svahy (tj. O. aurulenta, O. bicolor a C. dichroa). Tato
skute¢nost muze souviset i se schopnosti né¢kolika druhli usazovat se na antropogennich
lokalitach, jako jsou Zelezni¢ni naspy a krajnice silnic.

Duvodem $ifeni druhd hnizdicich v ulitaich a ubytku druhG hnizdicich v zemi je
nepfiznivy management v priabehu 20. stoleti vedouci k pfeméné stepnich formaci v kovinna
stanovisté, dale pretvareni téchto lokalit v lesni plantdze nebo pole a s témito zmeénami
souvisejici vzrustajici pocet dostupnych plzich ulit jakozto vhodnych hnizdnich zdroji pro
ulitové druhy. Mnoha druhiim plzi totiz zarostlé biotopy vyhovuji mnohem vice, krom toho
nektefi plzi zacali vice obsazovat také antropogenni lokality, jako jsou vysypky, byvalé
vojenské prostory, ndspy silnic a Zeleznic apod. Zmény lokalit jsou déale spojeny s uplnou
absenci holych pidnich ploch ¢i pfeménou na piidu tvrdou, nevhodnou k hnizdéni, coz vedlo
k tbytku hnizdnich zdroji pro druhy hnizdici v zemi. Vhodnym managementem by se v§ak
ziejmé dalo zajistit, aby byly stepni lokality vhodné pro hnizdéni nejen ulitovych druhti, ale

i druhd hnizdicich v zemi.
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Abstract

Bees and wasps inhabiting steppe formations are, according to recent red lists, among the most endangered species, quickly
disappearing from local faunas of central European countries. Several species, which are specialised nesters in empty gas-
tropod shells, show the opposite pattern. Based on their distribution maps, we found that these species are recently more
common and widespread than in the past. In contrast, the bee species nesting in the ground showed clearly the opposite result.
They are much rarer now than in the past. Climatic data suggest that the bees nesting in gastropod shells have expanded
towards higher altitudes and/or areas of lower mean July temperature. The main reasons of these distributional shifts are (i)
unfavourable nature conservation management practices during the twentieth century, resulting in the successional shifts of
steppe formations towards shrubs and mesic grasslands, (ii) human-driven change of many sites towards wood plantations
or crop fields, and (iii) the increase of the number of available gastropod shells (i.e. nesting resources for shell-nesting bees)

in steppe habitats as the response to the mentioned successional changes.

Keywords Distribution - Steppe habitat - Reduction - Conservation - Eucera - Osmia - Chrysura

Introduction

Global changes in biotopes during approximately the last
hundred years have had a notable effect on the populations
of nearly all plant and animal groups (Van Swaay et al.
2006; Anderson 2008: Cizkova et al. 2013). Populations
of various species have been negatively influenced across
multiple spatial scales. Degradation or even destruction of
the whole biotopes have resulted in local or global extinc-
tion of many specialized species (e.g. the butterfly Chazara
briseis (Linnaeus, 1764), see Johannesen et al. 1997; Kadlec
et al. 2010). In the case of bees, the European Red List of
Bees (Nieto et al. 2014) shows that 9.2% of European spe-
cies are extinct or endangered, which is mostly caused by
significant changes of the habitats. Regional red-lists show
very similar results with usually even higher proportions of
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endangered species. For example, 86 species (14.5% of all
596 species recorded) of the bee species reported from the
Czech Republic are currently Regionally Extinct (RE), and
other 190 species (31.8%) are considered Critically Endan-
gered (CR), Endangered (EN), Vulnerable (VU), and Near
Threatened (NT) (Straka and Bogusch 2017a).

Azonal open-country habitats of the Central-European
temperate are among the most endangered biotopes, usually
due to their scattered distribution and small areas. Steppes
on southern and south-western hill slopes in warm regions
of the Czech Republic (thermophyticum sensu Skalicky
1988) are unique biotopes across the whole of Europe and
represent the most important remnants of the communities
that have been widespread across central European lowlands
since the last glacial period (Ellenberg 1988; Cizek et al.
2012; Pokorny et al. 2015; DiviSek et al. 2020). These habi-
tats host several steppe species of plants and animals charac-
teristic for glacial loess steppes during the cold intervals of
the Pleistocene (Horsék et al. 2015). Human activities have
maintained their occurrence since the Neolithic, keeping the
landscape open (LoZek 1964; Horsak et al. 2010; Pokorny
et al. 2015). The occurrence of many of them is associated
with the loess areas in Central Europe, while others pre-
fer rocky limestone sites (LoZek 1964; Macek et al. 2010).
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However, substantial changes of the landscape over the last
two or three centuries have reduced these steppe areas to
only very small refugial fragments surrounded by the cul-
tural landscape of fields, human settlements and forests.
Also, the afforestation by humans had the key importance
for the distribution of open habitats and their characteristic
species. It made the populations to become more and more
isolated, likely making the dispersal even among nearby sites
difficult (Hensen et al. 2010; Lindborg et al. 2012). However,
recent plant and insect surveys showed that both groups con-
tain species that have sufficiently high dispersal abilities to
colonise new sites (Tyrner 2005; Lastivka 2009; Lindner
et al. 2010). Therefore, it seems that the isolation of suitable
sites is not the main reason for the decline of these steppe
species, as usually suggested. Thus, successional changes in
the structure and composition of vegetation might rather be
an alternative explanation for these species declines. This
assumption is suggested by often not very precisely designed
or applied conservation management that mostly focuses
only on the species conservation but not on the entire habi-
tats. Many of these steppe sites have turned to forest-steppes,
shrubby slopes or became overgrown by meadow grass com-
munities during the twentieth century (Heneberg et al. 2013;
Tropek et al. 2013).

Bees and wasps (belonging to the monophyletic Aculeata
group) are usually associated with open habitat conditions.
A high proportion of the Central-European Aculeata fauna
is specialized to live in steppe habitats, while other habitat
generalists occur in any open and warm habitats, including
steppes (see Westrich 1989, 2018; Blosch 2000; Wisniowski
2009, 2014; Macek et al. 2010; Falk and Lewington 2015;
Scheuchl and Willner 2016). Thus, steppe biotopes can be
inhabited by most of the local faunas of bees and wasps
and may serve as the hotspots of the biodiversity for these
species. The recent red lists show an alarming scenario
that exactly the species associated with steppes are usually
those being most endangered or even regionally extinct.
For example, 92 out of 136 bee species highly preferring
steppe habitats are included in the Czech Red List of Bees
(Straka and Bogusch 2017a), which means that more than

two-thirds of bees disappeared from their habitats or are
close this situation. Including regionally extinct, critically
endangered and endangered species, the proportion of spe-
cies depending on steppe biotopes is the highest according to
the red-lists (Amiet 1994; Westrich et al. 2011; Bogusch and
Straka 2017a, b; Straka and Bogusch 2017a, b; for detailed
results see Table 1). Such a loss of only some species can be
considered a consequence of the changes in steppe biotopes.
Surprising, on the other hand, several species of bees
bound to steppe biotopes have recently become more wide-
spread than they had in the past. It is true, however, for
several species nesting in empty gastropod shells (Straka
and Bogusch 2017a). While ca 30 species in Europe nest in
shells (Miiller 1994; Miiller et al. 2018), only six of them
also occur in the Czech Republic (Bellmann 1981; Macek
et al. 2010; Miiller 2018) These bees are unique in the fact
that they make their nests only in empty gastropod shells
and use other types of cavities only very sporadically or not
at all. Furthermore, all these species highly prefer steppe
biotopes. Their development is also connected with their
species-specific parasites found only in their nests (genera
Chrysura Dahlbom, 1845 (Hymenoptera: Chrysididae)
and Stelis Panzer, 1806 (Hymenoptera: Megachilidae), see
Macek et al. 2010). However, there is no study quantifying
modern changes in the distribution and frequency of these
shell nesting species and possible causes of these changes.
In this study, we assembled all the available faunistic data
from published and unpublished sources as well as conserva-
tion measures to (i) explore whether the species nesting in
empty gastropod shells have recently become more common
and widespread than in the past, (ii) compare their distri-
butional data with a group of species nesting in the bare
ground (genus Eucera Scopoli, 1770), and (iii) define the
main factors that might explain possible differences. Bees of
the genus Eucera were selected because (i) there is enough
data on their occurrence in the Czech Republic; (ii) in the
past they were recorded from the same or nearby localities
as the shell-nesting species; (iii) they share the flight sea-
son with most of the shell-nesting species; and (iv) there is
only a very limited number of ecologically similar species

Table 1 Regionally extinct

.. . Species
species in the Czech Republic

Distribution

Last record

with the number of records in
the past; the last known site and
year of the occurrence is also
shown

Eucera caspica
Eucera cineraria
Eucera clypeata

Eucera hungarica

One record

Two localities in the southeast part of the country

Two localities in the southeast part of the country

One record in Bohemia and eight localities in the south-

Cejc; 1940
Pouzdfany; 1940
Muténice; 1943
Prostéjov; 1961

east part of the country

Eucera nana
Eucera salicariae

Eucera seminuda

One record
Three localities in the southeast part of the country

Five localities in the southeast part of the country, very

Pouzdfany; 1937
Dolni Véstonice; 1976
Muténice; 1943

close to one another
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classified in the same family Megachilidae as all the shell-
nesting species (most of them nest in cavities, if they nest in
ground, they are usually regionally extinct).

Materials and methods

We assembled data about all six shell nesting species in
the Czech Republic, i.e. Osmia andrenoides Spinola, 1808,
Osmia aurulenta (Panzer, 1799), Osmia bicolor (Schrank,
1781), Osmia rufohirta Latreille, 1811, Osmia spinu-
losa (Kirby, 1802), and Rhodanthidium septemdentatum
(Latreille, 1809), three cuckoo wasps parasitising in their
nests, i.e. Chrysura cuprea (Rossi, 1790), Chrysura dichroa
(Dahlbom, 1854), and Chrysura trimaculata (Forster, 1853),
and the cuckoo bee Stelis odontopyga Noskiewicz, 1926, a
nest cleptoparasite of O. spinulosa. As the group of spe-
cies nesting in the bare ground and specialised on steppe
habitats in the Czech Republic, we collected all faunistic
data for Eucera alticincta (Lepeletier, 1841), Eucera dentata
(Germar, 1839), Eucera fulvescens (Giraud, 1863), Eucera
interrupta Baer, 1850, Eucera longicornis (Linnaeus, 1758),
Eucera malvae (Rossi, 1790), Eucera nigrescens Pérez,
1879, and Eucera pollinosa Smith, 1854. We did not tackle
other species of this genus (i.e. Eucera caspica Morawitz,
1873, Eucera cineraria Eversmann, 1852, Eucera clypeata
Erichson, 1835, Eucera hungarica (Friese, 1895), Eucera
nana (Morawitz, 1874), Eucera salicariae (Lepeletier,
1841), and Eucera seminuda Brullé, 1832), that had been
recorded only in a single or several localities in the past
and had recently become regionally extinct according to the
Check-list (Bogusch et al. 2007) and Red-list of bees (Straka
and Bogusch 2017a).

We databased all the records of the selected species from
the museums and private collections in the Czech Republic.

It provided the majority of all known records of these spe-
cies from the Czech Republic. The collections from which
the records originate are listed in Table 2. Several data
were obtained from published sources (usually faunistic
notes from Czech journals), BioLib web server and data-
sets collected by the Czech Agency of Nature Conserva-
tion (AOPK CR). We sorted all the data to the species and
searched for the GPS coordinates, if not available with the
records. The data were divided into two groups: (i) records
before (called as “old” or “past” in the figures) and (ii) after
(called as “new” or “recent” in the figures) the year 1990.
These two datasets are also best suitable for the comparison
because most of the distribution data were collected between
1930-1955 (when many hymenopterists were active in for-
mer Czechoslovakia) and 1995-2017 when the situation was
very similar. The intensity of the research on bees and wasps
in both periods was similar, with a similar number of collec-
tors. They have been using preferably netting and sweeping
as the main methods, while usually yellow pan traps become
additionally used only recently. Steppes were the most pre-
ferred habitats by entomologists in the past. Therefore, it is
possible to compare records from the past and present as
the data are less biased by the intensity of studies than, for
example, those from wetlands and forests.

The spatial distribution of all species in both periods (old
and new) was processed in the ArcGIS ver. 10.2 software
(ESRI 2012). The GPS coordinates presented in the World
Geodetic System 1984 (WGS84) were transformed into the
point-type shapefile layer. The density and clustering of
all localities were presented as a spatial distribution of the
Kernel density estimation (KDE; Silverman 1986). In the
analyses of spatial data, the KDE function is commonly used
for the smoothing purposes that are based in the counting
of the points in the region (kernel) centred at the position
(pixel or grid point centre) where the estimation is made

Table 2 List of the studied
collections

Abb

Collection name

APPC
DBPC
DVPC
HKMC
JGPC
JSPC
LBPC
MHPC
MMBC
MRPC
MSBC
NMPC
PBPC
PTPC

Antonin Pridal, private collection

Daniel Benda, private collection

Dusan Veprek, private collection

Museum of east Bohemia, Hradec Kralové (curator Bohuslav Mocek)
Jaroslav Gahai, private collection

Jakub Straka, private collection

Lukas BlaZej, private collection

Marek Halada, private collection

Moravian Museum, Brno (curator Igor Malenovsky)

Martin Riha, private collection

Museum of south Bohemia, Ceské Budéjovice (curator Zdenck Kletecka)

National Museum, Praha (curator Jan Macek)
Petr Bogusch, private collection

Pavel Tyrner, private collection
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(O’Sullivan and Unwin 2010). The area corresponding to
the extent of occurrence (EOO—area contained within the
shortest continuous imaginary boundary that can be drawn
to encompass all the known, inferred or projected sites of
present occurrence of a taxon, excluding cases of vagrancy)
was measured as a standard minimum convex polygon (Gas-
ton 1991; IUCN 2012; Syfert et al. 2014) in the GIS software
environment. In the following step, the population density
was calculated based on the EOO area and the number of
localities. Climatic variables were adopted from the Atlas
of climate of the Czech Republic (Tolasz 2007), having
a resolution of 1 km?. Mean annual, July and January air
temperatures, and annual precipitation sums were obtained
based on the geographic coordinates using the ArcGIS 8.3
program (www.esri.com) and a digital elevation model and
the climatic maps referred above. Differences in elevation
and mean July temperature values between old and modern
records of the ground-nesting and the shell-nesting bee spe-
cies were tested using the generalized estimating equations
(GEE) with a Gaussian error structure. GEE is an extension
of the generalized linear models for situations when meas-
urements of the response variable are not independent (here
species), which gives rise to a correlated response per spe-
cies, assumed exchangeable. GEE provides correct marginal
or population average models even when the correlation
structure is not perfectly specified (Hardin and Hilbe 2003).
GEE data were fitted using a function from the ‘geepack’
package (version 1.2—1; Hojsgaard et al. 2006). The signifi-
cance of all predictors was tested using the Wald test. Dif-
ferences between the old and modern records in selected bee
species were tested using the non-parametric Mann—Whitney
U test. Correlations between all the climate variables and

Fig. 1 Percentage representa- 60
tion of habitat-specialized bees

and wasps in red-list categories
according to Bogusch and 50
Straka (2017a, b), and Straka
and Bogusch (2017a, b). EX
regionally extinct, CR critically
endangered, EN endangered,
VU vulnerable, NT near threat-
ened, LC least concern species.
Note that 174 species catego- 30
rized as data-deficient (DD) and
12 as not-evaluated (NE) were
not included in the counts
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the elevation were expressed in the form of Spearman cor-
relation coefficients. All analyses were performed in the R
environment (version 3.5.1; https://www.r-project.org/).

Results

Bees and wasps preferring steppe biotopes constitute a sub-
stantial proportion of the whole fauna of the Czech Repub-
lic (253 out of 1297 species, representing 19.5%). Because
only 11 species of the steppe specialists are classified as
least concern species (LC), the vast majority of species are
considered regionally extinct, threatened, or of conservation
concern (classified into the categories CR, EN, VU and NT).
Species of conservation concern represent more than 96% of
the steppe specialists but only 57% of all bee species. Fig-
ure 1 shows that the steppe specialists represent the largest
proportion of the regionally extinct, critically endangered
and endangered species while the proportion decreases in
other (lower) categories and is very low among the least
concern species. A similar pattern is well-visible also for
species preferring open sandy habitats, but it is a bit less
notable than for the steppe specialists. Among the eleven
least concern species of the steppe specialists, we can find
all six species of bees nesting in empty gastropod shells and
three cuckoo wasps of the genus Chrysura parasitizing in
their nests.

