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Abstract

Bees are important pollinators in natural and agricultural ecosystems.Yet, increasing
anthropogenic pressuresthreaten their populations. Following this decline, rumerous projects
particularly in Europe, have been launchedo understand anddocument these threats to which
bees are exposedAs part of theseprojects, this MA O O A O 8 &ims,dnEhk r$ @ace to reassess
the status of European osmiine bees (Megachilidagjbe Osmiini) and update the firstEuropean
IUCN Red List obees To conductthis re-assessmentdata regarding theirecology and geographic
distribution were gatheredusing literature data a well as private and public databasesThe
results highlighted a lesser uncertaintyregarding the extinction risks of species compared to the
first European Red List of bees dgss than 8% of specietack enough scientific information tobe
assessedData Deficient species)compared to theprevious 47%. This enabled us tademonstrate
that the European osmiine bee speciedo not seem to beunder significant threats, with over 73%
of speciesbeing classified asLeast Concern We further gatheredother traits related to the
morphology (body size & hairiness) ecolog (floral specialisation, nesting area, material, method
& position) and geographicdistribution (Extent Of Occurrence (EOO), Area Of Occupancy (AOO),
Species Continentality Index (SCI) & Species Temperature Index (STdj)the species taanalyse
their links to the status of conservationpreviously assignedIt has been found that only two traits,
the EOO and STIlhad asignificant relationship with the IUCN Red List categaes, with lower
values ofboth traits being linked to a higher extinction risk. Finally, we used an ecological niche
modelling approach to investigatethe ecological suitability ofthis group based on environmental
data and occurrence records of osmiine species acrossEurope. This demonstrates that the
Mediterranean and Mountainous areaof Western Europe have highly suitable environmental
conditions for European osmiinespecies. Consequentlygeffective conservation measures should
be concentrated towards these areadlNe further discuss the specific drivers occurring in these

ecosystemsand provide suggestionsfor future research with perspectives basedn our findings.

Keyword s: Pollinators, Red list, Decline, ConservationENM, trait, IUCN Osmiini, Chelostoma

Haetosmig Heriades Hofferia, Hoplitis, Osmig Protosmia Stenoheriades






Résume en francais

Les abeilles sont des pollinisateurs importants dans les écosystémes naturels et agricoles.
Pourtant, des pressions anthropiques croissantes menacent lesjpopulations. Suite a ce déclin,
de nombreux projets, notamment en Europe, ont été lancés pour comprendre et documenter ces
menaces auxquelles les abeilles sont exposé&mans le cadre de ces projets, ce mémoire vise, en
premier lieu, a réévaluer le statut desOsmiini européennes Megachilidae,tribu Osmiini) et a
mettre & jour la premiére liste rouge européenne des abeille§ A 1 8P5uUr mhener a bien cette
réévaluation, des données concernant leur écologie et leur distribution géographique ont été
rassemblées en utisant des données bibliographiques ainsi que des bases de données privées et
publiques. Les résultatsmettent en évidence une incertitude moindre concernant les risques
d'extinction des espéces par rapport a la premiére liste rouge européenne des abeilles, puisque
moins de 8 % des espéces ne disposent pas d'informations scientifiques suffisantes pour étre
évaluées (espéces a données insuffisantes), par rapport aux 47 % précéder@ela nous a permis
de démontrer que les espéces d'abeilles osmies européermre semblent pas menacées de
maniere significative, plus de 73 % des espéces étant classées dans la catégorie "préoccupation
mineure". Nous avons également rassemblé d'autres traits liés a la morphologie (taille du corps
et pilosité), a I'écologie (spécialisatiorflorale, zone de nidification, matériel, méthode et position)
et & la distribution géographique { A UT T Aende@O®) /A £dAk d'occupation (AOO),irflice
de continentalité spécifique (SCI) etlirflice de température spécifique (STI)) des espéces afin
d'analyser leurs liensavec I'état de conservation précédemmendssigné.Seuls deux traits,1 & %/ /
et le STl ont une relation significative avec les catégories de laste rouge de I'UICN, les valeurs
les plus faibles de ces deux traits étant liées a un risque d'extinction plus élevé. Enfin, nous avons
utilisé une approche de modélisation de niche écologique pour étudier I'adéquation écologique de
ce groupe sur la basale données environnementales et delonnéesd'occurrences d'espéeces
A 8 mii@i a travers I'Europe. Celalémontre que les régions méditerranéennes et montagneuses
d'Europe occidentale présentent des conditions environnementales trés appropriées pour les
espéces européenned 8 / O [ AaEcbnBéquent, des mesures de conservation efficaces devraient
étre concentrées sur ces zones. Nous discutons phlus des facteurs spécifiquesde déclin qui
interviennent dans ces écosystémes et proposons des suggestions pour les recherches futures,

avec des perspectives basées sur nos résultats.

Mots-clés : Pollinisateurs, Liste rouge Déclin, Conservation, ENM, trait, UICN Osmiini,

ChelostomaHaetosmiaHeriades Hofferia, Hoplitis, Osmia, ProtosmigStenoheriades
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. Introduction

1. Bees: diversity, ecology and importance

Evolving from agroup of predatory wasps, lees(Hymenoptera: Anthophila) appeared during
the Cretaceous period £ 125 ma), & the sametime as the flowering plants (Angiosperms)
(Almeida et al., 2023; Sann et al., 2018Jhis synchronicity allowed the two clades toco-evolve,
leading to their respective radiation (Peris & Condamine, 2024; R. S. Peters et al.,, 2017)
Nowadays, lees are distributed all over the globe(except Antarctica) (Michener, 2007) and
include over 20,000 described speciesclassified within seven families (i.e., Andrenidae, Apidae,
Colletidae, Halictidae, Melittidae, Megachilidae and Stenotritidag)Ascher & Pickering, 2020;
Michez et al., 2019)

All of these beeggo through several stages during their life cycldJpon egg hatching/several
days after the egg was ), the larvafeedson nectar and pollenbeforehand provisioned by the
mother (Fig. 1A) or is taken care of by workers or a queenin the case of social beegMichener,
2007). The larvagrows into different larval stagesbefore overwintering during the bad season
(diapause) as a prepupae (the last larval stage), sometimesin a spun protective silk cocoon In
some cases (e.gmany Megachilidae) the individuals complete their whole development cycle
before unfavourable conditionsand therefore spend the bad seasoas anadult (Fig. 1B)(Antoine
& Forrest, 2021; Sedivy & Dorn, 2014)After the diapause the prepupae resume their
developmentinto a pupa(the stage between the larva andhe adult) and finally emergefrom the
nestasafully developed adult during spring or summer(Fig. 1C) The speciesvhosedevelopment
was achieved before overwintering will emerge asan adult as soon as the environmental
conditions are favourable (Danforth et al., 2019; Michener, 2007)The males generally emerge
several days before the females (protandry) antty mating with the femalesimmediately as they
come out of the nes{Fig. 1D) (Willmer & Stone, 2004) After mating, femalef solitary species
re-use orbuild a nest provision it and lay eggsvhich will later hatch and develop into larvagFig.
1E-F) (Danforth, 2007; Michez et al., 2019) Regarding social species, only one female individual
(the queen) lays eggs while other smaller and sterile individuals (the workers)supply the nest
and take care of the larvae until the queen eventually dies and future potentigleensreplaceit
(Danforth, 2007; Radchenko & Pesenko, 1994 owever, some speciedo not construct nestsnor
provision them but rather lay eggs within existing nests of other bees and will benefit from the

provisions of their host (brood parasitic speciesYEngel et al., 2020; Litman, 2019)