There is a clear change in the distribution of the species
nesting in empty gastropod shells when comparing their dis-
tribution across the two time-slices. Osmia andrenoides, a
thermophilous bee with its distribution placed in the Medi-
terranean, is the only species with decreasing populations
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and also a lower number of localities than in the past. It
has its northern distribution limit in the southeast of the
Czech Republic and has disappeared from its former locali-
ties, except the Palava Landscape Protected Area, a small
limestone mountain range in the southernmost part of the
country (Fig. 2). Most of the species, namely Osmia auru-
lenta, O. bicolor, O. spinulosa, Rhodanthidium septemden-
tatum, and the parasitic Chrysura dichroa showed notably

similar distributional patterns in both the past and recent
distributional maps. Their distribution area has slightly
expanded and the number of localities increased. Osmia
rufohirta, and the parasitic Chrysura trimaculata and Stelis
odontopyga enlarged their areas, expanding to the parts of
the country where they have not been previously recorded.
The Cuckoo wasp Chrysura cuprea, formerly occurring
only in the south-eastern part of the country, has recently

H. spinulosa

O. rufohirta
;ﬁ,ﬁ‘
e 00035 ‘w‘w\,\.
: % = K * >
old old ,,v\ \. o
o
; S
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> k . NS ~
=
e 4
Ve Sl
old et ?

—————— 1]

kernel density

species area (km?) localities (nr) density (localities.km-2)
old new old new old new
Chrysura cuprea 4220 17734 23 28 0.0055 0.0016
Chrysura dichroa 9480 34037 17 81 0.0018 0.0024
Chrysura trimaculata 8012 10236 6 15 0.0007 0.0015
Osmia andrenoides 4111 1 7 3 0.0017 5.4211
Osmia aurulenta 41516 54852 74 133  0.0018 0.0024
Osmia bicolor 26469 38415 45 90 0.0017 0.0023
Osmia rufohirta 15184 37589 32 76 0.0021 0.0020
Osmia spinulosa 26568 39629 44 69 0.0017 0.0017
Rhodanthidium septemdentatum 2901 5574 8 14 0.0028 0.0025
Stelis odontopyga 1343 14802 4 22 0.0030 0.0015

Fig.2 The density and clustering of localities for bees nesting in
empty gastropod shells and their parasites expressed by the spatial
distribution of Kernel density estimation (the higher number of local-
ities per area unit, the higher density). Old (before 1990) and new

(after 1990) occurrences are compared for each species separately.
Table shows the size of the distribution area in km? (EQO) in past
and present
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two hotspots of distribution: one in its former extent of the
occurrence and the second far away from this area around
the capital Prague and in north-western Bohemia. The extent
of the occurrence of all these species (Fig. 2) is larger than
it was in the past, while C. cuprea, C. dichroa, O. rufohirta
and S. odontopyga have enlarged their distribution (EOO)
more than twice (S. odontopyga more than 10times). The
species nesting in empty gastropod shells are virtually the
only steppe specialists that are still unendangered, becoming
recently even more widespread than in the past.
Ground-nesting bees showed completely opposite results
(Fig. 3). Only Eucera fulvescens currently occurs in the
same region, having a similar distribution, but has recently
become rarer than in the past. Eucera interrupta occurs in
two warm regions of the country but, recently, there have
been only several finds, contrary to the numerous records

in the past. Eucera longicornis and E. nigrescens are more
common than the others (and thus LC in the red list), but
their areas of distribution are much smaller than in the past.
Eucera pollinosa was newly recorded in Bohemia but nearly
disappeared from its former distribution area in the south-
east Moravia. Eucera malvae and E. dentata have become
regionally extinct in Bohemia while in Moravia they still
survive at several sites. Eucera alticincta was twice recorded
in northwestern Bohemia while it disappeared from Mora-
via. All of these species show a substantial decline in their
original distribution (see Fig. 3). There are also several spe-
cies, namely Eucera caspica, E. cineraria, E. clypeata, E.
seminuda, E. hungarica, E. nana and E. salicariae, which
became regionally extinct in the Czech Republic many
years ago. However, most of these species have been very
restricted also in the past. They occurred in a single area

E. interrupta

E. longicornis

b

new

new

low m——

s high

kernel density

species area (km?)
old new
Eucera interrupta 21429 2258
Eucera longicornis 51851 26557
Eucera nigrescens 45231 24089
Eucera pollinosa 672 1851
Eucera malvae 4027 1918
Eucera alticincta 23395 25
Eucera dentata 11983 1501
Eucera fulvescens 214 841

Fig.3 The density and clustering of localities for bees nesting in the
ground expressed by the spatial distribution of Kernel density estima-
tion (the higher number of localities per area unit, the higher density).
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localities (nr) density (localities.km-2)

old new old new
41 6 0.00191 0.00266
79 24 0.00152 0.00090
57 19 0.00126 0.00079
9 2 0.01338 0.00108
9 8 0.00223 0.00417
12 2 0.00051 0.07976
13 7 0.00108 0.00466
5 6 0.02337 0.00713

Old (before 1990) and new (from 1990) occurrences are compared for
each species separately. Table shows the size of the distribution area
in km? (EOO) in past and present
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near the town éejé in south Moravia, where their localities
were changed to an arable land many years ago. For details
on these species past distribution see Table 1.

We found important differences between the ground-
nesting and the shell-nesting species in the elevation
range and mean July temperature of their older and recent
records (Fig. 4). While no change was observed for the
ground-nesting species (GEE: p > 0.05), the bees nesting
in empty shells and their parasites showed mostly signifi-
cant shifts of their distribution towards higher elevations
(GEE: le =254, p < 0.001) and to regions with a lower
mean July temperature (GEE: X? =22.6, p « 0.001).
When testing the changes recorded for individual species,
those nesting in shells, i.e. O. aurulenta, O. rufohirta, O.
spinulosa and C. cuprea, showed significant shifts towards
higher elevation and sites of lower mean July temperature.
In contrast, ground-nesting Eucera longicornis showed the
opposite results for July temperature (Fig. 5). The same was
true also for another ground-nesting species, E. interrupta,
though the difference was not significant at p=0.05.

Discussion

Using a comprehensive dataset of historical and recent
records for several groups of bees and wasps, we found
that species nesting in empty gastropod shells have nota-
bly extended their distribution within the Czech Republic.
Although we have data only from the Czech Republic, we
suppose that the situation is probably similar also in other
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(white) and recent (grey) records of selected bee species. Differ-
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O. spinulosa, O. bicolor and O. rufohirta; ground-nesting species:
Eucera interrupta and E. longicornis. Chrysura cuprea is a parasitoid
of O. rufohirta, C. dichroa is a parasitoid of O. aurulenta and Stelis
odontopyga is a cleptoparasite of O. spinulosa

central European countries. It opens an important question
on the causes of this expansion as the species nesting in
the ground showed either their distribution contraction or
did not show any changes. First, our results suggest that
the shell-nesting species were able to colonize new areas at
higher elevations and/or with colder summer temperatures,
in contrary to the bees nesting in the ground. Furthermore,
bees nesting in empty shells also enlarged their EOO but
stayed in the regions of their former distribution; in most
cases, it seems they formed stronger populations than before
(all species shown in Fig. 2). Thus, bees nesting in empty
shells positively responded to the current condition in their
habitats, forming strong populations therein. It is also inter-
esting that species preferring open, non-overgrown sites
(i.e. O. rufohirta, O. spinulosa and C. cuprea) expanded
more than species preferring grassy and shrubby slopes (i.e.
0. aurulenta, O. bicolor and C. dichroa). This fact can be
also connected with the ability of several species to settle
in anthropogenic sites such as railway embankments and
roadside verges (e.g. Heneberg et al. 2013, 2017; Morofi
et al. 2014; Hendrychova and Bogusch 2016) that can pro-
vide corridors for their efficient dispersal.
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The increase in the EOO for shell nesting species, but
the decline of those nesting in the ground, are highly con-
nected with the general landscape changes. The inspection of
historical and recent orthophoto maps supports this assump-
tion. Some of the main localities have been changed already
during the nineteenth century, but the bees occurrence can
be tracked until the second half of the twentieth century. It
seems though that the species loss was caused mainly by
the intensification of agriculture than by the change of their
habitats. Some sites were changed into fields (the landscape
around the towns of Cejé and Kobyli, see Kilidnova et al.
2009) and the others were afforested (the sandy area around
the town of Hodonin and Bzenec, see Jedlicka et al. 2019).
The last remnants of these steppes were spontaneously over-
grown by shrubs and trees. Botanical data show only 5-10%
the steppe area was covered by trees and shrubs, in contrast
to 30-40% today (Chytry et al. 2020), although these sites
are under official conservation for many years. The current
deterioration of steppe grasslands was found to explain why
there is a higher species extinction at these habitats in low-
land than in sub-mountain regions (DiviSek et al. 2020). If
remained open, these sites were at least invaded and over-
grown by non-native neophyte grasses (Wagner et al. 2012;
Pokorny et al. 2015) and other plants: the steppes in the
Palava PLA recently suffer from spreading of Isatis tincto-
ria (P. Bogusch, unpublished observations). These changes,
which are associated with the total absence of bare ground
patches, with a tough ground unsuitable for the nesting and
lower diversity of flowering plants, resulted in a substantial
reduction or extinction of the populations of species nesting
in the ground. It was reported that the reduction of these spe-
cies occurrence is linked with the lack of nesting places and
smaller or different availability of flowering plants as food
for the adults and their brood (Westrich 1996; Kosior et al.
2007; Nieto et al. 2014; Pridal and Vesely 2011; Rasmont
et al. 2015).

On the contrary, high productive shrubby vegetation
overgrowing steppe remnants provide suitable conditions
for many large-body snails which enlarged their EOO and
population densities at these localities (Peltanova et al. 2012;
Jufickova et al. 2014). Recent surveys showed that large-
body snail species (e.g. Helix pomatia Linnaeus, 1758, Cau-
casotachea vindobonensis (Férussac, 1821) and Fruticicola
fruticum (Miiller, 1774)) became dominant at many steppe
sites that were more overgrown by shrubs, while early-suc-
cession stages at anthropogenic sites, such as spoil heaps,
former military areas or roadside verges, showed dominance
of middle-size species, usually Xerolenta obvia (Menke,
1828) and Monacha cartusiana (Miiller, 1774). These habi-
tats were found to have a higher density of empty shells than
the steppe reserves (Bogusch et al. 2019). If the presence
and abundance of nesting sites, i.e. empty shells, is the most
limiting factor for the shell-nesting bees, then the increase in
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available snail shells is an expected condition for the spread
of species nesting in shells.

The spread of bees nesting in empty shells could also
be connected with the spread of some snail species, even
though there are only a few species known to be expanding
their ranges in central Europe over the last 100 years. Medi-
terranean Monacha cartusiana was previously known only
from the southeast part of the Czech Republic, while over
the last 20 years it has colonized most of lowland and warm
areas across the whole country (Peltanova et al. 2012). Cur-
rently, this species is typical for xerothermic post-industrial
sites and the sites highly influenced by humans such as spoil
heaps, roadside verges and railway embankments, while it
has a scattered occurrence in the agricultural landscape and
steppe formations (Peltanova et al. 2012). As the species
develops strong populations and has quite a short lifespan
(Staikou and Lazaridou-Dimitriadou 1990; Lesicki and
Koralewska-Batura 2007), the localities are full of empty
shells suitable for bee nesting. Several smaller bee species
settle in the shells of M. cartusiana as confirmed by Bogusch
et al. (2019) who reared O. rufohirta, O. spinulosa and its
cuckoo bee S. odontopyga from shells of this snail species.
Miiller et al. (2018) also observed O. rufohirta nesting in
shells of this snail.

An important conservation question is whether we can
do something to make the steppe formations again suitable
for both the ground-nesting and the shell-nesting species.
A sharp decline of many species is linked with landscape
changes that happened approximately over the last 100 years,
being connected with the land change by agriculture and for-
estry (Jongman 2002; Walz 2008; Skalos et al. 2011; Sko-
kanova et al. 2012). Sandy sites or areas that were impos-
sible to use for planting crops, have been afforested (Balej
2012; Lorencova et al. 2013). Even many protected sites
have been invaded and overgrown by invasive plants because
the nature conservation efforts were not sufficient, or no
management interventions have been applied (Tickle 2000;
Oszlanyi et al. 2004). As a result, remnants of steppe forma-
tions have changed into shrubby slopes or meadow forma-
tions (Lorencové et al. 2013). Recently, the implementation
of appropriate conservation measures has resulted in some
improvement in this situation. Several species recently have
started to increase their occurrence the central European
landscape because many of them were able to utilize artifi-
cial, usually anthropogenic, sites of early succession such as
sandpits (Heneberg et al. 2013), spoil heaps (Tropek et al.
2013; Hendrychové and Bogusch 2016), roadside verges and
railway embankments (Moron et al. 2014; Heneberg et al.
2017). Although most of these sites have scattered distribu-
tion with long distances between them, populations of many
invading or returning species can spread into new sites and
many of these species become quite common and numerous
in some regions (e.g. Bembix tarsata Latreille, 1809, Sphex
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funerarius Gussakovskij, 1934 and some others, see Srba
and Tyrner 2003; Hendrychova and Bogusch 2016). The
recovery observed in several species might also be linked
with climate change in recent decades, however, clear evi-
dence for this is missing. Therefore it is possible that some
steppe habitats, especially those with suitable management
practices, will become shortly also suitable for species nest-
ing in the ground. However, to fully restore the habitats to
their conditions and extent documented about 100 years ago
is a long-term process requiring the regular implementation
of new management practices.
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Vyzkumy probihaly na pfirod¢ blizkych 1 ruderdlnich stanovistich sousedicich
s mandloniovymi sady nedaleko mésta Lleida v severovychodnim Spanélsku. Sadi bylo celkem
12 a byly rozdéleny do tfi kategorii na zéklad¢€ jejich umisténi a zavlazovani. Nasim cilem bylo
zjistit, zda je vyskyt druhti ulitovych vcel limitovan piitomnosti prazdnych ulit na piirodnich
stanovistich a jestli trendy v pocetnosti véel v prazdnych ulitach koresponduji s vysledky nasich
predchozich vyzkumt provedenych ve stfedni Evropé. Dale byly zkoumany parametry
ovliviyjici slozeni ulitovych druhii vcel na ptirodé blizkych stanovistich sousedicich
s mandloniovymi sady. Dil¢im cilem bylo objasnit, jak dané druhy hnizdi.

Byly pouzity dvé metody: sbér pfirozené se vyskytujicich prazdnych ulit z povrchu
zem¢ a experimentalni nabidka oznacenych prazdnych ulit na lokalitu.

Sbér ulit prob&hl v bfeznu 2019, pficemz z kazdé lokality jsme se snazili sesbirat
alespoit 400 kust. Materidl byl nasledné rozebran v laboratofi a ziskany hmyz fixovan
Vv ethanolu a urcen.

Barevné oznacené ulity patfily Ctyfem velkym nebo stfedné velkym druhim plzt
béznych druht (Cornu aspersum, Eobania vermiculata, Cernuella virgata a Pomatias elegans)
a na lokalitu jsme je umistili zacatkem dubna 2018, kratce pfed hnizdénim nami studovanych
vcel. Ulity byly poklddany na zem v sadach po ctyfech, pficemz v kazdé této skupiné byly
zastoupeny schranky vsech ¢tyt druhii plzi (od kazdého druhu jedna). Na kazdou lokalitu jsme
téchto sad umistili 40, dohromady tedy pfipadalo na jednu lokalitu 160 ulit. Ve vétSiné ptipadi
byly sady ulit umistovany v linii ve vzdalenosti cca 1-2 metry od sebe a oznaceny barevnym
plastovym brckem pro budouci snazsi dohledani. V terénu byly ponechany do konce zaii, tedy
do zavéru hnizdni sezény. Material byl nasledné pievezen do laboratote, kde byl rozebran,
dospeli blanokfidli byli konzervovani v 96 % ethanolu a identifikovani do druhu (¢i alespoil
rodu). Larvy a kukly byly pfendany do malych mikrozkumavek, uzavieny zatkou z papirové
utérky a ponechany k vylihnuti. Vylihli dospélci byli opét konzervovani v ethanolu a urceni.

V piirozené se vyskytujicich ulitich jsme objevili 23 druhd, pfi¢emz u 15 z nich se
jednalo o hnizdici druhy, zbylych 8 bylo parazitickych (parazitoidi 1 kleptoparaziti). VéEtSina
pozorovanych druhli patfila do celedi Megachilidae (12 hnizdicich a 1 kukac¢i véela) —

nejcastéji zachycenymi druhy byly Osmia ferruginea a Rhodanthidium sticticum. Mimo
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blanokfidlych jsme zaznamenali i jejich parazity z jinych fada — dlouhososku Anthrax aethiops
(Diptera) a pestrokrovecnika Trichodes apiarius (Coleoptera).

Barevné¢ oznacené ulity byly zahnizdéné jen velmi ztidka. Nalezli jsme zde 10 druht ze
4 Celedi zahadlovych blanoktidlych, z toho 8 druhti hnizdicich (nejpocetnéji byl zastoupen druh
O. aurulenta) a 2 parazitické (S. quingquepunctata, C. rufiventris). Jedinym druhem
zaznamenanym V nastrazenych ulitach, ktery zaroven chybél v ulitdch pfirozené se
vyskytujicich, byl druh Protosmia exenterata (Pérez, 1896).