Fall-Winter ,

Spring

Figure 1. Example of the life cycle of a solitary bee nesting in preexisting cavities . A) Hatching of the
larva which feeds on the provision during the summ®). Overwintering, either as a prepupae or an adult,
during the unfavourable season.C) Emergencefrom the nest during favourable conditionsin spring or
summer D) Mating between the male (top) and female (bottom) Nest constructionwithin a preexisting
cavity with materials to construct or provision the nesE) The cavity is divided into several brood cells which
are successively filled with pollen and nectar provisions, on top of which an egg is laid, before being sealed with
diverse materialsModified fromScott(2007).

During their entire life cycle,all beestherefore exclusivey rely on plants, at leastfor nutrition .
Whether at the larval or adult stage,most bees depend on pollen and nectafor protein and
carbohydrate intakes, respectively (Danforth et al., 2019; Michener, 2007)Through this intimate
relationship, bees indirectly contribute to the sexualreproduction of many flowering plants by
foraging on flowers and facilitating pollination, i.e, the transfer of pollen grainsfrom the male
reproductive parts (stamen) to the female reproductive parts (pistil) of the flower (Ollerton,
2021). Pollination plays a key role in natural and agricultural ecosystems a®ughly 90% of wild
flowering plants (Ollerton et al., 2011)and ~70% of major world -cultivated crops (Klein et al.,
2007) rely on animal vectors for their reproduction, with bees as principalpollinators (Khalifa et
al.,, 2021; Winfree et al., 2011)Economically speakingthe ecosystemic serviceof insect crop
pollination was estimated to exceedO150 billion per year worldwide (Gallai et al, 2009).
Moreover, wild bees promote diverse wild plant communities making them keystone species for

maintaining biodiversity and higher levels in the food wel(Lundgren et al., 2015; Senapathi et al.,
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2015). Besidesthese ecological and agricultural servicesyild bee diversity is also part of the
human cultural heritage (Matias et al., 2017) a cultural serviceinherently linked with human
health and wellbeing(Clark et al., 2014)

Despite the unambiguous ecological importance of be@s natural and agricultural ecosystems
anthropogenic pressures increasingly affect their diversity and abundancethrough habitat loss
and fragmentation, climate change, pollutionand the introduction of alien (Bowler et al., 2020;
Jaureguiberry et al., 2022) This induces a biotic loss that is reported globally in several groups
(e.g., in birds(Rigal et al., 2023) amphibians(Luedtke et al., 2023)and corals (Eddy et al., 2021)
and that is evenregarded as thesixth massextinction by some authors(Barnosky et al., 2011,
Cowie et al., 2022; Dirzo et al., 2014)

2. Wild bee decline

Insects, includingwild pollinators , are no exceptionto the decreasein biodiversity (Hallmann et
al., 2020; IPBES, 2016; Wagner, 2020)heir decline has been widely acknowledggwith reports
of decreasing bee diversity and abundancéBartomeus et al., 2013; Biesmeijer et al., 2006;
Ghisbain et al., 2024; Koh et al., 2016; Potts et al., 2010; Zattara & Aizen, 20Pii¢ decline of bees
is the consequencef several synergeticand mainly anthropogenicfactors, namely, (i) habitat loss
and fragmentation, (ii) climate change(iii) agrochemical products(iv) invasive alien species and

(v) non-native pathogens(Danforth et al., 2019; Goulson et al., 2015; Michez et al., 2019)

0] Land use changesprimarily through agricultural intensification but also increased
wildfire and urbanisation, considerably impact bee communities andre believed to be
the leading drivers of bee decline(Brown & Paxton, 2009; Danforth et al., 2019)Land
use changesinvolve habitat loss, degradation and fragmentation of (semi-)natural
habitats, which reduce the availability of floral resourcesand nesting sites (Goulson et
al., 2015; Kline & Joshi, 2020)For instance, changes inagricultural management
practices in Europe have considerably reshaped agricultural landscapes drastically
reducing the abundanceof legume crops thatonce supported diverse communiies of
bumblebees (Rasmont et al., 2021) Concomitant phenomena are occurring in cities,
where impervious surfaces are increasing, reducing habitat suitability and nesting sites
and therefore the diversity and abundance of bees, particularly those nesting in the
ground (Pereira et al., 2021)

(i) Gobal warming impacts bee populations by inducing phenological changes and range
shifts (Settele et al., 2016)Phenological shifts caread to temporal mismatclesbetween

bloom time andthe emergence ofpollinators, reducing food availability and therefore
3



(iii)

(iv)

v)

reduced fitness (Hegland et al., 2009; Schenk et al., 2018Range shifts,often
characterised by losses invarmer southern areas paired with a lack of gains in northern
regions (Kerr et al., 2015; Settele et al., 2016)induce spatial mismatch and make
populations more vulnerable to decline and extinctionVanbergen & Initiative, 2013)
Moreover, extreme climatic events such as droughts, floods and heat waves are also
likely to increase in frequency and intensity with climate chang@PCC, 2023)impacting
the reproduction (Martinet, Zambra, et al., 2021; Sales et al., 2018mmune system
(Tobin et al., 2024) foraging behaviour and developmenbf bees(Gérard et al., 2022)
While most studies about bee decline havdocused on bumblebees(see reasons in
Ghisbain, 2021) a coldadapted genus most likely to be more sensitive to this threat
(Rasmont et al., 2015)some species of wild beewith simil ar traits could follow similar
patterns (Bartomeus et al., 2013)
Agrochemical products (including insecticides, herbicides and fungicides among
others) can behighly toxic compoundsaffecting the physiology and health obees, both
at the individual and community levelsand at everylife stage(CalatayudVernich et al.,
2019; R. M. Johnson, 2015Fxposure toinsecticidescancause lethaleffects(Tosi et al.,
2021), and sublethal effectsby impacting food intake andbee activity (Azpiazu et al.,
2019), larval development and mortality (Tomé et al., 2020; Wade et al., 2019nd
colony growth (Crall et al., 2018)and by reducing the lifespan of individuals (Wu et al.,
2023). Moreover, pesticidescan decreae wild bee diversity directly or indirectly
through the application of herbicides that reduces floral resources (Gabriel &
Tscharntke, 2007; Woodcock et al., 2016)
Invasive alien species are on-native species thatare introduced intentionally or not and
that rapidly expandtheir range from their areaof introductionj 0 UHAE A Orhekl 8 h
threaten ecosystemshrough predation and competition for nesting sites,resourcesand
habitat with native species(Russo et al., 2021)For example following the introduction
and the expansiorof Osmia cornifronsaand O.taurusin America, six nativeOsmiaspecies
have seen their population declinesignificantly (~10% to 15% mean annual decline)
due to niche overlappingand competition with the exotic speciegLeCroy et al., 2020)
Introduced speciescan also alterplant-pollinator interactions by disturbing native plant
communities, which may reduce both bee abundance and diversity, especially the
populations of specialistones feeding ononly one plant species (i.e., monolectic) or one
genus/family of plant (i.e., oligolectic) (Dotterl & Vereecken, 2010; Stout & Morales,
2009; Vanbergen et al., 2017)
Bees suffer from a widearray of pathogers, including fungi, bacteria, protozoans and
viruses (Potts et al., 2016) Although pathogensnaturally occur in populations, human
4