Vyzkumem jsme prokazali, Ze vysoky podil prazdnych ulit na lokalitich je opravdu
nezbytny pro pfitomnost v ulitdich hnizdicich druht véel. DalSim nezbytnym pfedpokladem je
pak ptitomnost kvetoucich rostlin jakozto zdroje potravy pro dospélce i larvy vcel. Oba zdroje,
hnizdni i potravni, jsou dostupné predevsim na piirodé blizkych stanovistich, které tak mohou
slouzit jako ohniska biologické rozmanitosti v€el. Pfitomnost mikrobiotopti pfirodniho

charakteru v blizkosti sadi je zaroven velmi dtlezita i pro péstované plodiny v sadech.
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ARTICLE INFO ABSTRACT

Keywords: Solitary bees serve as important native pollinators of wild plants and crops. Several species of bees, which form
Hymenoptera strong populations in open habitats of European landscapes, nest in empty snail shells. In the present study, we
Ruderal habitat focused on shell-nesting bees in near-natural habitats neighbouring almond orchards near the town Lleida in
Sl?aln . north-east Spain. We performed a series of manipulative experiments, which aimed to elucidate the importance
River floodplain £ hells of fi 1 d medi ized d ies f ing b : 1 and
Biodiversity of empty shells of four common large- and medium-sized gastropod species for nesting bees in near-natural an

ruderal habitats surrounding the almond orchards. We also matched these data with findings of bees in naturally
occurring shells at each examined site. All study sites consisted of habitats with naturally present shells and
evidence of the natural presence of the study species of bees. In total, we recorded 15 nesting bee and wasp
species and eight species of hymenopteran parasites in collected shells, one of which, the spider wasp Priocnemis
propinqua, was recorded nesting in empty gastropod shells for the first time. In total, the deployed shells hosted
eight nesting species and two species of parasitic Hymenoptera. The prevalence of nests in experimentally de-
ployed shells was low, with only a single nest present near irrigated orchards. The abundance of nests was also
low at sites where the naturally present shells were highly abundant. Combined, available evidence suggests the
importance of near-natural habitats for the presence of shell-nesting bees and wasps in South-European land-
scapes. The abundance of shell nesting bees and wasps does not increase proportionally with the increase in
empty snail shell abundance and other factors should be considered limiting at such sites.

1. Introduction

Solitary bees, which often form dense and large populations, are
increasingly recognized as important native pollinators, even in agri-
cultural landscapes (Potts et al., 2010). Several of them, such as the
leafcutter bee Megachile pacifica (Panzer, 1798) (syn. Megachile ro-
tundata (Fabricius, 1784)) or mason bees Osmia cornuta (Latreille,
1805) and Osmia tricornis Latreille, 1811 are frequently kept in trap-
nests in the vicinity of alfalfa fields or fruit orchards. Although they
were previously overlooked, they play a key role in pollination of
various crops (Bosch and Blas, 1994; Pitts-Singer and Cane, 2011;
Alomar et al., 2018; Herrmann et al., 2018). Several species of the fa-
mily Megachilidae also form dense and large populations in warm and
dry localities while the most numerous and widespread species usually
nest in empty shells of larger gastropods. These species of bees are
usually polylectic or broadly oligolectic (for review of the ecology of
European species, see Miiller et al., 2018) and can be of high
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importance for pollination of various crops, including fruit trees,
strawberries, alfalfa, or clover. Because open, inclined, south-exposed
habitats with shrubs are usually full of empty shells of large- or
medium-sized gastropods, shell nesting bees are abundant at these sites
and can serve as important native pollinators of crops planted at or
around their nest sites.

Bees are the most important pollinators of fruit trees, and the ma-
jority of bee species use the fruit trees as an important or preferred
source of nectar and pollen but make their nests in small patches of
near-natural habitats around the orchards (Bosch and Kemp, 2002;
Henselek et al., 2018). The combination of these habitats is important
not only for the bees but for many other species and groups of plants
and animals (Scott-Dupree and Winston, 1987; Kremen et al., 2002;
Carvalheiro et al., 2010). Almond trees are pollinated by honeybees
(Danka et al., 2006; Klein et al., 2012), bumblebees (Dag et al., 2006),
and mason bees (Bosch et al., 2000), with the importance of wild
(native) pollinators only recognized in recent. Available evidence
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suggests that the occurrence of wild bees in near-natural patches near
the orchards is highly beneficial for crop production years (Klein et al.,
2012).

We aimed to address the composition of bee species nesting in
empty gastropod shells in near-natural sites neighbouring almond
orchards in north-eastern Spain. We used two methods: 1) collecting
naturally occurring empty shells from the ground surface, and 2) ex-
perimental deployment of empty shells of four large or medium-sized
common species (Cornu aspersum (O. F. Miiller, 1774), Eobania vermi-
culata (O. F. Miiller, 1774), Cernuella virgata (Da Costa, 1778) and
Pomatias elegans (O. F. Miiller, 1774)). We aimed to find out if the bee
species are limited by the presence of shells in natural habitats and if
the trends in abundance of bees in empty shells correspond with the
results of our previous surveys done in central Europe (Bogusch et al.,
2019; Heneberg et al., 2020). In addition, the habitat parameters af-
fecting the composition of bees nesting in empty shells in near-natural
habitats neighbouring almond orchards were also investigated.

2. Materials and methods

The study was done in the vicinity of Lleida in north-eastern Spain
in near-natural or ruderal habitats neighbouring with 12 almond
orchards (Table 1), which were categorized into three groups according
to location and irrigation. Four orchards were located in the river
floodplain and were not irrigated. Four other orchards were located in a
semi-humid area in the river floodplain and were irrigated. The re-
maining four orchards were located in a dry hilly region several kilo-
metres away from the river floodplain. The localities were small in area
(from 690 to 30,993 square meters) and were 0-500 m far from the
orchard. At the beginning of April 2018, we collected empty shells of
adults of four common South-European species of terrestrial gastropods
— C. aspersum (syn. Helix aspersa), E. vermiculata, C. virgata and P. ele-
gans. These species differ in size (C. aspersum is the largest while P.
elegans the smallest) and in the overall shape of the shell. The shell of
adult C. aspersum is round and reaches a width between 30 —40 mm, E.
vermiculata is slightly flattened and reaches a width between 24 — 32
mm, C. virgata is flattened and reaches a width between 15—23 mm,
and P. elegans is elongated and reaches a width 9—12 mm (Welter-
Schultes, 2012). All species are abundant in open xerothermic habitats
across Southern Europe, and empty shells of these species are pre-
ferentially utilized by solitary shell-nesting bees (see also Miiller et al.,
2018 for more detailed information on shells used by shell-nesting
bees). We cleaned the shells, removed their inner contents, washed
them in water, dried them, and sprayed all of them with red colour
acrylic lacquer. The red colour was used to make the shells more easily
visible when collecting them but did not disturb the bees because the
red colour is not conspicuous for the bees (see Chittka and Waser, 1997;
Briscoe and Chittka, 2001). Coloured shells were left in the air-condi-
tioned room for at least 48 h before deploying in the localities. We
deployed 40 shells of each species at every locality in a line of groups of

Table 1
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Fig. 1. Photo of a group of experimentally deployed shells of four species
marked with a drinking straw.

four (one of each species) marked with a plastic drinking straw to
further support the visibility of deployed shells at the locality (see
Fig. 1). We deployed all the shells in early April - shortly before the first
shell-nesting bees begin to search for potential nesting microhabitats.
We retained the shells at the localities until the end of the nesting
season (late September) when we collected all of them and extracted
the inner contents of the shells within several hours or days after the
collection. We preserved all adult bees and other Hymenoptera in 96 %
ethanol and identified to the species or genus level. We transferred all
the larvae and pupae into plastic 1.5 ml micro-tubes, closed them with
small plug of paper towel and incubated them under laboratory con-
ditions (temperature ~21 °C, humidity 45%-50%). During the winter
months (November through January), we moved the larvae into the
climate box at 8 °C and 60 % humidity in order to allow hibernation. In

List of the localities with their characters. The codes are the normally used numbers of orchards in IRTA, Lleida.

Number GPS orchard [°N, °E] GPS near-natural site [°N, °E] Area of near-natural site (m2) Number of shells Natural character Water management
w1 41.527240, 0.830040 41.525840, 0.829120 4 666 Medium Ruderal Wet

W2 41.545249, 0.868950 41.544897, 0.869304 3051 High Ruderal Wet

W3 41.524514, 0.850238 41.524264, 0.850429 690 Low Ruderal Wet

w4 41.514432, 0.777764 41.513644, 0.777150 8535 High Natural Wet

n 41.612270, 0.717278 41.611166, 0.717175 6 330 Medium Natural Irrigated
12 41.602552, 0.779964 41.603300, 0.780262 1 055 High Ruderal Irrigated
13 41.612180, 0.929008 41.612494, 0.929254 5 464 Low Ruderal Irrigated
14 41.609812, 0.850119 41.609420, 0.850906 3022 Low Natural Irrigated
D1 41.515268, 0.660402 41.515791, 0.661132 30 993 Medium Natural Dry

D2 41.497948, 0.685318 41.497582, 0.683386 4 865 Medium Natural Dry

D3 41.485608, 0.756119 41.485716, 0.755620 4143 Low Natural Dry

D4 41.519444, 0.942408 41.519978, 0.942520 16 581 Medium Natural Dry




P. Bogusch, et al.

Agriculture, Ecosystems and Environment 299 (2020) 106949

Fig. 2. (A) Results of the detrended corre-
“osmikut spondence analysis of the numbers of nests of
smiRul
244 i aculeate species, which utilized empty shells
9 . .
ad with (A) shell species (HA - Cornu aspersum, EV
2 02 D! P
1.8 3 I =410 - Eobania vermiculata, CN - Cernuella virgata, PE
medium b . .
! -04 - Pomatias elegans) and the number of native
-06:
124 high 08 shells at the habitat (low, medium, high).
Sapaul EV "Tfasfg T3 Variance explained by eigenvalues: PC1 =
] £ 94.89 %, PC2 = 2.60 %. (B) Results of the
o ‘OsmFer “hesp. canonical correspondence analysis of the
uf» cN numbers of nests of aculeate species, which
é 8 A E A A 12 16 20 ‘osmaur 24 utilized empty shells and the orchard types (R -
° i wet not-irrigated, RL - wet and irrigated, S -
QsmVer, SteSp. fepAlP -0.6+ © dry, G - near-natural habitats in and around
RhoSep et Garraf National Park) and habitat type (natural
1.2 ; s vs. ruderal). Variance explained by eigenva-
e lues: PC1 = 94.96 %, PC2 = 3.36 %.
30-
-1.84 20-
*ProExe 10
low o
o 7 2 s 4+ 5 5 7
2.4 Companent
3
Component 1
254
*ProEx
2
S
“ghfsp. 2
1.5 H
o natural
SapQui
1
b
“:’ “OsmR
g 0.5
£
3
*OsmFer L
8 4 4 8 12 16 20 2
0.5+ *OsmAur
“LepAlp
©
14 s
ruderal
7
R 3 ©
D -1.54 g 50
RhoSep &
. 30-
OsmVer, SteSp. 20-
24 10-
o
Component 1 c C:mw:m °e

January, we moved the larvae back to laboratory conditions and al-
lowed the bees to eclose. After eclosion, we preserved the bees and
other reared insects in 96 % ethanol and identified them to species.

In the first half of March 2019, we collected around 400 empty
terrestrial snail shells per sampling site (mean 543; range 75-647) that
were visible on the surface at the same localities where the shells were
deployed during the previous summer season. The spectrum of col-
lected shells fully reflected the spectrum of larger shells that were both
suitable for nesting and available at the sites. Sampling could poten-
tially be biased against bee species that only use shells present deep in
the leaf litter, under the stones or in soil burrows. We opened all the
shells similarly to the coloured experimentally deployed shells. We
fixed the obtained and/or reared insects in 96 % ethanol.

To compare the localities, we estimated the number of empty gas-
tropod shells per square meter by counting empty shells that were
present at five randomly selected places within each examined locality.
We counted only the shells of medium-sized and large species. We di-
vided the localities into the following three categories depending on the
number of empty shells per square meter, low (< 20 per m?), medium

(20-50 per m?) and high (> 50 per m?). We also classified the localities
according the vegetation type as near-natural (with mostly native ve-
getation and less than 20 % of ruderal, non-native or expansive plants)
and ruderal localities (all other sites). The plant cover of near-natural
sites was herbal or shrubby (height to 0.5 m) vegetation with
Rosmarinus, Ulex, Lithodora and several Brassicaceae species being the
dominant plants, while Rubus, Capparis and Asteraceae were most nu-
merous at ruderal sites.

We recorded the number of individuals and species of all aculeate
Hymenoptera and their parasites that were present in the shells. To esti-
mate their species richness, we calculated the Chao-1 estimator, corrected
for unseen species. We also computed the rarefaction curves based on the
log gamma function for computing combinatorial terms (Krebs, 1989).
The rarefaction procedure consists of selecting a specified number of
samples that is equal to or less than the number of samples in the smallest
sample, and then randomly discarding reads from larger samples until the
number of remaining samples is equal to this threshold (Willis, 2019). To
compare species richness of the analysed datasets, we calculated the
Serensen similarity index. We calculated the basic diversity indices for
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Fig. 3. Rarefaction curves of the numbers of nests of aculeate species, which
utilized empty shells, and which were stratified according to (A) the orchard
types and (B) the shell species used. Orchard types: (R - wet and not-irrigated,
RL - wet and irrigated, S — dry). Analysed shell species: Sphincterophila candi-
dissima, Eobania vermiculata, Cernuella sp., Otala lactea, and Theba pisana. Data
are shown for the naturally present shells. Numbers on the X-axis indicate the
number of nests of bees or wasps when the nest was counted once for each bee
or wasp species recorded. The rarefaction curves are accompanied with the
visualization of 95 % confidence intervals.

each dataset. These data included species dominance (expressed as 1 —
Simpson index, where 1 indicates the complete domination of a single
species, and 0 indicates the equal representation of all taxa), the equit-
ability (the evenness measure, in which the Shannon index is divided by a
logarithm of the number of taxa), Fisher’s alpha (diversity measure), and
the Berger-Parker dominance index (the number of individuals in the
dominant species relative to the total number of individuals). To compare
the indices, we employed bootstrapping (at n = 1000) and permutation
analysis. We compared the species richness of the analysed datasets using
the Sgrensen similarity index and assessed the differences in host species-
specific diversities between the analysed time points using Shannon di-
versity t-test. We used detrended correspondence analysis to assess the
contribution of analysed factors. We used ? test with Yates correction to
analyse the differences in species in habitats with various numbers of
empty shells. We performed all the calculations in SigmaPlot 12.0, Esti-
mateS 9.1.0 and PAST 2.14. Data are shown as mean * SD unless stated
otherwise.

3. Results
3.1. Naturally present shells

We reared 345 bee and wasp individuals from a total of 150 nests,
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i.e. 2.4 % of the 6,267 examined shells were occupied by nesting bees or
wasps. The reared individuals belonged to 23 species, of which 15 were
nesting species and eight were their parasites (parasitoids and nest
cleptoparasites). A detailed list of species retrieved from both samples
from each examined site is provided in Table S1. Most of the species
recorded belonged to the family Megachilidae (12 nesting and one
cuckoo bee), with Osmia ferruginea Latreille, 1811 and Rhodanthidium
sticticum (Fabricius, 1787) representing the most abundant species. We
also recorded a parasitic fly Anthrax aethiops (Fabricius, 1781) (Diptera:
Anthracidae) and a beetle Trichodes apiarius (Linnaeus, 1758)
(Coleoptera: Cleridae) in Hymenoptera nests; both species are common
parasites of shell-nesting bees and they were also included in the ana-
lyses. The species were disproportionately distributed among the three
habitat types. Most nests were recorded in dry habitats (287 individuals
of 15 species in 106 nests). Much lower number of nests were in irri-
gated habitats (16 individuals of 7 species in 15 nests) and in wet ha-
bitats in river floodplain (41 individuals of 13 species in 29 nests) (Xz
test p < 0.001 for nests and individuals, respectively, when compared
to random distribution; however, p > 0.05 for the number of species;
see Fig. 2A for detrended correspondence analysis).

3.2. Experimentally deployed shells

From the marked shells that were deployed throughout the nesting
season, we reared 41 individuals of 10 species of aculeate Hymenoptera
that we identified to the species or genus level. A detailed list of species
retrieved from both samples from each examined site is provided in
Table S2. Only 17 of 1,920 shells (0.89 %) were occupied by nesting
Hymenoptera. Of the recorded ten species of four families of aculeate
Hymenoptera, two are parasitic (Sapyga quinquepunctata (Fabricius,
1781) (Sapygidae) and Chrysura rufiventris (Dahlbom, 1854)
(Chrysididae)). This means that eight species were nesting inside the
deployed shells. Osmia aurulenta (Panzer, 1799) (Megachilidae) was the
most numerous nesting species with eleven nests containing 26 in-
dividuals while the other species were much less abundant — Osmia
rufohirta Latreille, 1811 (Megachilidae) and C. rufiventris both with two
nests and three individuals, and the other species with only one nest
occupied. Protosmia exenterata (Pérez, 1896) (Megachilidae) was the
only species recorded in deployed shells but not recorded in collected
shells.