activities canincrease their transmission between specieand lead to theemergenc of
new diseasesfor naive populations (McMahon et al., 2018; Theodorou et al., 2016)
Recent reports highlight severalpathogen spillovers (i.e., transmission of a pathogen
acrossand within species Borremans et al., 2019from managed pollinators towild bee
populations (Fleites-Ayil et al., 2023; Nanetti et al., 2021; Ravoet et al., 2014)is for
example the case of the deformed wig virus causing misshapenwings, neurological
disorders and mortality or the sacbrood viruscausinga high larval mortality rate, two
honey bee pathogers that have spread to bumblebees and solitarybees (First et al.,
2014; Goulson & Hughes, 2015; Manley et al., 2015; Wei et al., 2022)eseintroduced
diseasestherefore represent a globalthreat to the pollinator communities (Brettell et
al., 2021; Cameron et al., 2011)

All of the aforementioneddrivers can interact with each otherconcurrently or not, exacerbating
the effect of oneor severalfactors that previously weakened the population The decline of wild
bees is therefore not solely due toone particular threat but is rather a multi-faceted problem
(Meeus et al., 2018; Yang et al., 20215or instance,pesticides and heat stresscan impair the
performance of theimmune systemrendering bees more susceptible to pathogen&rassl et al.,
2018; L. Straub et al., 2022; Zhao et al., 202Nutritional stressesinduced by habitat loss caralso
further impact these weakened bees by increasing the mortality rate following an infection

(Brown et al., 2000)or following exposure to pesticidegKnauer et al., 2022)

The responsesof beesto the different anthropogenic drivers are not uniform and arelikely to
vary between species due to differences in lifgistory traits (Cariveau & Winfree, 2015; Winfree,
2010). For example, the nesting biology, flight period, diet and sociality can modify the route of
exposure and therefore the impacts of pesticidef_undin et al., 2015; Raine & RundI&f, 2024)
Body size can alsanfluence the extent of the impact with smaller bee speciedbeing likely more
resilient to increasing temperature(Pardee et al., 2022Wwhile bigger ones may be morefavoured
in the context ofhabitat fragmentation due to a greater dispersal abilityWarzecha et al., 2016)
Moreover, the loss of floralresources either via habitat loss olinvasive alien plantshasmitigated
impacts depending onthe diet of the species, with generalist ongbeing able to ©ompensate with
a broader range of host plantgi.e., polykctic) (Dotterl & Vereecken, 2010; Kline & Joshi, 2020)



3. European initiatives for bee conservation

Theanthropogenicactions haveimportant consequences on biodiversity, notably on pollinators.
At the European scaleseveral project aiming to stop and reversebiodiversity decline have been
launchedwithin the framework of the EU pollinator initiative (European Commission, 2021)In
this context, the STEP projectz Status and Trends of European PollinatoréPotts et al., 2015)-
documented the magnitude of the pollinators decline, notably by developing the first European
Red List of beegNieto et al., 2014) The RedList is aworldwide conservationand policy-making
tool developed by te International Union for Conservation of Nature (IUCN)It can be used
regionally or globally to classify andasses the extinction risk of speciesbased onpopulation
trends and geographic distribution (IUCN, 2012a, 2012b)In the last European Red List of bees,
Nieto and colleagues 2014) highlighted that around 9% of bee species were threatenedut this
result might be an underestimation aghe extinction risk of ~ 56% of specieswas not evaluated
due to alack of scientific information (i.e., DataDeficienth ~ Ospéciég (Fig. 2A). This results in
high uncertainty asthe number of threatened species coultherefore vary between~4% (none
are threatened)and ~60% (all DD species are threatened)According to the authors,along with
reports from other taxa, it is likely that more species wouldbe assessedh athreatened category
with more data availability (Caetano et al., 2022; Howard & Bickford, 2014; Nieto et al., 2014p
compensatefor this lack of dataand complementother knowledge gays pointed out by a recent
report (Potts et al., 2020) several European initiatives were developeduch asORBIT, Safeguard
and PULSE, in which this MAOOAOGS O i<O E AribEdded  ORBIT

(https://orbitproject.wordpress.com/about -the-project/) aims to develop resources for

European beeinventory and taxonomy. Safeguard (https://www.safeguard.biozentrum.uni -

wuerzburg.de/) aims tohalt the decline ofwild pollinators in Europe by investigating the factors

driving their decline and their associated traits. Finally, the PULSE project

(https://www.iucnredlist.org/ ) aims todevelop and updatethe European IUCN Red List of Bees
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Figure 2. The status of all European bees(A) and European osmiine bees (B). LC: Least Concern; NT:
Near Threatened; VU: Vulnerable; EN: Endangered; CR: Critically Endangered; DD: Data DeReigigved
and based orNieto et al.(2014).

4. Osmiine bees

Among the speciesacking the mostinformation in the first Red List of European beg4.26 (108
DD and 18 unassssedspecies)were osmiine bees(Fig. 2B) (Nieto et al., 2014) This represents
51% of their current European diversity. Osmiine bees(tribe Osmiini Newman, 1839 (Fig. 3),
commonly named the mason beegre amonophyletic group of solitary and non-brood parasitic
(with a few exceptions)bees within the Megachilidae familythat includes over 1,100 speciesand
15 generaworldwide (Ascher & Pickering, 2020; Ungricht et al., 2008)They are presenton
virtually every continent except in Antarctica, Australia and South America (one exception, see
Gonzalez & Griswold, 2011)and are especially diverse in xeric and Mediterranean climates
(Mdiller, 2024; Praz et al., 2008)in Europe,the most recent checklist reported246 osmiine species
classifiedin eight genera Chelostomd_atreille, 1809 (Fig. 3A), HaetosmiaPopov, 1952 (Fig. 3B),
HeriadesSpinola, 1808(Fig. 3C)Hofferia4 E A ] 1984, Hoplitis Klug, 1807(Fig. 3D),OsmiaPanzer,
1806 (Fig. 3E), ProtosmiaDucke, 1900(Fig. 3F)and Stenoheriadegt E A1 A ij (GhigbaiwRosa
et al., 2023)



Figure 3. lllustrations of the diversity of European osmiine bees . A) Chelostoma rapunculicollecting
pollen on Campanula sp. (Campanulaceae)j ) UBDOAIT A8 O .'BA Baktdshmia cirqumyegtadon
Heliotropium sp. (Boraginaceae) (Gotlieb et al., 2014)C) Heriades truncorum collecting pollen on an
Asteraceae flower (Blink, n.d.) D) Hoplitis villosa cutting a petal of Epilobium sp. (Onagraceag
(terraincognita96, 2013) E) Osmia cornutaholding mudto close its nestP. Straub, 2009)F) Protosmia
asensioion Sedum sp. (CrassulaceaejWood, 2022)

These bees can beecognised by the presence of a ventral scopa on the female abdomen (which
is characteristic of the Megachilidae family), longongued, the presence of an arolium between

the simple claws of females, a long pterostigma (longer than widend two cubital cells(Engel,
2001; Michener, 2007; Michez et al., 2019Fig. 4).

Figure 4. Morphological characteristics of osmiin e bees.A) Hoplitis onosmaevaeshowing the ventral
scopa(black arrow) and the Img-tongued(blue arrow) (modified fromAubert et al., 2024)B) Claws ofOsmia
sp.with the arolium (arrow) in between C)Wings ofOsmia spshowing the long pterostigma (black arrow)
and the two cubital cells (blue arrog). B) and C) modifiedrom Pauly(2015).

The taxonomic diversityof osmiine beesalsoreflects a vastlife-history trait diversity regarding
their nesting biology and flower preferences, encompassing almosall of the variation seen in
other bees(Fig. 5) (Cane et al., 2007; Praz et al., 200&)smiinebeesmost commonly nestwithin
preexisting cavities which typically include hollow stems (Fig. 5A&C), rock cavitiesor crevices
(Fig. 5G) old nestsor holesleft by other insects(Fig. 5D)and evenin dead snail shells(Fig. 5E)

(Gess & Gess, 2008; Westrich, 1989, 2019ther speciesbuild nests directly on rock surfaces
8



(Fig. 5H), walls or small branches underground (Fig. 5I), in stemsor bark by excavaing them
(Mdiller et al., 2019, 2020; Sedivy, Dorn, & Muller, 2013lost of these nests aralivided into linear
brood cells, eachfilled with pollen and nectar provisions on which a single egg is lai@Bosch et al.,
2008). The cell is then sealedvith diverse materialsand this processis repeated until the cavity
is filled and generally capped with a nest plugFig. 5B) (Danforth et al., 2019; Michener, 2007)
The partitioned materials vary considerablybetween speciesbut often include resin (Fig. 5B&C)
small rocks (Fig. 5E), plant tissues €.g.,petals, leaves,etc) (Fig. 5F&G)or mud (Fig. 5A), in
combinations or not (Cane et al., 2007; Miiller, 2024)Once the nest is completed, the larva
consumesthe reserves,completesits development before diapause(spent as an adult for most

species)and emergesonce environmental conditions are suitablgFig. 1).

Figure 5. Examples of the diversity of nesting behaviour among osmiine bees. A) Nest ofChelostoma
rapunculi with brood cell partitions made of mudMdiller, 2015b) B)Heriades truncorumincorporating resin
and pebblesnto the nest plug. C) Nest &f. truncorum within a bramble stem; each cei$ provisioned with
pollen and partitioned using clear resifMuller, 2024). D) Nest ofHoplitis robusta in a preexisting cavityin
dead wood(Mller & Richter, 2018) E) Nest oDsmia bicolorin a snail shel(Muller et al., 2018) F) Hoplitis
dalmatica cutting petals ofGeraniumsp.to (G) build its brood cells, also made of chewed leaves, in a stone
fissure(Muller, 2024). H) Osmia inermisbuilding free-standingbrood cells attached to a stone using chewed
leaves(Kunz, 2003) I) Nest ofHaetosmia vechtin an excavated burrowGotlieb et al., 2014)

Regarding flowerchoices many osmiine beespecies are oligolecti¢Amiet et al., 2004; Sedivy et
al., 2008; Westrich, 2019) In Central Europe,around 55% of speciesdepend on one plant

genus/family, most notably Asteracea, Fabaceae and BaginaceagMdller et al., 1997). Many of
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these specialistspecies have morphological adaptations to explojtollen from their host plants
(see below) (Gotlieb et al., 2014; Muller, 1996; Rightmyer et al., 2011However, other species
have much brader floral preferences making their floral preferences as diverse as their nesting
biology (Muller, 2022; Sedivy, Dorn, Widmer, et al., 2013)

4.1 Genus Chelostoma Latreille, 1809

Chelostomaspecies(Fig. 3A), also named the scissor beeare smallto medium-sized (~3.5 to
~9 mm, 14 mm for the biggest C. grandg), slender and blackosmiine beesand the sister group
of every other Osmiini (Fig. 6) (Michener, 2007; Praz et al., 2008)They also displaydistinctive
light stripes on their abdomen(Fig. 3A) (Michez et al., 2019)54 speciesare currently recognised
worldwide , with 45 speciesbeing in Eurasia North Africa and the temperate part of the Arabian
Peninsula (the Palearctic and only nine species native toNorth America (Michez et al., 2019;
Ungricht et al., 2008) The last IUCN Red List assessment reported 22 European species among
which 11 were assessedata Deficient (DD)and 11 LeastConcern (LC)(Nieto et al., 2014) Since
then, two more species were considered in the most recent European checklist, putting the total
number of European species to 2dGhisbain, Roseet al., 2023) Regarding their flight period,these
bees are mainly active during spring or summer and have one generation per year (i.e., univoltine
species)(Amiet et al., 2004; Grace, 2010)

Along with the majority of osmiine speciesscissor beemestwithin stemsand cavities made by
other insects They partition their nests using a mixture of nectar and mudout can also inegrate
small rocks or sand into thebrood cells or thenest plug(Fig. 5A) (Miller, 2024). A recent analysis
of their host-plant association revealed that mst species of this groupare oligolectic, the most
commonplants onwhich they foragebeing Campanulaceae, Hydrophyllaceae and Ranunculaceae
(Sedivy et al., 2008)In the Palearctic, mly one species C. stefaniunder the name ofC. siciliag is

currently known to be polylectic, feeding onboth Ranunculaceae and CistacedMiiller, 2012).