3.3. Preference for habitat type

We found more species at near-natural sites with native vegetation -
21 species were recorded in collected shells in near-natural sites in
contrary to only five species recorded in ruderal sites. Rarefaction
(Fig. 3A) revealed that this difference was associated with lower oc-
cupancy of shells but not lower species richness in other habitat types.
There were similar differences in numbers of nests (135 vs 15) and total
individuals found (330 vs 35) (x? test p < 0.001 for nests, individuals
and species, respectively, when compared to random distribution; see
Fig. 2A for detrended correspondence analysis). The difference in
marked shells was not as prominent since six species were recorded in
near-natural sites and four species originated from ruderal sites; the
number of nests was 13 vs 6 and the number of individuals was 24 vs
10. The Chao-1 estimator, which was calculated based on the number of
nests found, suggested that the examined dataset was incomplete and it
indicated the presence of 12 bee and wasp species in naturally present
shells in wet, not irrigated orchards, 21 species in wet irrigated orch-
ards and 27 species in dry orchards in the study area (Table 2). The
studied assemblages displayed significant differences in dominance
(p < 0.05 by bootstrapping; Table 2), with the highest values found in
wet, non-irrigated orchards, followed by dry orchards and with lowest
dominance in wet irrigated orchards. The equitability and Fisher’s
alpha did not differ significantly among the three types of analysed
orchards (p > 0.05 by bootstrapping; Table 2). The bee and wasp
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Table 2
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Species composition, species richness and diversity of bees and wasps nesting in empty, naturally present snail shells in analysed orchard types (R — wet, not-irrigated,
RL - wet and irrigated, S — dry). Data are provided separately for naturally present shells and experimentally deployed shells. The selected species diversity indices are

indicated.
Orchard type Index R RL S Total Bootstrapping p for totals (natural vs deployed)
NATURALLY PRESENT SHELLS:
Number of bee and wasp nests found 11 27 111 149 0.000
Number of bee and wasp species found 6 14 18 23 0.007
Chao-1 = SD 11.5+ 6.4 20.7 = 6.4 27.2+ 8.8 30.0 = 6.6
Dominance 0.240 0.119 0.201 0.170 0.006
Equitability 0.890 0.907 0.715 0.742 0.707
Fisher’s alpha 5.400 11.710 6.088 7.603 0.076
Berger-Parker dominance index 0.360 0.259 0.360 0.342 0.009
Shannon t-test of totals (t; dg; p):
- Naturally present vs. experimentally deployed 3.6; 53.0; 0.0006
Sgrensen similarity index:
- Naturally present, RL vs indicated cohort 0.50
- Naturally present, S vs indicated cohort 0.50 0.56
- Exp. deployed, R vs indicated cohort 0.40 0.44 0.27
- Exp. deployed, RL vs indicated cohort 0.00 0.00 0.11
- Exp. deployed, S vs indicated cohort 0.50 0.30 0.50
- Naturally present, total vs indicated cohort 0.41 0.76 0.88
- Exp. deployed, total vs indicated cohort 0.57 0.46 0.54 0.52
EXPERIMENTALLY DEPLOYED SHELLS:
Number of bee and wasp nests found 19 2 13 34
Number of bee and wasp species found 4 1 7 9
Chao-1 + SD 6.8 + 4.1 1.0 = 0.3 6.3 +0.9 9.0+1.8
Dominance 0.718 1.000 0.172 0.344
Equitability 0.440 0.000 0.948 0.701
Fisher’s alpha 1.546 0.796 6.182 3.996
Berger-Parker dominance index 0.842 1.000 0.231 0.559
Sgrensen similarity index:
- Exp. deployed, RL vs indicated cohort 0.00
- Exp. deployed, S vs indicated cohort 0.40 0.29
- Naturally present, total vs indicated cohort 0.30 0.08 0.41
- Exp. deployed, total vs indicated cohort 0.67 0.22 0.86

assemblages in wet, non-irrigated orchards and in dry orchards both
had significantly higher Berger-Parker dominance index compared to
wet irrigated orchards (p < 0.05 by bootstrapping; Table 2). The
Shannon t-test indicated that the diversity of bees and wasps in the
three analysed orchard types differed from one another. The Sgrensen
similarity indices indicated that there was a low similarity among the
bee and wasp assemblages in the three analysed orchards (0.50 — 0.56).
Interestingly, even lower values for the Sgrensen similarity index were
reached when comparing the bee and wasp assemblages in naturally
present and experimentally deployed shells within the same orchard
types or with any other examined orchard types (Table 2).

3.4. Snail shell preferences by nesting species — naturally present shells

Altogether, we collected 6,276 shells of nine species of terrestrial
gastropods. Rarefaction (Fig. 3B) revealed that the bee and wasp spe-
cies richness was roughly similar in shells of different snail species
despite strong differences in the occupancy rates. The shells of Otala
lactea (O. F. Miiller, 1774) were associated with the highest (but in-
completely sampled) species richness and the shells of Theba pisana (O.
F. Miiller, 1774) were associated with the lowest species richness and
occupancy rate among the five snail species that were analysed in
Fig. 3B. In agreement with the rarefaction analysis, the Chao-1 esti-
mator, which was calculated based on the number of nests found, in-
dicated the highest species diversity in shells of O. lactea and the lowest
species diversity in shells of T. pisana (note that C. aspersum and Iberellus
sp. were not analysed as there were no species with n=2) (Table 3).
The studied assemblages displayed significant differences in dom-
inance, with the highest values found in shells of snail species that
hosted species-poor assemblages, i.e., in C. aspersum, Iberellus sp. and T.
pisana (p < 0.05, each, by bootstrapping; Table 3). The equitability and
Fisher’s alpha were the highest in O. lactea (p < 0.05 by bootstrapping;

Table 3). The highest values of the Berger-Parker dominance index were
in shells of snail species that hosted species-poor assemblages, i.e., in C.
aspersum, Iberellus sp. and T. pisana (p < 0.05, each, by bootstrapping;
Table 3). The Segrensen similarity indices indicated that there was low
similarity among the assemblages that were associated with shells of
individual shell species (Table 3).

Cernuella spp. (mostly Cernuella virgata) comprised about one half of
the number of naturally present shells collected across sites (3,146; 50.1
%), followed with Eobania vermiculata (1,097; 17.5 %) and
Sphincterochila candidissima (Draparnaud, 1801) (1,006; 16.0 %).
Iberellus sp., Monacha spp. and Pomatias elegans were collected in less
than 100 shells. S. candidissima hosted the highest number of nests (54
with 160 individuals; shell occupancy was 5.4 %); these nests were
occupied by 14 species of bees and wasps. The same number of bee and
wasp species was also hosted by shells of E. vermiculata. Nevertheless,
the numbers of nests and individuals were lower in this shell type (42
nests with 71 individuals; shell occupancy 3.8 %). Nine species were
recorded in shells of Cernuella spp. (27 nests with 35 individuals; shell
occupancy 0.9 %) and in shells of Otala lactea (10 nests with 32 in-
dividuals; shell occupancy 3.5 %). Thus, the shells of S. candidissima
were occupied by nesting species of bees and wasps preferentially
compared to shells of other gastropod species. However, there were
species-specific differences in shell preferences. Shells of S. candidissima
were frequently occupied by Osmia ferruginea, Hoplitis fertoni (Pérez,
1891) and Rhodanthidium sticticum. Shells of E. vermiculata were fre-
quently occupied by Osmia andrenoides Spinola, 1808, O. aurulenta, O.
ferruginea, Rhodanthidium septemdentatum (Latreille, 1809) and R. stic-
ticum. Shells of Cernuella spp. were frequently occupied by O. ferruginea.
Two small species Osmia versicolor Latreille, 1811 and Protosmia gluti-
nosa (Giraud, 1871) were recorded only in shells of Cernuella spp. but
only in four and two nests respectively (Table 4).
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Table 3

Species composition, species richness and diversity bees and wasps nesting in empty, naturally present snail shells. The selected species diversity indices are indicated.

Theba pisana (O. F.
Miiller, 1774)

Sphincterophila candidissima
(Draparnaud, 1801)

Otala lacteal (O. F.
Miiller, 1774)

Iberellus sp.

Eobania vermiculata (O. F.

Miiller, 1774)

Cornu aspersum (O. F.

Miiller, 1774)

Cernuellavirgata (Da Costa,

1778)

Snail species Index

57
15

11

43
15

28
10

Number of bee and wasp nests found

Number of bee and wasp species found

Chao-1 + SD
Dominance
Equitability

+0.5

2.0

27.7 =£13.1

0.211

34.5 +19.3
0.141
0.955
23.15

N/D

27.7 =129
0.142
0.846
8.181
0.279

N/D
N/D
N/D
N/D
N/D

109 = 2.8

0.210

0.680
0.722

N/D
N/D

N/D

0.755

0.840
5.570
0.390

1.235
0.800

6.635

Fisher’s alpha

0.404

0.273

N/D

Berger-Parker dominance index
Sgrensen similarity index:

0.20

- Cornu aspersum vs indicated cohort

0.13
0.00
0.20
0.13

0.44

- Eobania vermiculata vs indicated cohort

- Iberellus sp. vs indicated cohort
- Otala lactea vs indicated cohort

0.25
0.52
0.64

0.36
0.33

0.18
0.25

0.70

- Sphincterophila candidissima vs indicated 0.61

cohort
- Theba pisana vs indicated cohort

0.25

0.36

0.50

0.25

0.67

0.36
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3.5. Snail shell preferences by nesting species — experimentally deployed
shells

In deployed shells, the most frequently used were the shells of E.
vermiculata, in which we found thirteen individuals in seven nests of
four species. Most of the nests were settled by O. aurulenta, which was
also the only species nesting in shells of C. aspersum (10 individuals in
four nests). Most species (six) settled the shells of a mid-sized snail
species, C. virgata, however most were represented by only a single nest
with one or several specimens (eight nests and 11 individuals).
Importantly, there were no species recorded in shells of Pomatias ele-
gans. When comparing the occupancy of naturally present and experi-
mentally deployed shells, there were no differences in the occupancy of
shells of Cernuella spp. (x> = 1.724, d¢ = 1, p > 0.05), C. aspersum (>
= 0.209, d; = 1, p > 0.05) and P. elegans (not tested; bees and wasps
absent from both naturally present and experimentally deployed shells
of this species). However, more nests of bees and wasps were present in
naturally present shells of E. vermiculata when compared to the shells of
the same species that were experimentally deployed (x* = 8.032, d¢ =
1, p = 0.005).

Regarding the numbers of shells available for nesting at the locality,
we found the highest numbers of species and nests at localities with a
moderate number of empty shells (123 nests with 304 individuals of 21
species), followed by localities with low (17 nests with 28 individuals of
9 species) and high (11 nests of 11 individuals of 7 species) numbers of
empty shells (¥ test p < 0.001 for nests, individuals, and species, re-
spectively, when compared to random distribution; see Fig. 2A for de-
trended correspondence analysis). The results of marked shells were
affected by low numbers of nests in the deployed shells. There was a
trend towards the higher occupancy rate of sites with low numbers of
naturally present shells (10/17/6), which were followed by sites with
moderate (5/6/3) and high (4/11/2) numbers of naturally present
empty shells. However, the differences in occupancy rates were not
significant (for detrended correspondence analysis, see Fig. 2B).

4. Discussion

The most surprising result of our survey is the very low number of
bee and wasp nests that were recorded in deployed shells. Although we
deployed 1,920 empty shells to the localities, only 17 of them (0.89 %)
contained a bee or a wasp nest. This proportion was much lower than
the number of deployed shells in similar study in central Europe where
around 9% of the shells contained a hymenopteran nest (Heneberg
et al.,, 2020). Only the shells collected randomly at the localities in
central Europe contained a slightly lower proportion of nests, around
0.8 % (Bogusch et al., 2019) while in our study the number of settled,
randomly collected shells was higher (150 nests in 6,276 shells; 2.39
%). The real difference is probably larger because the methodology
used in the study of Heneberg et al. (2020) was less successful in finding
shells, and many of the remaining shells could have been settled by
species of bees, which hide the shells in the ground (i.e., O. rufohirta and
Osmia bicolor (Schrank, 1781) in Central Europe), under stones and
other materials present at the locality. In contrast, we found 2,174 of
2,720 total deployed shells (79.85 %), a much higher proportion, which
means, that only every fifth shell remained uncollected at the locality or
was destroyed when deployed at the locality. There was a slight dif-
ference among the retrieval of shells from different snail species,
whereby the lowest rate concerned Cernuella spp. (504 found shells;
74.12 %), followed by 546 (80.29 %) of P. elegans, 551 (81.03 %) of C.
aspersum, and 571 (83.97 %) of E. vermiculata. These results are very
similar to those of Heneberg et al. (2020) who also found more shells of
larger species. Shells of Cernuella spp. are often utilized by smaller
species of Osmia and many of these species move and hide them (Miiller
et al., 2018). This fact can explain the lowest number of deployed shells
of Cernuella spp. found at the localities. The proportions of shells among
the localities did not differ very much while the lowest number was



Agriculture, Ecosystems and Environment 299 (2020) 106949

P. Bogusch, et al.

¢o1-4C’¢
0
0
0
0
Yy-dL1°C i
S9¢-4L'S

a/N

(€481 ‘Z1IMRIOIN) suadsaqnd psnyID4],
(8S£1 ‘snoeuury) snupidp soapoyoLL],

*ds sn.oufpouals

(1841 ‘snidtiqey) pippundanbumb vSAdps
(8481 ‘snidliqed) wnononus WMpRUDPOYY
(6081 @[[1oneT) WmDIUIPpWaIdss WMpHIUDPOYY
(GEST ‘UOSYILIY) WIDISTful WMpPIIUDPOYY
(1481 ‘pneirn) psounnis piuso3oid

(Ly81 ‘1one[edaT) pnburdosd snusudoLd
TIST O[[IeNeT 40]021SL4 DIUSQ

(1181 ‘@[[1eT) DLIYONL DIUSO

1181 ‘O[[Ia1e] DauIsn.LLf DIUSO

G681 ‘Zo19d XDJIDf DIUSO

(66L1 ‘19zUR]) DIUIJTIND DIUSO

8081 ‘ejourds sapioua.pup DIUSQ

(9681 ‘Inssnes) sLsadip snjysoidoT
(#S81 ‘woqqueq) sLauaayn pnsAnyD
(9081 ‘1onaredoT) PpLGAY DansLyD
(#S81 ‘woqyeq) po4yo1p pInsAnyD

«ds s1sfnyD

(1681 ‘zo19d) wonaf sujpdoy

€881 ‘B150D DIsa0W SAXOIT

(181 ‘sniduiqey) sdonap xpapuy

—~ — N —~ 0

N
N

NO O A~ O - MNMIT A0VDOOCOO0OOMNM A0 ~Hm—=—=M

0
0
0

OO~ NO - OO O -0 m

O T ANT O

CI-4€S'T
L8T1-46°L
S9¢-4S°'S
coT-d1'e

0

2]
N

—
SO MO0 O0OO0O-HHOANHOTONO-HOHOOOAN

o © © o

LTT-9C'1T
0
61¢-d¢

o

O+ === NM0MmoMmow LN
OO0 0O OO0 -HOOTOOOOOOOOOO OO

®
<
COHOO0O0OO0O00O0OOMHOOOOOTOOOOO
HOHOOHHOHHOHOOHOOOMOOOOO
C 000000000 -NHOOO0OO0OOOOOOOO
CO0 000000 HOOOOOOOOOOOOOOO

M e O OO = m™mre=r~OMm

(wopuer ‘sa) 3593 ;X eloL umowyun pupsid pqay ], pusissipipupd pjydosagounyds  pagov] DPIO ‘ds snjja4aq]  DIDINOMULIIA DIUDGOH  WNSIadSD MU0 DID3AIA D]JINUIID sapads dsem 10 93¢ sa10ads [reus

*Pa3193[[0d S[[3YS JO SIaquINu dPr3ds-saroads 3y 03 paisnipe ejep wopuel ps3oadxa a3 M 9893 X £q seduepUNGE WOpPURI PR}dadxs 03 paredwiod 319m SIOUBPUNGE PIAISS]O Y, “(PIpI0da1 s3roads dsem
10 99q oS JOJ SDUO PIJUNOD SEM 159U J}) SA10ads [TRUS [IED JO [[YS UI SISAU JO SI9QUINU I} Se UMOYS 1€ BIep 3L, *S[[9Ys [Teus A1durs Juasaid A[feimieu ur juasard a1om Jey) sdsem pue saaq Jo sUONBId0sSe dProads-saroads
¥ s1qelL



P. Bogusch, et al.

found in clayish embankment (locality I1) (44.38 %) where the clay
sediment probably covered the shells during the season.