4.2 Genus Haetosmia Popov, 1952

The genusHaetosmia(Fig. 3B) contains only six robust, small (~5 to 7 mm) and thermophilic
speciesstrongly associatedwith desertic and semidesertic habitats of the Canary Islandsto
central Asig via northern Africa andthe Sahekegion (Michener, 2007; Miller, 2024) Two species
(H. circumventa and H. vechtivere assessed as DD hyieto et al.(2014). However, the European
record of H. vechtiis most probably erroneous andhe speciess therefore no longer regarded as

occurring in Europe byGhisbain Roseaet al. (2023).
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The species of this gems have awhite pilosity covering their body andthe females alsqresent,
on their forelegs,long bristles covering their tibia and enlargedtarsi (Michez et al., 2019; D. S.
Peters, 1974) Thesespecialised bristlesare likely usedto dig sandduring nestconstruction which
consist ofsmall chambersin which they build a small grouped pack ofvertical brood cells made
of sand,chewed leavegof Heliotropium and Centaureg and small rocks(Fig. 51) (Gotlieb et al.,
2014; Muller, 2024). Moreover, the females also exhibispoortlike hairs on their probosciswhich
serve toexploit the narrow and tubular flowers of Heliotropium (Boraginaceae)to which they are
exclusively associated at leastas pollen sources Other flowers are also possiblyexploited but
only for nectar purposes(Gotlieb et al., 2014; D. S. Peters, 1972he prolonged blooming periods
of Heliotropium (Evenari et al., 1982; FeinbrurDothan, 1978)allow Haetosmiaspecies to have at
least two generations per year(i.e., bivoltine) or more (i.e., multivoltine), which is relatively

uncommonamongosmiine bees(Miller & Griswold, 2017).

4.3 Genus Heriades Spinola, 1808

Heriades (Fig. 3C)is a relatively common genus of small bees (~4 to 7mm)with a broad
distribution , occurring on every continent except Oceania andntarctica (Gonzalez & Griswold,
2011; Michez et al., 2019)They are distinguishablefrom other generaby the presence ofa carina
on the first segment of theirmetasoma(Michez et al., 2019)It is the third most diverse group of
the tribe with around 140 described species worldwide (Ascher & Pickering, 2020) Six species
were assessed in the European Red List of bees, three were DD and three weréNi€to et al.,
2014). One speciesH. labiata) is now not considered as occurring in Europe, bringing the total to
five European speciegGhisbain, Rosaet al., 2023) These species are mainly univoltine bees that

are active during summer(Michener, 2007; Westrich, 2019)

Heriadesbeesare also named the resin bees as th@ycorporate resin, along withsandor small
rocks, in the nest plug and brood cellsn their nest constructedin hollow or bramble stemsand in
insect galleriesin old wood (Fig. 5B&C)(Muller, 2024; Rozen & Praz, 2016)The females of this
genusare generally closely associatedvith Asteraceae on whichhey extract the pollenwith their
ventral scopafrom the compound flower head(the capitula) by quickly raising and loweringtheir
abdomen(tapping behaviour) while licking nectar at the same timgAmiet et al., 2004; Portman
et al., 2019)

4.4 Genus HofferiaTk al ¢ T, 1984

Hofferiabeesare one ofthe least diversegeneraof Osmiini with only two describedspecies H.

mauritanica confined to northern Africa and H. schmiedeknehti in South-Eastern Europe and
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South-Western Asia(Muller & Trunz, 2014). Hofferiaschmiedeknechtithe only European species,
was assessed LC in the lag®ed ListassessmentNieto et al., 2014) They superficially resemble
Chelostomaspeciesas they have a black and elongated body but are relatively bigger (~8 to

10mm) and have a particularly long labrum (i.e.a cephalic piece covering the mouthpar{s

(Michener, 2007). These species are univoltine and active during summer (end of May to July)

(Michez et al., 2019)

The nesting biology is only known forH. schmiedeknechtivhose ness are in galleries dug by
other insects indead woodand in which a mixture of resinand pebblesare usedto build the nest
plug and the wall partitionsof the broodcelsj - i 11 AO QO 4001 Uh c¢mp1N
1984). Both speciesare oligolectic on Asteraceaeflowers, more specificallywithin the subfamily

Carduoideae .g., thistlecornflower) (Muller & Trunz, 2014).

4.5 Genus Hoplitis Klug, 1807

The genusHoplitis (Fig. 3D)is the mostdiverse clade within Osmiiniwith around 390 species
currently recognised globally, hence showing greagr morphological and biological variability
compared tothe speciespoor generaof Osmiini (Ascher & Pickering, 2020) These bee®ccur
worldwide (except in Oceania, South America andntarctica) and are especially diverse in the
Palearctic with more than 300described species(Mdiller, 2024; Ungricht et al., 2008)In Europe,
100 species are currentlyrecognised(Ghisbain Roseet al., 2023) among which 41 were assessed
as LC, 50 as DD and 9 wermt considered(Nieto et al., 2014) They generally range from 6 mm
to 16 mm, with body shapes largely variable amongpecies(robust, bulky, elongated or slim
body) and are distinguished from other generaby having long parapsidal lines (i.e., long lire
engravedat the margin of the dorsal par) (Michener, 2007). Moreover, they areunivoltine species
that mainly fly during summer (Michez et al., 2019)

The nesting biology of Hoplitis beesis diverse and reflects their taxonomic diversity. As most
other Osmiini, Hoplitis nest in preexisting cavities but with a greaer variety of substrates

including galleries in dead wood,unoccupied nests ofother bees or wasps snail shelk, plant

stems, rocks crevices or galls (Banaszak & Romasenko, 2001; Miuller, 2014, 2015c; Miller &

Mauss, 2016) They can alsdbuild brood cellsfreely on surfaces between rocks(Fig. 5G) within
vegetation or may excavate their burrows (e.g., in soil or stemsflvanov et al., 2023; Ivanov &
Fateryga, 2018; Sedivy, Dorn, & Miiller, 2013Moreover, few species amonghe non-European
subgenusBytinskia are brood parasites, meaning that they do not construct nor provision their
nests but lay eggs within nests of other bee@d.itman et al., 2013; Sedivy, Dorn, & Miiller, 2013)

These diverse nestingbehaviours comewith a diverseuseof nesting materials.Depending on the
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species plant materials (e.g. petals, leavespith) (Fig. 5F&G) earth, sand,mud or small rockscan
be used alone or in mixtureto build the cell walls and nest plugor the whole brood cells in the
case offree-standing nests (Banaszak & Romasenko, 2001; Miller, 2015a; Miller et al., 2017,
Westrich, 1989). Only the use of resin seems to be rare as it has only beswcumentedto be used
by the North American species,H. biscutellae(Rust, 1980). Flower preferencesare similarly
diverse and a whole spectrumof floral specialisation, except monolectycan be observed, from
polylectic species(e.g.H. robustgH. zanden) to oligolectic ones(e.g.H. maritima) (Miller, 2016;
Muller & Richter, 2018; Neff, 2009; Sedivy, Dorn, Widmer, et al., 2013everal specieshave
morphological adaptationsspecialisedin the uptake ofpollen from specific flowers.For example,
some species have bristles on the leds.g.H. flabelliferg or the proboscis(e.g.H. pic) similar to
the ones found inHaetosmiawhich are used to extract flowerresources of Boraginaceae(e.g.,
Anchusa Heliotropium) or Asparagaceade.g.,Muscar) (Muller, 2006; Sedivy, Dorn, Widmer, et
al., 2013; Warncke, 1991)Others (subgenus Micreriadeg have bristles on their face that are
curved at their tip which are used, in other taxa, to extract pollen from nototribic flowers, i.e.,
whose pollen is deposited on thealorsal part of the pollinators (e.g., LamiaceaejMdiller, 1996,
2024; Thorp, 2000). Other speciesexploit their pollen host using behavioural aspects such as buzz
pollination (shaking the flower to retrieve the pollen from anthers; e.g.H. onosmaevaeH.
holmboej) but this behaviour remains anexception(Aubert et al., 2024; Pritchard & VallejeMarin,
2020; Sedivy, Dorn, Widmer, et al., 2013)

4.6 Genus Osmia Panzer, 1806

Osmia(Fig. 3E) is the second mostspeciesrich genus of Osmiini with around 350 species
described worldwide, most of them distributedin the Northern Hemisphere (Michener, 2007,
Ungricht et al., 2008) Ghisbain Roseet al.(2023) reported 99 speciesin Europe, 96 were assessed
in the last Red List assessmentncluding 36 DD species 59 LC and one specie€), maritima EN
(Nieto et al., 2014) Osmiaspeciesare small tomedium-sized bees (6 to 16 mm)with hairy and
robust bodiesthat are generally black, sometimeswith a shiny metallic cuticle (Westrich, 2019).
They have short parapsidal lines and rounded axillagpaired tooth-like structures on both ends
of the dorsal part of the beg compared to other genergMichez et al., 2019)Unlike Hoplits which
are predominantly summerbees many Osmiaspecies are active earlierin spring (Michez et al.,
2019). Most of them are univoltine but somespecies(e.g.,O. caerulescengzanbe bivoltine in the
southern part of their distribution (Amiet et al., 2004; Vicens et al., 1993)

The nesting biologyof Osmiabeesis variable andincludes almost all the diversity seen in other
taxa.lt is largely similar to what is observed inHoplitis, with roughly the samenesting site and

material (with also only one North American species,O. nemoris using resin Rust & Clement
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(1972)), except that they more frequentlyuse preexisting cavities rather than excavatingnestsor
building free-standing ones (Banaszak & Romasenko, 2001; Cane et al., 2007; Muller, 2020, 2024;
Rozen et al., 2010)Other life-trait differences are thatsome species caexcavate wood for nesting
in the bark of the tree (O. uncinag, O. nigriventri3 (Muller et al., 2019, 2020)and that snail shell
nesting is more widespread(Fig. 5E) (Mller et al., 2018). Some species alsdisplay horn-like
extensionson their face (e.g.0. cornuta(Fig. 3E) O. bicornisQ. tricornig to smoothenthe mud
partition of their nest (Michez et al., 2019; Torchio, 1989)Regarding their flower preferencesall
kinds of ranges are also foundexcept monolecty), from polylectic (e.g.,0O. lischoffi,O.jason) to
oligolectic species (O. cerinthidis,O. apicata (Haider et al., 2014; Mduller, 2022) Similar
morphological adaptations described inother genera(i.e., specialised bristle on thgroboscis or
face) are also foundamongOsmiaspecies(Cane, 2014; Frank & Tepedino, 1982; Prosi et al., 2016;
Rightmyer et al., 2011)

Somespeciesof this genusare also used in agriculture as managegbollinators (e.g.,0. lignaria
and O. ribiflorisin North America, O. cornifronsin Asia andO. cornutain Europe) (Bosch et al.,
2008). These domesticated speciesan withstand unfavourable weather conditions(e.g.,low T°,
light rains, windy conditions) making them forage longer compared to honeybees(Vicens &
Bosch, 2000) These managed pollinatorsare also early emerging andpolylectic beeswith a high
floral congancy (i.e.,visiting the sametype of plants even with other available resourcesduring
one foraging trip) (Chittka et al., 1999; Cripps & Rust, 1989; Sedivy & Dorn, 2018)oreover, they
can be easilyand massivelyreared in artificial nests (Benedek, 2008; Torchio & Asensio, 1985)
These traitsmake them efficient and widely usedcrop pollinators, notably in early-blooming fruit
trees (e.g., apples, cherries, pearstc.) and berriescrops and in greenhousegBosch et al., 2008;
Bosch & Kemp, 2001)For example,O. cornifronsis usedin more than 70% of apple cropsin Japan
(Batra, 1998; Sekita, 2001)In Europe, O. cornuta and O. bicornisare not only used in orchard
crops but alsofor strawberries and Brassicaceaepollination where they can effectively enhance
fruit quality (in Fragaria x ananassa and seedyield (in Brassica rapd (Herrmann et al., 2019;
Krunic & Stanisavljevic, 2006; Ladurner et al., 2002)

4.7 Genus Protosmia Ducke, 1900

Protosmia(Fig. 3F)are small (~3.5to ~9 mm) and univoltine beesthat are phylogenetically
closeto Heriades Hofferia and StenoheriadegFig. 6) (Michez et al., 2019; Praz et al., 2008)ust
like Chelostomaspecies, theyhave a black cuticle withwhite strips on the side of theirabdomen
(Fig. 3F)but are relatively more robust(Michez et al., 2019)31 speciesare currently recognised
globally, almostall limited to the Palearctic region(only one speciesn North America and another

onein Asia) (Griswold, 2013; Le Goff & Gongalves, 2018; Ungricht et al., 20083 species occur
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in Europe (Ghisbain Rosaet al., 2023)and 12 were assessed byieto and colleagues 2014),

among which four were assessed LC araight DD.