In the collected shells, there were big differences in the occupancy
among the localities while the highest numbers of occupied shells were
in the localities in the dry area: D1 with 177 individuals of 11 species in
61 nests (11.23 % of shells occupied), followed by D4 (62 individuals of
10 species in 24 nests; 4.26 % shells occupied). This may correspond
with the fact that all neighbouring habitats of orchards in dry regions
were of near-natural character with a number of native flowering
plants. Only the locality W1 in a wet region hosted quite good pro-
portion of nests, 30 individuals of nine species in 19 nests (2.94 %). In
several localities, we recorded a lower number of nests but the total
number of shells collected was significantly lower due to very small
number of shells at the locality: D3 with 17 individuals of five species in
seven nests (occupancy 9.33 %) and D2 with 31 individuals of seven
species in 14 nests (occupancy 4.68 %). Shells in all other localities
hosted only several nests with occupancy lower than 1%. Moreno-
Rueda et al. (2008) recorded 122 bee individuals in 3,600 shells of S.
candidissima, which means 3.34 % of shells occupied. The occupancy of
shells of this species is lower than in our study (5.37 %) but generally
agrees with our results.

We recorded species commonly known to nest in empty gastropod
shells, including the most common shell-nesters known from this re-
gion, led by O. ferruginea, R. sticticum, O. aurulenta, O. andrenoides, H.
fertoni and Osmia fallax Pérez, 1895 (Miiller, 1994; Le Goff, 2003;
Moreno-Rueda et al., 2008; Miiller et al., 2018). The spider wasp
Priocnemis propinqua Lepeletier, 1847 was not known to place its nests
in empty gastropod shells and we recorded two nests at two localities.
This species hunts for terrestrial spiders, especially of the family Gna-
phosidae (Wolf, 1971), and puts the paralyzed spiders into various
cavities. Snail shells can be sparsely used too. Bogusch et al. (2019)
recorded for the first time two species of spider wasps in empty shells in
central Europe - both generalists (Anoplius nigerrimus (Scopoli, 1763)
and Auplopus carbonarius (Scopoli, 1763)). One individual of Trachusa
pubescens (Morawitz, 1873) was recorded in a shell. This species places
its nest underground, similar to other species of this genus (Kasparek,
2017) so the specimen probably only used the shell in order to avoid
bad weather. A new host record is the cuckoo bee Dioxys moesta Costa,
1883, which was formerly known to invade nests of several species of
Osmia and Hoplitis (Warncke, 1977). Our specimens were reared from
nests of H. fertoni and this bee is newly confirmed host of D. moesta.

The naturally occurring snail shells density at the localities was
quite high, often reaching around 40-80 shells per square meter.
Generally the slopes with ruderal vegetation hosted very rich popula-
tions of medium-sized (Cernuella or Theba) or large (Eobania and Otala)
snail species while the near-natural habitats in dry regions contained
much lower number of shells and bigger snail species (Sphincterochila,
Eobania and Otala) were most numerous. This fact can be connected
with the explanations of why the deployed shells were settled only by a
small number of nests: the bees had many available shells at the locality
and thus did not need to settle the shells, which were experimentally
deployed. Moreover, ruderal sites are much poorer in flowering plant
species and thus they host less species of bees than near-natural sites.
Several of the bees nesting in empty gastropod shells have very specific
nesting biologies, settling only shells in rock or wall cavities or placed
under stones. This nesting biology is typical for the genus
Rhodanthidium (L. Hlavackové & P. Bogusch, unpublished data) and our
results correspond with their nesting biology very well. Both R. sep-
temdentatum and R. sticticum are numerous in the studied region (Torné-
Noguera et al., 2014) and R. sticticum was frequently recorded in col-
lected shells. However, we did not record these species nesting in ex-
perimentally deployed shells although (L. Hlavackové & P. Bogusch,
unpublished data) recorded plenty of nests of both species of this genus
under stones and in rock and wall cavities.

Finally, we confirmed that high proportion of gastropod shells at the
localities is essential for many bees, which depend on the habitat for
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nesting and food, both as adults and larvae (Westrich, 2018; Westerfelt
et al., 2018). Near-natural habitats provide abundant shells for nesting
bees, with a plentiful amount of pollen and nectar available both from
the surrounding native plants and the blossoms in the nearby orchards.
Thus, these near-natural sites, as well as small patches with ruderal
vegetation, are very important for shell-nesting bees, which can benefit
from this situation with nesting and food resources in a small area.
Although the landscape in Catalonia is less influenced by human ac-
tivities than the landscape in central Europe, the near-natural sites
around fruit orchards may serve as biodiversity hotspots for bees, si-
milar to small field wetlands in central Europe (Heneberg et al., 2018).
Further surveys will help to confirm the importance of these habitats in
the South-European landscape. In addition, studies on bees directly
pollinating almond and other trees in orchards will demonstrate whe-
ther the bees nesting in empty shells represent a large abundance of the
native pollinators.

5. Conclusions

Small to medium-sized near-natural habitat patches neighbouring
almond orchards are very important habitats in Southern European
landscapes for both bees and wasps. We confirmed that these habitats
host strong populations of bees nesting in empty shells of terrestrial
gastropods, these gastropod species being very numerous in these ha-
bitats, especially in dry regions. Similar microhabitats of ruderal
character are inhabited by less abundant and less species-rich assem-
blages of these bees. Fruit trees are dependent on insect pollination and
it is essential that consideration is given to native pollinators, not
simply the commercial honeybees and bumblebees that are kept in
hives near orchards. Thus, the presence of microhabitats of natural
character near the orchards is very important both for the crops and the
sustainability of the habitats.

Bees and wasps nesting in empty gastropod shells usually prefer the
larger and medium-sized species (S. candidissima, E. vermiculata or
Cernuella spp.), which are numerous at the localities. There are big
differences in the preferences of shells among the bee and wasp species,
and also in the nesting habits. These differences can help the species
inhabit their biotopes - more species can find a habitat at quite small
but heterogeneous sites because of a greater species richness of shell
being present. The use of experimentally deployed shells showed that
the bees and wasps found a portion of shells suitable to nest in the
localities and could therefore form strong populations. Neighbouring
almond trees may provide additional sources of nectar and pollen.
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5.5 Bogusch P., Hlavackova L., Petr L., Bosch J. 2020c: Nest structure, pollen utilization
and parasites associated with two west-Mediterranean bees (Hymenoptera, Apiformes,
Megachilidae) nesting in empty snail shells. Journal of Hymenoptera Research 76: 113—
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V ramci nasich vyzkumi na ptirod¢€ blizkych lokalitach u mandloniovych sadt nedaleko
mésta Lleida ve Spanélsku jsme ziskali vétsi mnozstvi hnizd dvou druhi samotatskych véel —
Hoplitis fertoni a Osmia ferruginea. Podrobnosti o hnizdéni téchto dvou druhtt doposud nebyly
prili§ prozkoumany.

Prevazna vétsina ulit s hnizdy byla sesbirdna na lokalitach v suché kopcovité oblasti,
pouze nékolik ulit druhu O. ferruginea bylo v oblasti fi¢ni nivy. Ulity s hnizdy obou druhii byly
nalezeny na povrchu zemé a nebyly ni¢im zakryté. Nejvice hnizd bylo v ulitdich druhu
Sphincterochila candidissima.

Popsali jsme hnizdni strukturu téchto dvou druhti. Oba druhy stavi v hnizdé vétsi
mnozstvi plodovych bungk, toto mnozstvi je ale variabilni a odviji se od velikosti dané ulity.
H. fertoni vyuziva ke stavbé zatky i piepazek jil a stejnym materialem vyklada také stény
hnizdnich komurek. Za zitkou je nékdy vystavéna prazdnd komirka, jindy ovSem chybi.
Néktera hnizda mohou mit prazdnou komirku uvniti hnizda mezi plodovymi bufikami.
Komturky jsou vétSinou umistény linedrné za sebou, u nékterych hnizd vsak bylo v prostoru
u usti ulity nalezeno nékolik komurek vystavénych vedle sebe. Oproti tomu O. ferruginea
vyuziva ke stavbé hnizda rozzvykany rostlinny material, a to jak na zatku, tak i na prepazky.
Stény plodovych komurek timto materidlem nevyklada, ani jim nepotird povrch ulity. Za zatkou
byvé prazdna komtrka a plodové komiirky jsou umistény linearné.

Nékteré ulity byly parazitované, a to ptevazné druhy, které doposud nebyly u téchto vcel
zaznamenany. Nejcastéj$im parazitem u H. fertoni byla zlaténka Chrysura hybrida, mimo ni
jsme v hnizdech nalezli také kodulky Stenomutilla collaris a S. hotentotta, kukacéi vcelu
Dioxys moesta a dlouhososku Anthrax aethiops. Hlavnim parazitem u druhu O. ferruginea byla
drvenka Sapyga quinquepunctata, dale byla nalezena i dlouhososka A. aethiops.

Na zakladé¢ pylovych analyz jsme popsali pylovou specializaci obou druht
samotaiskych vcel. H. fertoni je druh oligolekticky na Boraginaceae, O. ferruginea polylekticky

sbirajici pyl ponejvice na rostlinach ¢eledi Cistaceae, Fabaceae a Lamiaceae.
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Abstract

Around thirty species of European solitary bee species in the family Megachilidae nest in empty gastro-
pod shells. We surveyed this group of bees in semi-natural sites adjacent to almond orchards near Lleida
(north-eastern Spain) and collected 35 Hoplitis fertoni and 58 Osmia ferruginea nests in shells of six snail
species. We describe the nest structure and report the identity of pollens collected by the two bee species.
Both species adjust the number of brood cells to the size of the shell and occasionally build intercalary
(empty) cells. H. fertoni uses clay and O. ferruginea chewed plant leaves for building cell partitions and
nest plugs. Most nests of both species were built in Sphincterochila candidissima shells. Analysis of the pol-
len of selected nests confirmed that H. ferroni is oligolectic on Boraginaceae (in our study all pollen was
from Lithodora fruticosa) and O. ferruginea is a polylectic species (collecting mostly pollen from Cistaceae,
Fabaceae, and Lamiaceae in our study area). Nests of H. fertoni were parasitized by five species, the golden
wasp Chrysura hybrida, the cuckoo bee Dioxys moesta, the velvet ants Stenomutilla collaris and Stenomutilla
hotentotta, and the bee-fly Anthrax aethiops; nests of O. ferruginea were parasitized by the sapygid wasp
Sapyga quinquepunctata and A. aethiops. Except for C. hybrida these are newly recorded host-parasite asso-
ciations. Our results confirm previous information and bring new findings on the ecology of both species.

Copyright Petr Bogusch et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Introduction

Bees (Anthophila/Apiformes) are a very speciose clade of Hymenoptera, with more
than 20,000 species worldwide (Michener 2007). Most of these species are solitary
and build their nests underground (Michener 2007; Danforth et al. 2019). However,
about a third of the solitary bee species nest above-ground, mostly in pre-established
cavities (Bogusch and Hordk 2018). Among these, a small group of species have spe-
cialized in nesting in empty gastropod shells. This behaviour is widespread in the Old
World (Miiller et al. 2018), including the Palaearctic and Southern Africa (Gess and
Gess 1999, 2008), but much rarer in the New World (Michener, 2007). In Europe
about 30 species in the genera Osmia, Hoplitis, Protosmia and Rhodantidium are known
to construct nest in gastropod shells. The majority of these species have distributions
restricted to the southernmost part of the continent (Miiller 1994; Miiller et al. 2018).
Most of these species are very specialized in their nesting substrate choice and rarely use
other cavity types (but see Bosch et al. 1993). The nesting biology of species occurring
in central Europe is fairly well-known. Several species display a series of behaviours
related to the manipulation, translocation, and camouflaging of the nest shells (Bell-
mann 1981; Miiller et al. 2018). Various species of Chrysura golden wasps have been
reported as parasitoids of these species (Miiller 1994; Westrich 2018; Bogusch et al.
2019). However, the nesting biologies of species occurring only in southern Europe re-
main poorly known (Miiller et al. 2018). During our studies on shell-nesting bees near
Lleida (Catalonia) in northeast Spain we collected a good number of nests of Hoplitis
fertoni and Osmia ferruginea, two species with a Mediterranean distribution.

Hoplitis fertoni occurs in North Africa, Spain, Portugal, and Sicily, and may be locally
abundant. It builds its nests in shells of large snail species (such as Eobania, Otala and The-
ba), and uses mud to build brood cell partitions and to close the nest (Ferton 1908; Le Goff
2003; Miiller et al. 2018). H. fertoni nests in spring and does not move or cover its nest-
ing shells (Le Goff 2003). Cuckoo wasps Chrysura hybrida, Chrysura cuprea and Chrysura
trimaculata are parasitoids of Hoplitis fertoni and several other bees nesting in empty shells
(Berland and Bernard 1938; Petit 1969, 1980; Le Goft 2003; Wisniowski 2014).

Osmia ferruginea occurs in all countries around the Mediterranean and may be lo-
cally common in the West-Mediterranean region (Miiller 2019). It flies in the spring
and utilizes shells of a high number of snail species of various sizes, where it builds
1-10 brood cells separated by partitions of masticated plant matter (Ferton 1905;
Saunders 1908; Alfken 1914; Benoist 1931; Mavromoustakis 1952; Grandi 1961;
Haesseler 1997; Moreno-Rueda et al. 2008). Although this species is widespread in
South Europe, no associated parasitoid species are known (Miiller 2019).
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Here, we describe the nest structure of Hoplitis fertoni and Osmia ferruginea, and
report on the snail shells used and the pollens collected by these two species. We also
report on several parasitoids and nest cleptoparasites reared from the collected nests.
We discuss our results in relation to previous information available for these two spe-
cies (Ferton 1905, 1908; Benoist 1931; Grandi 1961; Haesseler 1997; Le Goff 2003;
Moreno-Rueda et al. 2008; Miiller et al. 2018; Miiller 2019).

Methods

In March 2019 we collected more than 500 large gastropod shells (the size of semiadult
Cernuella virgata, 8 mm, or bigger) in 10 semi-natural sites with high shell availability
around almond orchards near Lleida. We also collected 434 shells in three additional
localities in which shell availability was lower. Some of the shells contained Hoplitis
fertoni nests built in the previous year (with cocoons). Other shells contained fresh
Osmia ferruginea nests (with provisions and eggs/larvae).

Hoplitis fertoni nests were dissected 0-8 days after collection. The number of brood
cells, their shape and positions within the shell and the number of larvae, pupae and
adults were recorded. Some remnants of pollen provisions were collected and placed
inside plastic micro-tubes for later identification. Some O. ferruginea nests were also
dissected 0—8 days after collection. The rest were dissected at biweekly intervals until
May 11*, when all nests contained mature larvae in cocoons (prepupae). All brood was
kept under laboratory conditions until adult eclosion which occurred by September
the same year. The cocoons were opened in September 2019, when all bees and their
parasites developed into adults and were alive inside the cocoons, two specimens of the
brood parasite Sapyga quinquepunctata spontaneously hatched and left the cocoons a
few days before we opened them.

Pollen samples were prepared using a standard acetolysis method (Moore et
al. 1991). Pollen were boiled for 5 min. in an acetolysis mixture of sulphuric acid
(H,SO4) and acetic anhydride (CH3CO),O (1 : 9 ratio). Samples were then trans-
ferred to a mixture of water and glycerol. Slides were observed at 400x magnification.
Pollen grains were determined using pollen identification keys (Punt and Clarke 1984;
Moore et al.1991; Reille 1992; Beug 2004) and the reference collection of the Institute
of Botany of the Czech Academy of Sciences.

Photos of shells containing nests, closing plugs, and dissected nests were taken
with a digital camera Nikon Coolpix B500. Photos of larvae, brood cells, and nest
details were taken with a digital camera Canon EOS 550 and a macro-objective
equipped with LED goose-neck light. Final figures were created from multiple level-
photos stacked by Zerene Stacker software. We drew figures of nest structure using
pen-drawing and colouring in Adobe Photoshop. Photos of pollen grains were taken
under a light microscope Delphi X-Observer DX 2153-PLi with a camera Moticam 5+
and software for photo analysis.
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Results

Hoplitis fertoni

Nest structure. We collected 35 gastropod shells with nests of H. ferzoni in three of the
13 localities surveyed. All of the localities were situated in dry hilly region. All shells
were found on the ground surface and were not hidden. The closing plug was made of
soil of light-brownish or greyish colour (Fig. 1A). In most nests (32) the closing plug
was placed at the shell aperture. In the remaining three shells it was placed a few mm
inside the shell. Several nests had a vestibular (empty) cell below the plug. The rest of
the shell was filled with brood cells. Some nests had one or more empty intercalary
cells. The brood cell walls were fully lined with soil and inter-cell partitions were dou-
ble (Fig. 1D). The brood cells were arranged longitudinally along the spire of the shell
cavity but some nests had two or more cells arranged transversally close to the nest ap-
erture. Brood cell partitions were 2-5 mm thick (mean 2.6 mm) and the closing plug
3,5-8 mm thick (mean 4.9 mm) (Fig. 1D).

Shell choice. The majority (26, 74.3%) of the nests were built in shells of Sphinc-
terochila candidissima. Other snail species used were Eobania vermiculata (4, 11.4%),
Cernuella sp. (3, 8.6%) and Otala lactea (1, 2.9%). The 35 nests collected contained
217 brood cells (mean £ SD: 6.2 + 2.24; range: 2—10 brood cells per nest). The nests
in S. candidissima shells contained 4-9 brood cells (mean 6.4, median 7), and those
in E. vermiculata shells 5-10 brood cells (mean 5.8, median 6). Nests in the smaller
Cernuella sp. shells contained fewer cells (range 2—3, mean 2.3, median 2).

Nest associates. Altogether 58 (26.7%) brood cells contained dead, dry or mouldy
contents. Of the remaining brood cells, 126 contained pupae or adults of H. ferroni,
and 33 were parasitized (25.8% of brood cells containing live insects). The golden wasp
Chrysura hybrida (Chrysididae) was the most common parasitoid (21 cells in 14 nests).
Cells parasitized by C. hybrida were recognizable by the presence of a semi-transparent
brownish cocoon with a whitish spot within the thicker brownish cocoon of H. ferzon.
We also found five nests parasitized by the velvet ant Stenomutilla collaris (seven cells)
and one nest by Stenomutilla hotentotta (one cell) (Mutillidae). Velvet ants pupated
and became adults by late spring (late May — June). Stenomutilla cocoons were very
similar to those of C. hybrida but harder and darker and did not have whitish marks.
We also found three nests parasitized by the cuckoo bee Dioxys moesta (Megachilidae)
(one cell per nest). The cocoons of this species were composed of a single whitish layer
sparsely covered with dark brownish faecal particles. Pupation and adult eclosion oc-
curred more or less at the same time as in /. ferroni. Finally, we found one nest with
one cell parasitized by the bee-fly Anthrax aethiops (Bombyliidae). The structure of all
nests is illustrated in Fig. 2.

Pollen contents. We analysed pollen samples (remnants of unconsumed provi-
sions) from six nests from two localities (S35 and S37). All pollen grains identified
were Lithodora fruticosa (Boraginaceae) (Fig. 3A). During of March 2019 we repeat-
edly observed Hoplitis fertoni females collecting pollen only on flowers of this species
in various localities.
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Figure 1. Structure of Hoplitis fertoni (A, D) and Osmia ferruginea (B, C, E) nests A shell of Sphinctero-
chila candidissima with nest of H. fertoni B shell of S. candidissima with nest of O. ferruginea C larva of
O. ferruginea on pollen-nectar provision D nest structure of H. fertoni E nest structure of O. ferruginea.
Photos and drawings by P. Bogusch.

Osmia ferruginea

Nest structure. We collected 58 shells with nests of O. ferruginea in nine of the 13 lo-
calities surveyed. Most nests (48) were collected in the localities of a dry hilly area. The
remaining 10 nests were collected in the river floodplains. All nests were found exposed
(not hidden) at ground level. The surface of the shells had no traces of masticated leaf
matter. The closing plug was made of green masticated leaf matter (Fig. 1B). In most nests
(38) it was placed at the shell aperture, but in some it was placed inside the shell. All nests
had a vestibular (empty) cell below the plug. Brood cells were separated by narrow single
partitions of masticated plant matter and the side walls of the brood cells were not lined
(Fig. 1C). At the time nests were dissected (March 2019), each cell contained a yellow to
light yellow spherical pollen provision with an egg or a young larva (Fig. 1C). The brood
cells were always placed longitudinally along the spire of the shell. Brood cell partitions
were around 1 mm thick and the closing plug 1.5-3 mm thick (mean 2.1 mm) (Fig. 1E).

Shell choice. Most nests (28, 48.3%) were built in Sphincterochila candidissima
shells. The remaining nests were placed in shells of Fobania vermiculata (13, 22.4%),
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Figure 2. Diagrams of nest structures of nests of Hoplitis fertoni (right) and Osmia ferruginea (left). The
nests are identified by locality snail codes (Cern — Cernuella sp., Ever — Eobania vermiculata, Iber — Iberel-
lus sp., Olac — Otala lactea, Scan — Sphincterochila candidissima, Tpis — Theba pisana. Each box represents
one brood cell, starting with the innermost cell on the left. Colours represent the various species recorded.

White boxes represent intercalary cells.

Cernuella sp. (11, 18.9%), Theba pisana (4, 6.9%), lberellus sp. (1, 1.7%) and Otala
lactea (1, 1.7%). The 58 nests collected contained 268 brood cells (mean + SD: 4.6
+ 2.09; range: 1-9 brood cells per nest). The nests in S. candidissima shells contained
2-9 brood cells (mean 5.6, median 5), and those in E. vermiculata shells were similar
1-9 brood cells (mean 5.5, median 6). Nests in the smaller shells of Cernuella sp. and



Nests of two bees in empty shells are full of parasites

Figure 3. A Macrophotography of pollen of Lithodora fruticosa from a Hoplitis fertoni nest (locality S35).
Photo by L. Petr. B macrophotography of pollen from an Osmia ferruginea nest (locality S7). Larger pol-

len grains are 7hymus vulgaris; smaller grains are Cistus albidus. Photo by L. Petr.
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Table 1. Pollen composition of six provision samples from Osmia ferruginea nests.

Site Pollen contents
S35 Cistus albidus (Cistaceae) ca. 100%, Asteraceae and 7hymus vulgaris (Lamiaceae)
S37 Cistus albidus (Cistaceae) 37 %, Cytisus scoparius (Fabaceae) 37 %, Olea europaea (Oleaceae) 26 %
S37 Cistus albidus (Cistaceae) 50%, Cytisus scoparius (Fabaceae) 40%, Olea europaea (Oleaceae) 10%
S7 Cistus albidus (Cistaceae) 48 %, Cytisus scoparius (Fabaceae) 27 %, Olea europaea (Oleaceae) 22 %, Thymus
vulgaris (Lamiaceae)12 %, contamination of three pollen types of Asteraceae
S7 Thymus vulgaris (Lamiaceae) 51 %, Cytisus scoparius (Fabaceae) 49 %
S7 Cytisus scoparius (Fabaceae) 77 %, Thymus vulgaris (Lamiaceae) 23 %

1 pisana contained fewer cells (range 1-5, mean 2.1, median 2 and range 2—3, mean
2.5, median 2-3, respectively).

Nest associates. Altogether 56 (20.9%) of the brood cells contained dead, dry
or mouldy contents. Most of the remaining brood cells (203) contained pupae or
adults of O. ferruginea, while 19 contained parasitoids (9% of brood cells containing
alive insects). The main parasitoid species was Sapyga quinquepunctrata (Sapygidae; 18
cells from 11 nests, all from locality S7; 19% parasitism). All the individuals of this
cleptoparasitic species reached adulthood by late summer or beginning of autumn
(September). Brood cells parasitized by S. guinquepunctata were recognizable by the
dark brown oval-shaped cocoon, distinct from the cubic cocoons of O. ferruginea. The
bombyliid Anthrax aethiops was recorded in a single cell of one nest. The structure of
all nests is illustrated on Fig. 2.

Pollen contents. We analysed six pollen samples from nests collected at three dif-
ferent localities. Most pollen grains were of Cistaceae, Fabaceae (Cyrisus type), and
Lamiaceae (Table 1; Fig. 3B).

Discussion

Nest structures of both species correspond to the nest descriptions published by previ-
ous authors (Ferton 1905, 1908; Benoist 1931; Grandi 1961; Haesseler 1997; Le Goff
2003; Moreno-Rueda et al. 2008; Miiller et al. 2018; Miiller 2019). Both Hoplitis
fertoni and Osmia ferruginea belong to the group of species building high numbers
of brood cells per nest. Most bee species nesting in empty gastropod shells build low
numbers of brood cells per shell (usually only one or two) (see Miiller et al. 2018). The
number of brood cells per nest in both Hoplitis fertoni and Osmia ferruginea is highly
variable depending on the size of the shell utilized. Compared to other middle-sized
bee species such as Osmia rufohirta, which usually nests in shells of Xerolenta obvia
and builds one brood cell per nest (Bellmann 1981; Miiller et al. 2018; Heneberg et
al. 2020), Hoplitis fertoni and Osmia ferruginea seem to prefer bigger shells (specially
Sphincterochila candidissima) and build a higher number of cells per nest. S. candidis-
sima has also been reported as the most commonly used shell in other studies on shell-
nesting bees (Moreno-Rueda et al. (2008), Bogusch et al. (in press).
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The number of parasitic species associated with H. ferzoni (5) in our study is re-
markable. The most common parasitoid, Chrysura hybrida was already recorded on H.
fertoni by Le Goff (2003). This species has been associated to several other Osmiini,
nesting either in snail shells (Osmia versicolor, Osmia viridana) or in other types of cavi-
ties (Hoplitis anthocopoides, Hoplitis benoisti, Hoplitis ravouxi, Osmia caerulescens, and
Anthocopa villosa) (Berland and Bernard 1938; Grandi 1961; Petit 1969, 1980). Most
of these records are based on observations of the bee and the wasp co-occurring at a
given locality but, together with our findings, they suggest that C. hybrida specializes
on smaller Osmiini, irrespective of the nesting substrate. Other species of Chrysura also
parasitize bees of the family Megachilidae, and many of them appear to show a strong
preference for bees nesting in snail shells (see Miiller et al. 2018).

We also reared two species of velvet ants from the nests of H. ferroni. Velvet ants
are ectoparasitoids and usually have a broad host spectrum. Some species preferentially
parasitize either bees or wasps, but others have been recorded on both guilds of hy-
menopterans (Lelej 1985; Brothers 1989; O’Neill 2001). The biology of Stenomutilla
is not well-known, but several authors have reported associations with solitary wasps,
megachilid bees and chrysomelid beetles of the subfamily Clytrinae (Giner Mari 1944;
Brothers 1989). Thus, it is likely that both species of Stenomutilla recorded in our study
parasitize a wide range of bees and possibly wasps. However, in a broader study in the
same geographical area we have examined hundreds of nests of more than ten snail-nest-
ing bees and we found Stenomutilla only in nests of H. fertoni (Bogusch et al., in press).

The bee-fly Anthrax aethiops, has been recorded as a parasitoid in nests of more
than ten bee species, some of them nesting in gastropod shells (Austen 1937; Du
Merle 1972; Peeters et al. 2012; Miiller et al. 2018). Heneberg et al. (2020) found this
species to be a frequent parasitoid of Osmia spinulosa and two other species nesting in
gastropod shells. This parasitoid has probably a broad host spectrum mostly including
megachilid bees but also other bees. Although this species has only been reported as a
parasitoid of bees, many other representatives of this family are beside bees parasitoids
of crabronid wasps (Yeates and Greathead 1997; Bogusch et al. 2015).

Dioxys moesta is a cuckoo bee occurring in south Europe and North Africa. Its host
spectrum is unknown. Other Dioxys species in Europe and neighbouring regions, are
cleptoparasitic on bees of the family Megachilidae, mostly Hoplitis and Osmia (Westrich
2018), but up to now they were not known to parasitize species nesting in shells. The
question whether D. moesta specializes on shell-nesting species remains open.

Sapyga quinquepunctata is an unspecialized cleptoparasite in nests of several Meg-
achilidae (Stockhert 1933; Vicens et al. 1993; Vicens et al. 1994; Gusenleitner and
Gusenleitner 1994; Osorio et al. 2018; Miiller et al. 2018; Torné-Noguera et al. 2020).
Although it has been reared from nests of Osmia bicolor (Westrich 2018; Heneberg et
al. 2020), it does not appear to be common in nests of shell-nesting species (Bogusch et
al. 2019; Heneberg et al. 2020). Our findings of S. quinquepunctata and Anthrax aethi-
ops in nests of O. ferruginea represent the first records of nest parasitism in this species.

Analysis of the pollen provisions yielded contrasting results for the two species
studied. Previous studies have reported Echium (Boraginaceae) as the only pollen
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source of H. fertoni (Le Goff 2003, Sedivy et al. 2013; Miiller 2019). Both pollen
analysis and field observations indicate that in the study area this species visits another
Boraginaceae, Lithodora fruticosa. Thus, with the information currently available, /.
fertoni should be considered oligolectic on Boraginaceae, just like most species of the
Hoplitis adunca species-group (Miiller 2019). We have also observed flowering L. fru-
ticosa at five localities studied, and three females of H. ferroni in three localities (one in
each) were observed on flowers of this plant. No species of Echium was in flower during
our studies (middle March 2019) so L. fruticosa is probably the only useful source of
pollen for first females of H. fertoni provisioning their nests. In other regions, the situ-
ation can be different and this species can specialize on other pollen sources, especially
of genus Echium (as was published by Le Goff 2003 and Miiller et al. 2018). H. fertoni
lacks any of the morphological adaptations usually present in bees that harvest pol-
len from flowers with included anthers, so it is a question how it is able to efficiently
exploit these flowers. Perhaps some behavioral trick that might be revealed by detailed
field observation. On the other hand, our results confirm that O. ferruginea is a polylec-
tic species with preference for the Fabaceae (Miiller 2019). In our nests, all provisions
analyzed contained pollen from several plant families. Other species in the subgenus
Pyrosmia are usually polylectic, but several are oligolectic on Fabaceae (Miiller 2019).

The biology of shell-nesting bees from south Europe is poorly known. Our study
contributes to filling this gap by providing new records of parasites and pollen use,
as well life history and nesting behaviour traits. Interestingly, some of these traits are
shared with bees of the same taxa nesting in other types of cavities. For example, Hop-
litis adunca also lines cell walls, builds double inter-cell partitions and is oligolectic on
Boraginaceae (Bosch et al. 2001). For the most part, parasites recorded in this study
also seem to be shared by species nesting in other substrates. Nesting behaviour, pol-
len preferences and host-parasite associations are important sources of information for
the reconstruction of phylogenies and for tracking the evolution of behavioural traits
in Megachilid bees (Miiller 1996; Bosch et al. 2001; Sédivy et al. 2008, Litman et al.
2011; Gonzailez et al. 2019).
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Vyzkumy evropskych druhtt rodu Rhodanthidium, které hnizdi v prazdnych ulitach,
probihaly ve stiedni Evropé a ve Spanélsku. Konkrétné se jedna o druhy R. septemdentatum,
R. sticticum, R. siculum a R. infuscatum. Jejich hnizdni biologie doposud nebyla pfili§ znama,
nase vyzkumy tak pfinesly nové informace 0 struktuie jejich hnizd, preferovanych druzich ulit,
parazitech a pylové specializaci.

Vyzkum probihal dvéma metodami — vyhledavanim a sbérem zahnizdénych ulit
aV ptipadé druhti R. septemdentatum a R. sticticum také pfimym pozorovanim hnizdicich
samic.

Vsechny &tyfi druhy si obvykle vybiraji ulity vétsich velikosti (ve Spanélsku to byl
nejéastéji druh Eobania vermiculata, ve stiedni Evropé Caucasotachea vindobonensis) a ke
stavbé hnizda vyuzivaji obdobny material (pfedevSim pisek, malé kaminky a fragmenty ulit
spojené pryskyfici). Struktura hnizda 1 pocet hnizdnich komtrek se vSak u jednotlivych druhii
lisi. VéEtsi druhy, R. septemdentatum, R. sticticum a R. siculum, obvykle stavi pouze jednu
komurku, nékdy dvé. Oproti tomu mensi R. infuscatum stavi dvé az ¢tyii komirky na hnizdo.

VSechna studovana hnizda méla mezi zatkou a posledné vystavénou plodovou buitkou
dlouhou (vestibularni) komuirku. Hnizda jednotlivych druhii se pak liSila v pfitomnosti ¢i
nepiitomnosti prepazky mezi touto komirkou a plodovou bunikou. Pryskyti¢nad prepazka se
vyskytovala u hnizd druhd R. septemdentatum a R. infuscatum, u zbylych dvou druht chybéla.
Druhy zasadni rozdil byl také vtom, zda vstupni komulrka byla, ¢i nebyla vypliovana
mineralnim nebo rostlinnym materialem. Ridce vyplnéné byly tyto komirky u hnizd druhii
R. septemdentatum a R. sticticum, zatimco zbylé dva druhy ponechavaly tyto prostory prazdné.

Vramci vyzkumii jsme také piimo pozorovali hnizdici samice u druht
R. septemdentatum a R. sticticum. Oba druhy ke stavbé hnizda vyuzivaly ulity ukryté pod
kameny nebo ve Stérbindch kamennych zdi a dale s nimi nijak nemanipulovaly. To je rozdil
oproti pozorovani druhu R. siculum, které provedli Erbar & Leins (2017), kdy hnizdici samice
zahnizdéné ulity zahrabavaly do pisku.