Based orthe availableliterature information, theyall nest within pre-established cavitiesvhose
nature depends on the specie§Somenestin hollow stemsor unoccupiednestsin dead woodwhile
others (mostly in the subgenusProtosmig) nest in snail shellsstone crevicesor reuse oldnestsin
the ground of other beesor wasps(Griswold, 1985; Michener, 2007; Miller, 2017) They partition
and plug their nest using resin but some speciesan sometimes incorporate pebbles (e.g.,P.
rubifloris) (Chui et al., 2022; Griswold, 1986)All are polylectic specieswith some showinga
preference for Fabaceae and Lamiaced#®lichez et al., 2019; Muller, 2017)

4.8 Genus StenoheriadesTkal ¢c T, 1984

Stenoheriadess aspeciespoor genus of Osmiinj sister group to the genudofferia, containing
only 12 described species worldwide (Ascher & Pickering, 2020; Praz et al., 2008)They
superficially resemble Chelostomand Hofferiabut females have long hair®n their mandible and
part of their head (Michez et al., 2019) These small bees (~5 to 7 mm) arenainly distributed
around the Mediterraneanregion (including the Arabian peninsulg in the Palearctic but their
distribution can extend as far as SouthAfrica (including Madagascar)Michener, 2007; Ungricht
et al., 2008) There are currentlytwo recorded species in EuropgS.coelostomaand S.maroccang
(Ghisbain Roseet al., 2023)and only one S. coelostomainder the name ofS hofferi) was assessed
and classified as DD in th&uropean Red Listof bees(Nieto et al., 2014) These species are

univoltine and fly from May to Julyin Europe (Michez et al., 2019)

There is little information regarding the nesting biologyof Stenoheriaded®eesbut it appears that
they use insect nests indead wood as nestingites. Moreover, these speciedikely use resinto
partition their nest as they areclosely relatedto Heriades Hofferia and Protosmia (Fig. 6). All
speciesappear to be oligolectic bees specialised on Asteracedblichez et al., 2019; Muller &
Trunz, 2014).
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Figure 6. Simplified phylogeny of European Osmiini bees. Modified fromPraz et al. (2008).

16



.  Objective

ThsMAOOA OB O OE AatmiQhre® EurogeAnpinjedisdamely ORBIT, Safeguardand

Pulse ORBIT (https://orbitproject.wordpress.com/about -the-project/) is a taxonomic and

inventory project which develops resources andools for wild bees. The objective ofSafeguard

(https://www.safeguard.biozentrum.uni -wuerzburg.de/) is to slow down the decline of wild

pollinators. Finally, Pulse (https://www.iucnredlist.org/ ) aimsto update the European Red List

of Beesln this context, this dissertationanalysesthe current threat and statusof the osmiine bees
(Hymenoptera, Megachilidae, tribe Osmiinijacross Europe byexamining their ecology, spatial

distribution and extinction risk and the links between them.
The specific aims of MMA OOA 08 O: OEAOEO AOA
0] Re-assess the status and trendsf the osmiine beefauna of Europe(246 specieg

This first objective aims toreassesshe first European Red Listof 2014 by updating the current
state of knowledge of the biologygeographic rangeand threat of speciesThis will provide an up-
to-date and accurate viewof the extinction risks of speciesand will allow us to coordinate and
orientate action plans for pollinator conservation at the European levellt is expectedto have a
lower proportion of Data Deficient speciesand a higher proportion of Least Concern species

compared to the first European Red List of beadue to the thermophilic feature of these bees.
(i) Analyse life-history trait slinked to the status of conservation

This second objectiveaims to identify traits that can favour the resistance and resilience of
osmiine species to global change®y determining which traits are linked to the extinction risk,
we can help predict future assessmentsof Data Deficient and Not Evaluated speciesVe
hypothesise that species with lower EOO and AC#De more likely to be regarded as threatened

as well asspecies being oligolectic
(iir) Predict the species range under variougnvironmental variables

The third objective aims to model the ecological niche of osmiineacross Europe using
environmental variablesfor the present time. This will help understand therange oftheir suitable
habitat given local environment variables, and their diversity hotspot and thus, focus onthe
important area in terms of conservation Since Osmiini species in Europe have their highest
speciesrichness in Mediterranean countries, it ishypothesised that these areas represent highly
suitable habitats. It is also possible that other areas such as th#ountainous onesappear as
ecologically suitable aghey havea lot of complex and heterogeneous habitats arebme groups

of Osmiini arerestrictedin these ecosystems.
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1. Materials and methods

1. Geographical and taxonomic scope

The geographic scope ofhis reassessment ighe European mainland consideredin the first
IUCN Red List of beefig. 7). This coverscontinental Europe which extends from Icelandin the
west to the Europeanparts of Russia inthe east(delimited by the Urals). The European part of
Turkey (Thrace) as well asall the Atlantic and Mediterraneanislands are also considered while
the Caucasusegion is excluded(Nieto et al., 2014) The species assessed in this report are all the
beesin the Osmiini tribe occurring in Europe, following the latest European checklisof wild bees
which includes 246 species(Ghisbain, Rosaet al., 2023) This represents 17 more species than
considered inNieto et al.(2014).

European Assessment Boundaries
EU 27

Europe

InsetB -

N

Inset A . e SR T &

Coordmate system WGSES, Projection; Eurpe Albars Equal Area Canic
o The boundaries and names shown and the designations.
- o wsed on this map 0 notimply sy offcs endorse

0 500 1,000 ’ﬁ
nent
Bcceptance or opinion by IVGN

Kilometers

Figure 7. European boundaries used in the IUCN Red List assessmentAtlantic and Mediterranean
islandsas well as the European part of Turkey acensideredwhile the Caucasus is excludethe EU 2Tevel
is notregardedin this report (Nieto et al, 2014).

2. IUCN Red List Assessments

To assess the speciesye followed the protocol and methodology of the IUCN.Regionally,
speciescan beclassified into 11 categories §ig. 8) based onfive quantitatively set criteria based
on population (size, trends and structure) and geographical rang@pp. 1) (IUCN, 2012a)For the

19



osmiine assessment, only criteria B (geographic range) and D (very small or restricted population)
were used todefine a threat category as data used for other criteriavere lacking (i.e., population
trends). If aspeciesmet anyrequirements of these criteria(and at leastone or two supplementary
conditions when it comes to criteria C and B, respectivelyseeAppendix 1), it was classified into
one of the three threatened categories i.e, Vulnerable (VU), Endangered (EN), Critically
Endangered (CR)according to the conditions the species meelf several categoriesvere possible
dependingon one or other criteri on, the taxonwas classified in the highest threatened category
possible.A species thatdid not meet the conditions for any of thecriteria was classified asLeast
Concern (LCut, if it nearly qualified for it or will probably meet any ofthese criteriasoon, it was
classified asNear Threatened (NT) If a speciedacked enoughscientific information to properly
assessts extinction risk, itwasclassified asData Deficient OD). The Not Applicable(NA) category
only concernsregional assessment and in this caseiasapplied to vagrant speciesor thosehaving
their natural range outsideEurope (IUCN, 2012b) Thereasonsfor a category changdetween the
status of the first assessment and this work were also documented distinguish species changing
categories due toincreasing or new threats(genuine change)or due to better knowledge about

the species threat and ecology or taxonomic changes (n@enuine change).