U tiech druhti (R. septemdentatum, R. sticticum a R. siculum) jsme potvrdili pfezimovani
ve stadiu dospélce. Nase pylové analyzy ukazaly, ze druhy rodu Rhodanthidium jsou

polylektické, ale také naznacily preferenci druhu R. sticticum na rostliny celedi Fabaceae.


https://doi.org/10.3897/jhr.85.66544

V hnizdech jsme nalezli velmi malo parazitd, pouze u druhu R. sticticum byla dvé hnizda
parazitovana zlaténkou Chrysura refulgens a nékolik hnizd bylo napadeno pylovymi roztoci

Chaetodactylus cf. anthidii.
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Abstract

Some species of two tribes (Anthidiini and Osmiini) of the bee family Megachilidae utilize empty gas-
tropod shells as nesting cavities. While snail-nesting Osmiini have been more frequently studied and the
nesting biology of several species is well-known, much less is known about the habits of snail-nesting An-
thidiini. We collected nests of four species of the genus Rhodanthidium (R. septemdentatum, R. sticticum,
R. siculum and R. infuscatum) in the Czech Republic, Slovakia, Catalonia (Spain) and Sicily (Italy). We
dissected these nests in the laboratory and documented their structure, pollen sources and nest associates.
The four species usually choose large snail shells. All four species close their nests with a plug made of
resin, sand and fragments of snail shells. However, nests of the four species can be distinguished based on
the presence (R. septemdentatum, R. sticticum) or absence (R. siculum, R. infuscatum) of mineral and plant
debris in the vestibular space, and the presence (R. septemdentarum, R. infuscatum) or absence (R. sticti-
cum, R. siculum) of a resin partition between the vestibular space and the brood cell. Rhodanthidium
septemdentatum, R. sticticum and R. siculum usually build a single brood cell per nest, but all R. infuscatum
nests studied contained two or more cells. For three of the species (R. siculum, R. septemdentatum and
R. sticticum) we confirmed overwintering in the adult stage. Contrary to R. siculum, R. septemdentatum
and R. sticticum do not hide their nest shells and usually use shells under the stones or hidden in crevices
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mailto:lucie.hostinska@uhk.cz
http://zoobank.org/53AD3706-AEA6-4645-A3C7-B6A9D53C8525
https://doi.org/10.3897/jhr.85.66544
https://jhr.pensoft.net
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

12 Lucie Hostinskd et al. / Journal of Hymenoptera Research 85: 11-28 (2021)

within stone walls. Nest associates were very infrequent. We only found two R. sticticum nests parasitized
by the chrysidid wasp Chrysura refulgens and seven nests infested with pollen mites Chaetodactylus cf. an-
thidii. Our pollen analyses confirm that Rhodanthidium are polylectic but show a preference for Fabaceae
by R. sticticum.

Keywords
Anthidiini, bees, ecology, nest structure, phenology, pollen specialization

Introduction

There are approximately known 20,000 species of bees worldwide classified into seven
families (Michener 2007). Most non-parasitic species (ca. 70%) nest underground.
Among bees nesting above ground, a few species, all of them in the family Megachili-
dae, utilize empty gastropod shells for nesting. Megachilidae comprises approximately
4,000 species classified into seven tribes and more than 70 genera (Michener 2007;
Ascher and Pickering 2020). Nesting in gastropod shells has been reported in two
tribes (Osmiini and Anthidiini) and five genera (Osmia Panzer, Hoplitis Klug, Protos-
mia Ducke, Rhodanthidium Isensee, and Afranthidium Michener). In addition, there
is a single record of nesting in gastropod shells for Megachile (Chalicodoma) lefeburei
Lepeletier (tribe Megachilini), which usually builds nests in cavities in or between
rocks (Miiller et al. 2018).

The largest number of species nesting in snail shells are found in the Osmiini,
which includes 52 species from five genera, most of which (43 species) occur in the
Palacarctic biogeographic region (Miiller et al. 2018). Most species are shell-nesting
specialists and only occasionally use other types of cavities. However, a few species
(most in the subgenus Osmia (Osmia)) typically nest in other types of cavities and
only occasionally in snail shells (for review, see Miiller et al. (2018)). The tribe An-
thidiini displays a wide variety of nesting behaviours, including nesting underground,
using various types of cavities and building exposed nests (Michener 2007; Litman
et al. 2016; Westrich 2018). Nesting in shells in this tribe has been recorded in only
four Palacarctic species of Rhodanthidium (Erbar and Leins 2017; Baldock et al. 2018;
Westrich 2018; Romero et al. 2020) and two Afrotropical species of Afranthidium
(Gess and Gess 2008, 2014).

The genus Rhodanthidium comprises 13 species, eight of which occur in Europe.
The genus is divided into three subgenera: Asianthidium Popov (three species), Megan-
thidium Mavromoustakis (one species) and Rhodanthidium s. str. Isensee (nine species)
(Michener 2007; Kasparek 2019; Kuhlmann et al. 2021). Among Asianthidium, the
nesting biology is known only in R. caturigense (Giraud) which occurs in southern and
central Europe, North Africa and the Middle East. This species builds nests in soil,
often in large aggregations of 130—150 females. Nests of R. caturigense usually have
3—6 brood cells at the end of a short burrow. Cells are usually haphazardly oriented
and conform to the presence of stones and roots. This species uses plant resin and plant
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fibres to build nest plugs and brood cells. Each individual brood cell has two distinct
layers — the inner layer of resin and the outer layer of plant fibres (e/g/ from leaves of
Verbascum). The plug of the nest is built from resin coated with plant fibres (Pasteels
1977; Scheuchl and Willner 2016; Kasparek 2019). The nesting biology of the only
Meganthidium species (R. superbum (Radoszkowski)), which is distributed in Turkey
and the Middle East, remains unknown (Kasparek 2019).

The nesting biology of the subgenus Rhodanthidium s. str. is only partly known
for five of the nine described species. Nothing is known about the nesting biology
of R. acuminatum (Mocsdry) from Morocco, Sicily, Greece and Turkey, R. buteum
(Warncke) from eastern Turkey, R. exsectum (Pasteels) from the Middle East, and R.
ordonezi (Dusmet) from Morocco (Kasparek 2019). The nesting biology of R. rufocine-
tum (Alfken) also remains unknown; because of its close phylogenetic relationship to
R. septemdentatum, it is expected to nest in snail shells (Kasparek 2019). The nesting
biology of the other four species has only been partly described. Rhodanthidium septem-
dentatum (Latreille) has a wide distribution across southern and central Europe, North
Africa and the Middle East; R. infuscatum (Erichson), R. siculum (Spinola) and R.
sticticum (Fabricius) are only distributed in the western part of southern Europe (Por-
tugal to Italy) and North Africa. Erbar and Leins (2017) described the nesting biology
and pollen preferences of R. siculum. Although various aspects of the nesting biology
of the three remaining species can be reconstructed based on several short notes (R.
septemdentatum: Xambeau 1896; Friese 1911; Armbruster 1913; Grandi 1961; Gogala
1999; Grace 2010; Kasparek 2019; R. infuscatum: Pasteels 1977; R. sticticum: Schrem-
mer 1960; Pasteels 1977; Ortiz-Sinchez 1990; Bosch et al. 1993; Romero et al. 2020),
a comprehensive study of their biology has not yet been published. In particular, the
range of snail species used by these species is unknown; the only relevant publication
to date is that of Romero et al. (2020), who studied the use of empty gastropod shells
by adults during inclement weather and at night.

In this study, we describe the nesting biology of four species of Rhodanthidium
(R. septemdentatum, R. sticticum, R. siculum and R. infuscatum), including the range of
snail shells used, the manipulation of shells by females during nesting, the structure
of the nest, the main pollen sources collected by nesting females for their brood, the
overwintering stage and the nest parasites.

Methods

We collected snail shells containing nests of Rhodanthidium in the Czech Republic
(two sites in 2017 and 2018), Slovakia (one site), Catalonia (northeastern Spain; vari-
ous sites in the provinces of Barcelona, Girona and Lleida in 1996, 1999, 2001, and
2018-2021), and Sicily (Italy, one site in 2018) (Suppl. material 1: Table S1, Suppl.
material 2: Table S2). A description of all the sites surveyed is provided in Appendix 1.

We dissected the snail shells in the laboratory using thick tweezers, carefully break-
ing off small fragments of the upper part of the shell from the aperture to the apex.
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Figure 1. Location of study sites (blue dots) in the three regions surveyed.

We described the structure of the nest, including the number of brood cells and the
materials used to make the plug and cell partitions, as well as any loose filling material
found in the vestibular cell. We also recorded the developmental stage of the brood.
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Larvae (with their food provision) and pupae of nests collected in spring/summer were
transferred to microtubes closed with cotton wad and kept under laboratory condi-
tions (20-22 °C, ca. 60% relative humidity). In September, cocoons were dissected to
check the developmental stage. Adults were identified, and their sex determined.

We described the structure of the nests, took photos of some of them and made
schematic drawings of the structure of nests for the four species. Photos of nests and
their contents were taken using a Canon E550d digital camera with a macro lens.
Final figures were created from multiple photos stacked by ZERENE STACKER software
using the D-Map/P-Max algorithm. The drawings of nests were made by a pen and
retouched and coloured in ADOBE PHOTOSHOP.

We took pollen samples of five nests of R. septemdentatum, one nest of R. siculum
and nine nests of R. sticticum. Pollen samples were prepared using a standard acetoly-
sis method (Moore et al. 1991) based on 5 min of boiling in an acetolysis mixture of
sulfuric acid (H,SOy) and acetic anhydride (CH3CO),0 at a ratio of 1:9. The sample
was then transferred into a mixture of water and glycerol. Slides were observed at 400x
magnification using a light microscope. Pollen grains were identified using pollen at-
lases (Punt and Clarke 1984; Moore et al. 1991; Reille 1992; Beug 2004) and the refer-
ence collection of the Department of Botany at Charles University. An overview of the
samples and types of pollen found is shown in Suppl. material 3: Table S3.

In our study of the nesting biology of R. septemdentatum, we attempted to deter-
mine whether females search for nesting snail shells under stones or if they transport
snail shells under stones themselves. In 2018, we performed a manipulative experiment
with snail shells in the locality Prokopské udoli. Based on our knowledge of the nest-
ing sites of this species from 2017, we placed 16 empty snail shells of Caucasotachea
vindobonensis (Férussac) on the ground surface around each of four nesting sites: four
shells at a distance of up to 50 cm from the centre of the nesting site (marked with a
number of the nesting site and letter A), another four shells up to 1 m (B), another
four shells up to 2 m (C), and the last four shells up to 4 m (D). The snail shells were
placed on 30™ April 2018 (before the nesting season) and collected on 29 June (at the
end or after the end of the nesting season).

Results

Rhodanthidium septemdentatum (Latreille)

Material examined. 23 nests from five localities in the Czech Republic, Slovakia and
Spain (Suppl. material 2: Table S2).

Nest structure. All nests had a subterminal closing plug, a vestibular cell and one
or two brood cells (Fig. 2). The vestibular cell was delimited by the closing plug and
an inner partition, both made of resin and loosely filled with mineral fragments, soil
and plant matter. In nests with two brood cells, there was no partition between the
two (Fig. 2B). Nests with two cells appeared to be more frequent in central Europe
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Figure 2. Photos and schematic drawings of nests of four species of Rhodanthidium. Rhodanthidium septem-
dentatum A shell of Caucasotachea vindobonensis with closing plug made of resin B schematic drawing of the
inner nest structure in the shell. Rhodanthidium sticticum C shell of Eobania vermiculata with closing plug
made of resin and soil particles D schematic drawing of the inner nest structure in the shell E photo of the
shell with larva, pollen and filling of stones and plant partitions. Rhodanthidium siculum F shell of Eobania
vermiculata with closing plug made of resin, sand and shell particles G schematic drawing of the inner nest
structure in the shell. Rbodanthidium infuscatum H schematic drawing of the inner nest structure in the shell.
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Figure 3. Proportions (in %) of shells used by Rhodanthidium sticticum (black columns) and Rhodanth-
idium septemdentarum (grey columns).

(Czech Republic and Slovakia) (11 of 17 nests examined) than in Spain (0 of 6 nests
examined). Overall, we obtained 26 adult bees, 15 males and 11 females (M/F sex
ratio: 1.4).

Shell choice. All nests from the Czech Republic and Slovakia were built in shells
of C. vindobonensis, whereas nests from Spain were found in Eobania vermiculata (O.
E Miller) (3), Sphincterochila candidissima (Draparnaud) (1), Cernuella virgata (Da
Costa) (1), and Cornu aspersum (O. E Miiller) (1) shells (Fig. 3).

Shell manipulation. Females of R. septemdentatum do not move shells. All marked
shells from our experiment in Prokopské tdoli remained in place with no nesting on
the ground surface, and only one shell placed near the centre of the nesting site (group
A) was found under the stone with a nest of R. septemdentatum. However, we found
five unmarked shells with nests under the stones on the same nesting site and suspected
that the shell probably fell under the stone because of the climatic conditions before
the nesting season of R. septemdentatum; alternatively, the space between the stones was
utilized as a shelter by snails.

Life cycle. We dissected five nests in September 2017. All of them contained adult
bees inside their cocoons. We also found adults in two nests collected during the winter
0f2017/2018. In the spring of 2018, 16 young larvae from nine nests were transferred
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Figure 4. Proportions (in %) of pollen grains of plant families in studied nests of three species of

Rhodanthidium.

with their pollen and nectar provisions to microtubes. The feeding larval stage lasted
5—8 weeks. Pupation occurred during July and August, and adults eclosed 2—4 weeks
after pupation. Five larvae did not pupate and died during the winter. We conclude
that R. septemdentatum overwinters in the adult stage in both study regions.

Nest associates. There were no nest associates with any of the R. septemdentatum nests.

Pollens collected. We analysed pollen samples from five nests from the Czech
Republic. We recorded 41 pollen types from 22 plant families. Of these, 13 pollen
types representing nine families were recorded in proportions higher than 10%. The
most abundant pollen types were of the families Boraginaceae (20%, mostly Echium
vulgare), Rosaceae (14%, mostly Rubus and Filipendula), Fagaceae (13%, mostly Fagus
sylvatica), Fabaceae (11%, mostly Cytisus) and Plantaginaceae (7%) (Fig. 4 and Suppl.
material 3: Table S3). Individual nests usually contained a mixture of pollen types from
unrelated families. Only one nest contained a dominant pollen type (71% Echium
vulgare pollen). The other nests contained 4-18 pollen types, of which only 2—5 repre-
sented more than 10% of the grains identified. These results indicate that R. septemden-
tatum is widely polylectic, and individual females do not specialize on any particular
pollen source.

Rhodanthidium sticticum (Fabricius)

Material examined. 95 nests from various locations in Catalonia, north-eastern Spain
(Suppl. material 2: Table S2).

Nest structure. The nests of this species have a vestibular cell and one (rarely
two) brood cells. The closing plug was made of resin mixed with sand particles and
sometimes fragments of snail shells (Fig. 2C). In most cases (62 nests), the closing
plug was close to the aperture, but sometimes it was built a few mm inside the shell
(33 shells). The vestibular cell was not delimited by a basal partition (Fig. 2D) and
was loosely filled with mineral fragments, soil particles and plant debris (Fig. 2D, E).
Most nests (90) had only one brood cell. Five nests contained two brood cells, and one
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nest contained three brood cells. Overall, we obtained 76 adult bees, 44 males and 33
females (M/F sex ratio: 1.3).

Shell choice. Most nests (67) were built in shells of E. vermiculata (65). Other
nests were built in shells of S. candidissima (9), C. aspersum (8, two of which juveniles),
Otala lactea (O. E Miiller) (5), Iberellus sp. (4), and Theba pisana (O. E. Miiller) (2)
(Fig. 3). Multicell nests were found in E. vermiculata (two cells) and O. lactea (3 cells).

Shell manipulation. Most nests were found in shells hidden within stone walls
or under stones. However, despite many hours of observation, we never observed any
females dragging or hiding shells.

Life cycle. Eleven larvae from 21 nests collected in 2018 were transferred with
their pollen nectar provisions into microtubes 4—10 days after collection. The feeding
larval period lasted 3—6 weeks, and the pupal stage lasted 2—4 weeks. Adult eclosion
occurred in July and August. Some larvae did not pupate and died during the au-
tumn/winter.

Nest associates. We recorded parasitism by the ruby wasp Chrysura refulgens (Spi-
nola) in two nests from Cap Ras (Girona) and by Chaerodactylus cf. anthidii mites in
one nest from Sta. Margarida de Montbui (Barcelona). Overall, the parasitism rate in
the nests examined was 3.03%. In addition, the three nests from Lleida (Lleida) and
two nests from Odena (Barcelona) contained low numbers of C. cf. anthidii, which did
not cause the death of the bee.

Pollens collected. We analysed pollen samples in eight nests from Spain. We re-
corded 30 pollen types from 19 plant families. Of these, eight pollen types from six
plant families were found in proportions greater than 10%. Most pollen grains identi-
fied (52%) were of the family Fabaceae (mostly Cyzisus but also Trifolium repens), fol-
lowed by Brassicaceae (19%) and Asteraceae (10%). Individual nests tended to be provi-
sioned with a dominant (>50%) pollen type: Cytisus pollen was dominant in five nests,
Brassicaceae pollen in two nests, and 77ifolium repens pollen in one nest (Fig. 4 and
Suppl. material 3: Table S3). These results indicate that R. sticticum is a polylectic species
with a preference for collecting Fabaceae pollen and that females show a certain level
of specialization, probably conditioned by the dominant pollen types in each locality.

Rhodanthidium siculum

Material examined. Two nests from Sicily.

Nest structure. The nests of this species contained only one brood cell. The ves-
tibular space had no inner partition and, unlike the two previous species, was not filled
with debris (Fig. 2G). The closing plug was made of resin with small fragments of snail
shells and sand particles (Fig. 2F).

Shell choice. One nest was built in an E. vermiculata shell, and the other was built
in a 7 pisana shell.

Life cycle. In May, both nests contained young feeding larvae. Adult eclosion oc-
curred in August.
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Nest associates. No nest associates were recorded for this species.

Pollens collected. We analysed pollen from one nest. We identified nine pollen types
from five plant families. The main plant family was Asteraceae (62%, mostly Anthemis
arvensis but also Centaurea jacea), followed by Fagaceae (32%, mostly Castanea) (Fig. 4
and Suppl. material 3: Table S3). These results indicate that this species is also polylectic.

Rhodanthidium infuscatum

Material examined. Four nests from Spain. We found one nest in the city park in
Castelldefels (Spain). The snail shell was found in a stone wall, and there were two
cocoons, with hatched bees and partitioning in the nest. The structure of the nest was
similar to that of the nest of R. septemdentatum but did not contain filling in the first
empty cell. The other three records were collected in Spain by P. L. Scaramozzino. Two
nests contained two individuals, and the third nest contained four individuals (mean
2.510.58D).

Nest structure. The nests contained 2—4 brood cells and one vestibular cell. Both
the brood cells and the vestibular cells were delimited by resin partitions (Fig. 2H). The
vestibular cell was not filled with debris. The closing plug was made of resin mixed with
small sand particles. Overall, we obtained 8 adult bees, 6 males and 2 females.

Shell choice. The nest found in Castelldefels was built in an Zberellus sp. shell and
nests from Llanca (Girona) in E. vermiculata shells.

Nest associates. No nest associates were recorded for this species.

Discussion

The four species of Rhodanthidium studied build their nests in snail shells and use
similar nesting materials, but the structures of their nests differ. All four use large snail
shells, and the number of brood cells is inversely related to body size. The larger spe-
cies, R. septemdentatum, R. sticticum and R. siculum, usually build one cell, sometimes
two, per nest. By contrast, R. infuscatum (body length: 9-11 mm; Kasparek 2019)
builds 2—4 brood cells per nest. Information on the number of cells per nest in this
species was hitherto unknown (Pasteels 1977; Ortiz-Sdnchez 1990). Most nests from
Spain were built in shells of E. vermiculata, and most nests from Central Europe were
found in similar-sized C. vindobonensis. Both these species are similar in size, shape
and aperture diameter, and are numerous in steppic habitats. We suppose that nests of
these species can also be found in the shells of other large genera, such as Cepaea Held
and Helix Linnaeus. Although all four species are specialized in the use of snail shells as
nesting substrates, R. sticticum has also been recorded nesting in linear cavities (paper
tubes; Bosch et al. 1993).

All four species use fragments of shells, small stones and grains of sand pasted with
resin as material for the closing plug, and all nests studied had a long vestibular space
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Table I. Comparison of main characters of nesting biology of four European Rhodanthidium species.

Character / Species R. infuscat: R. septemd. R. siculum R. sticticum
Brood cells per nest 2-4 1-2 1 1(2)
Closing plug resin + soil particles resin resin + shell particles + sand  resin + soil particles
Septa between brood cells yes yes no no
Filling no yes no yes
Individual pollen specialisation N/A no no yes
Moving shells N/A no yes no

between the plug and the outermost brood cell (Table 1). However, we observed some
structural differences among species (Table 1). First, R. septemdentatum and R. infusca-
tum build partitions between the outermost brood cell and the closing plug, whereas
R. sticticum and R. siculum do not. Second, R. septemdentatum and R. sticticum fill the
vestibular space with debris, whereas the other two species do not. Therefore, our study
provides new information on the behavioural differences across closely related species
(R. septemdentatum and R. infuscatum nests are considered indistinguishable; Pasteels
1977). Interestingly, the nest structure of R. sticticum nests built in paper tubes (1-2 cells
per nest, lacking a partition between the brood cells and the plug and vestibular space
filled with debris; fig. 1 in Bosch et al. 1993) fully coincides with the structure that we
observed in nests built in snail shells. The lack of cell partitions is an unusual trait among
cavity-nesting megachilid bee species, the vast majority of which build nests with clearly
delimited brood cells (e.g., Bosch et al. 1993; Vicens et al. 1993; Miiller 2021). It is
usually known in one or several species in a group, e.g. Heriades spiniscutis (Cameron)
is the only species of the genus with known nests without partitions (Michener 1968);
Osmia brevicornis (Fabricius) does the same (Radchenko 1979, in the study reported
as Metalinella atrocoerulea Schilling). Although most species of crabronid wasps of the
genus Pemphredon create nests with partitions in dead wood or plant stems (Blosch
2000), Pemphredon fabricii (Miiller) nesting in reed stalks and galls creates nests with-
out partitions and female provisions the smallest larvae (Bogusch et al. 2018). Another
unusual trait among cavity-nesting megachilid bees is the filling of the vestibular space
with loose debris. Bees nesting in empty snail shells usually do not use debris, but several
species with well-described nesting behaviour are exceptions (Osmia bicolor Schrank and
O. rufohirta Panzer) (Bellmann 1981; Miiller et al. 2018; Heneberg et al. 2020).

Erbar and Leins (2017) reported that R. siculum created 1-2 brood cells per nest
that were not separated by a partition. The nests studied by us contained the closing
plug and pollen inside the shell behind the plug. As Erbar and Leins (2017) did not
describe nest structure, this study is the first to describe the nest structures of this spe-
cies. R. septemdentatum and R. sticticum nests are known to contain one or two brood
cells separated by a transverse partitioning from resin, and the closing plug is made of
grains of sand, small stones or plant residues glued together with resin. Grandi (1961)
also described the nest construction of R. septemdentatum in the snail shell of 7. pisana:
the shell had the closing plug made from pieces of shells glued with resin, followed by
a cell filled with various materials (small stones, sand grains, fragments of dry leaves,
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bark and moss), a resin layer and then a brood cell with pollen. We confirm these
observations provided by both authors. Nests of R. sticticum had the space behind the
closing plug filled with small stones and plant pieces, followed by pollen with eggs or
larvae without any partitions.

Consistent with previous studies (Pasteels 1977; Kasparek 2019), all nests that we
studied in the field were placed under stones or inside stone walls. Despite many hours
of observing R. septemdentatum and R. sticticum nesting females, we never observed
any significant manipulation or transportation of shells. Instead, females appeared
to choose shells that were already hidden under stones or in spaces in stone walls.
This was confirmed by our manipulative experiment with shells of C. vindobonensis in
Prokopské adoli. In contrast, Erbar and Leins (2017) provided a detailed description
of R. siculum females transporting and burying nesting shells, usually beneath a plant.
Importantly, the R. siculum population studied by Erbar and Leins (2017) nested in
a sandy area with few stones. Future study of the nesting behaviour of R. siculum in
stony areas and that of R. septemdentatum and R. sticticum in sandy areas could help
determine whether shell manipulation is a plastic behavioural trait conditioned by the
characteristics of the nesting environment.

Parasitism rates were low (3.4% of the cells obtained). We found C. refulgens in
two nests of R. sticticum. Chrysura refulgens has been previously recorded from R. sep-
temdentatum nests (Xambeau 1896; Friese 1911; Bogusch, unpublished observations
in Greece) and probably parasitizes other Rbhodanthidium species nesting in snail shells
(Berland and Bernard 1938), as well as O. bicolor, another snail-nesting species (Stru-
mia 1997). Chrysura refulgens occurs in southern Europe but does not reach Central
Europe (Agnoli and Rosa 2019). We also found three R. septemdentatum nests with
Chaetodactylus cf. anthidii (Klimov and O’Connor 2008). In one of these nests, the
number of mites was high, and the bee did not develop. The other two nests contained
few mites, and the bee larva had developed and spun its cocoon.

Rhodanthidium are polylectic bees (Bosch et al. 1993; Miiller 1996; Erbar and Leins
2017; Westrich 2018; Kasparek 2019). Previous observations have indicated that R.
septemdentatum females collect pollen for their brood primarily from the Fabaceae and
Lamiaceae families (Kasparek 2019). Our results show that Boraginaceae, Rosaceae and
Fagaceae pollen is also preferred. Bosch et al. (1993) found mostly Cistus and Quercus
pollen in nests of R. sticticum. In our study, most of the pollen was from Fabaceae,
followed by Brassicaceae and Asteraceae. R. siculum is known to collect pollen from
Asteraceae and Fabaceae (Erbar and Leins 2017). In addition to Asteraceae, we also
found Fagaceae pollen. To the best of our knowledge, the origin of the pollen collected
by R. infuscatum remains unclear. We found that R. sticticum and R. septemdentatum
are both polylectic, but the pollen preferences of individual females significantly dif-
fer. Each female of R. septemdentatum collected pollen from more species of unrelated
plants (Boraginaceae, Rosaceae, Fagaceae, Fabaceae and Plantaginaceae in our surveys)
and probably tracked the food supply, similar to R. siculum (Erbar and Leins 2017).
Compared with this species, females of R. sticticum collected pollen from one dominant
pollen source, which always made up more than half of all the pollen grains in the nest.
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This pollen source differed among localities and among nesting females in one locality
and usually belonged to the families Fabaceae, Brassicaceae and Asteraceae. Although
we cannot comment on the generality of this individual specialization, our findings in-
dicate that additional studies are needed to examine pollen preferences in both species.

Based on the phylogeny of Rhodanthidium (Litman et al. 2016; Kasparek 2019),
all species of the subgenus Rhodanthidium likely nest in snail shells. According to sev-
eral authors, a separate subgenus might be warranted for R. infuscatum based on its
morphological differences (Michener 2007; Kasparek 2019). However, the nest struc-
ture of this species is similar to that of its relatives, except for the higher number of
brood cells per nest, which appears to be related to the smaller body size of this species.
Rhodanthidium sticticum and R. siculum are morphologically similar, but they differ in
nest structure and possibly in nest manipulation (shell burying in R. siculum but not in
R. sticticum) and possibly in pollen preferences (individual specialization in R. sticticum
in contrast to unspecialized in R. siculum). Based on nest structure, R. septemdentatum
combines the characters of the nesting biology of R. siculum and R. sticticum, but
the main difference is in the presence of partitions or septa between the brood cells
or between the empty cell at the closing plug and the first brood cell. Based on mor-
phological traits (Kasparek 2019) and nest structure, R. septemdentatum appears to be
closer to R. infuscatum than to R. siculum and R. sticticum. According to Litman et al.
(2016), the genus Rhodanthidium belongs to the Dianthidium Cockerell clade, which
includes genera that use resin to build their nests, whereas Afranthidium, the other
genus nesting in snail shells, belongs to the Anthidium Fabricius clade, indicating that
this behavioural trait evolved at least twice independently in tribe Anthidiini.

The majority of bees nesting in snail shells belong to the tribe Osmiini. In contrast
to Rhodanthidium, most of these species use masticated plant leaves or mud to build
their nest, but species of the genus Protosmia use resin (Miiller et al. 2018). Many snail-
nesting Osmiini have been reported to move their nest shells, and some are known to
camouflage them with plant matter or cover them with pine needles or small twigs
(e.g., Osmia bicolor and O. rufohirta Latreille; Bellman 1981; Vereecken and Le Goff
2012; Miiller 2021). This behaviour has not been observed in Rhodanthidium, and
the only species known to bury the shell nest is R. siculum (Erbar and Leins 2017). In
contrast to R. sticticum and R. siculum, all snail-nesting bees of the tribe Osmiini build
partitions between brood cells. Most species nesting in empty shells occur and nest in
spring and overwinter as adults (Bellmann et al. 1981; Miiller et al. 2018; our study).
In Central Europe, only Osmia spinulosa (Kirby) nesting later in summer overwinters

in prepupal stage (see Miiller 1994).

Conclusions

We describe differences in the nesting biology of four closely related species belonging
to the same subgenus Rhodanthidium (genus Rhodanthidium). In general, the nesting
biology of all four species is quite similar. All species select shells of larger gastropod
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species, collect pollen from multiple plant species, and use resin usually mixed with
small soil or shell partitions for making closing plugs and partitions inside the nest.
The main differences are in making a partition between the intercalary cell and first
brood cell-nests of yellow-coloured species R. infuscatum and R. septemdentatum in-
clude partitions, while nests of orange-coloured species R. siculum and R. sticticum do
not. Only R. siculum buries shells with nests in the ground (Erbar and Leins 2017),
while R. septemdentatum and R. sticticum use hidden shells under stones or in stone
walls for their nesting. All species are polylectic but individuals of R. sticticum show
preferences. Using resin in nest supports the position of the genus Rhodanthidium
in the Dianthidium clade as indicated Litman et al. (2016). Additional studies are
needed, especially for the species R. infuscatum, which is the rarest of the four species
studied (Kasparek 2019). R. sticticum and R. septemdentatum are common species that
form large local populations in southern Europe (Torné-Noguera et al. 2014; Romero
et al. 2020) and the latter occurs in steppe habitats of conservation interest in central
Europe (Bogusch et al. 2019, 2020).
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Appendix |. Description of sites surveyed

CzecnH ReruBLIC

Prokopské and Radotinské tdoli Nature Reserves in Prague. This area is occupied
by hilly steppic grasslands on limestone subsoil, many snail species occur there and a
larger amount of empty snail shells is available on the ground surface.

SLOVAKIA

Devinska Kobyla. The site is near the capital Bratislava, on a south-west slope of the
hill. This area is occupied by hilly steppic grasslands on limestone subsoil, many
snail species occur there and a larger amount of empty snail shells is available on
the ground surface.

SrAIN

Lleida. The various sites in Lleida (Juneda, Castelldans, Alamus, Aspa, Arbeca) were
located in areas occupied by orchards and patches of Mediterranean scrubland
vegetation (see Bogusch et al. 2020). Most nests were found in patches of natural
habitat surrounding almond orchards. Nests were found within stone-walls and
under stones on the ground.

Girona. The two sites in Girona (Cap Ras and Castell de Quermangé) are rocky areas
covered by sparse Mediterranean scrubland. The Rhodanthidium nests were found
within a collapsed stone wall, under the dry basal leaves of Agave plants and under
a stone at the base of a bush.

Barcelona. The Garraf Natural Park comprises 123 km? of garrigue-type Mediterra-
nean scrubland dominated by Quercus coccifera, Rosmarinus officinalis and Thy-
mus vulgaris with sparse urban housing and long-time abandoned fields delimited
by dry-stone walls.

The Odena and Sta. Margarida de Montbui sites are located in rural areas of extensive
agriculture with wheat fields, old almond orchards and olive groves. All nests were
found in field margins and along dirt roads.

ItaLy
Sicily. The two sites in Sicily where the R. siculum nests were found on a sandy habitat
near the sea near Lido di Noto.
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Supplementary material |

Table S1. List of the localities, where nests of Rbhodanthidium were studied

Authors: Lucie Hostinskd, Jordi Bosch, Pier Luigi Scaramozzino, Petr Bogusch

Data type: table of localities (excel table)

Explanation note: This table contains all information to the localities of our studies.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/jhr.85.66544.suppl1

Supplementary material 2

Table S2. List of all studied nests

Authors: Lucie Hostinskd, Jordi Bosch, Pier Luigi Scaramozzino, Petr Bogusch

Data type: shells studied (excel table)

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/jhr.85.66544.suppl2

Supplementary material 3

Table S3. Pollen contents of nests

Authors: Petr Kunes, Petr Bogusch

Data type: pollen contents (excel table)

Explanation note: Pollen contents of nests of Rhodanthidium septemdentatum (yellow),
R. siculum (blue) and R. sticticum (green). Pollen types with 50% and more in one
nest are marked in red, those with 10% and more in one nest are marked orange.

Copyright notice: This dataset is made available under the Open Database License
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License
(ODDBL) is a license agreement intended to allow users to freely share, modify, and
use this Dataset while maintaining this same freedom for others, provided that the
original source and author(s) are credited.

Link: https://doi.org/10.3897/jhr.85.66544.suppl3
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