®
A

Regionally Extinct (RE)

Extinction

Adequate data risk

Evaluated
Eligible for Regional —— Near Thresténed (N1)
All species Data Deficient (DD)
—>
Not Applicable (NA)
Not Evaluated (NE)

Figure 8. The IUCN Red List Categories at the regional scaleRetrieved fromNieto et al. (2014)
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The required data and informationthat are used toassess a speciegre listed below:

National and regionalassessments
Geographic Range

Countries of occurrence
Populationinformation and trends
Habitats andecology requirements
Species ge andtrade

Threats and conservation measures

=A =4 =4 =4 =4 -4 -4 -4

Key references

These data were compiled and collected using relevant literatureand expertderived data to
update the lastpieces ofinformation dating back tothe last assessment athe EuropeanRed List
of Bees(Nieto et al., 2014) These datawere centralised using the Species InformationService
(SIS) aplatform used bythe IUCNto house and managénformation and assessments of species

to publish it on the IUCN Red Listhttps://www.iucnredlist.org/assessment/sis ).

The geographical datawere also used tocreate a distribution map for each osmiine species.
These distribution dataare based onthe previously gathered data fromthe first European Red
List of bees (gathering more than 1,500,000 records) and were extended using published
literature, open sources databasesmuseum collectionsand databases from expert databases
taxonomists (App. 2).0Over 5300,000 occurrencerecords, and associated data if available (sex,
collection date and localities, collecting method, collector, and determinathrwere compiledinto
a single standardised databasé which more than 270,000 records of European Osmiini were
extracted. These dstributional data were corrected (e.g., removing invalid characters
standardising the coordinates format, correctng speciesnames etc) and georeferencedSeveral
batchesof maps were then created andisually curated by expertsto remove any doubtful points
or those falling outside the known range of the specigsbut also potentially add any missing
records until a consensusvas reached The validatedmaps (App. 3) were finally used tocalculate
the Extent Of Occurrence (EOO) and the Area Of Occupancy (AG¥D)g the @eddpackage(vl.6.1;
Cardoso, 2017) The EOO and AOO atwo quantitative metrics for the criteria B usedduring the
assessment othe species(Fig. 9). The EOOrepresents the area within the shortest imaginary
boundaries ®ntaining all known occurrences ofthe taxon (Fig. 9B). The AOOrepresents the
suitable areg within the EOOthat the taxon currently occupiesand is measuredusing the total
sum ofthe occupiedcells (2x2 km) (Fig. 9C) (IUCN, 2012a)
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An online workshop was finally held with national experts and IUCNmembersto review the
gathered dataand distribution maps to assighan IUCN Red List category for each osmiine species

occurring in Europe.
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Figure 9. Examples showing the difference between the Extent Of Occurrence(EOO)and the Area Of
Occupancy (AOO). A) Spatial distribution ofknown occurrencesf given specie®) The EOOwhich is the area
within the delimiting boundaries C) The A0, measured by the sum of theccupied cellggreyed cells)
Modified fromlUCN(2012b).

3. Trait measurements

Data regarding lifehistory trait s of species were gathered in the framework of the Safeguard
project and arebased on gprevious private databaseof traits compiled by Stuart Roberts of the
University of Reading This datdase was further completed by compiling literature data and
measurement onpinned specimensand extendedby adding new traits (Tab. 1) 11 traits related
to the morphology, ecology andpatial distribution of osmiine beespecieswere retained in this
work . Other traits were not retained as they did noshow enough \ariability amongOsmiini. It is
the case of sociality (alDsmiini aresolitary), buzz pollination (only one species being able to buzz
pollinate) andvoltinism (only two speciesare not univoltine) . All traits used, their description and

associated bibliography are listed inTable 1.

The morphological traits that were considered are the hairiness index, which is an important
trait modulating thermoregulation (Heinrich, 1993; May, 1979)and pollen collection(Stavert et
al., 2016; Thorp, 2000)and the Inter-Tegular Distanceg(ITD) (Tab.1), a proxy of the body siz¢hat
can be used to estimatehe foraging range (Greenleaf et al., 2007)Both traits were measured
using a digital microscope Keyence VHX970F; + 0.0001 mm) or a digital caliper (= 0.03 mm) for
the ITD.
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Thehairiness index of an individual is obtained by multiplying its hair length by its hair density
i 21 NOAOzZ" Al E. Thd? ferAdlespedmens ofradspecies were measured and their
hairiness indexwas averaged to get thedatafor the speciesTo obtain hair length, five hairs of the
dorsal part (mesoscutun) on eachspecimenwere measuredusing the integrated measurement
tool of the digital microscope.Hair density was measuredon the same aredy counting the hairs
or their insertion point on the cuticle within two representative areas of 001 mm2 (and then
brought to mm?2).In the case wherahe hair length or densitywasnot uniformly distributed across
the mesoscutum five more hairs or two more areas werge-measuredin these distinctive areas
Thehair length or densitywasthen averaged andveighted according to the surfacetaken by these
areasj 21 NOAOzZ" Al EReghi@ing/é I8 it i arpmxydf the body sizeand is measured
on a minimum of five specimenger species using the meandistance between the two tegulae,
i.e., the insertion poins of the wings (Cane, 1987) Only females were measured athey actively
gather pollen and therefore play a more important role in pollination compared to males
(Michener, 2007). Moreover, some ecologicatraits only concernfemales(i.e.,nesting biology and

floral specialisation).

Regarding ecological traits, data on floral specialisation (i.e., lecty) and nesting biology
(nesting area, position, material and method)Tab. 1) were compiled using published literature
or online material that is based onexpert opinion (mainly Miiller, 2024). These two traits are
widely usedin trait studiesas they carmodify the route of exposureand therefore the impactsof
pesticides andnon-native pathogens(Lundin et al., 2015; Raine & Rundl6f, 2024; Williams et al.,
2010). The lecty and the nesting biologgan also modulate theesponse of the specieto habitat

loss and fragmentation(Bennett & Lovell, 2019; Williams et al., 201Q)

Finally, the geographical traits include the AOQ, used asit represents the suitable habitats
occupied by the speciesthe EOOQ, representing the geographical range(see above)and the
Species Continentality Index (SCI) andthe Species Temperature Index (STI), two traits
representing the climatic niche of thespecies (Tab. 1). SCland STI arederived from the
occurrences and geographic distribution of given species, gathered in the framework of the-
assessment of the EuropeaRed List ofBees (seeooint two: IUCN Red List assessmentThese
distribution data were mapped either into 1 km x 1 km or 50 km x 50 kmUTM grid cells
dependingon the sampling effortof the area(high or low respectively) (Rasmont et al., 2015)The
climatic data (seasonalityfor SCland temperaturefor STI) from each cell where a speciesccurs
were extracted and then averagedto compute the SCI and STThese measurements were finally
weighted by the ratio of the number of occurrencesof the speciesto the number of bee
occurrencesinthecellf $ OAEAT T A AO Al 8h ¢memnn /88T 11T AII
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Table 1. Summary of life-history trait sused in this report . Traits marked with an astersk (*) were not
included in the originaldatabaseof the Univesity of Reading ad werecollectedduring this work. Other traits
(ITD, Lecty, Nesting) weralready compiled but were eithecompleted or validatedusing new measureer

literature sources

Trait Unit Categories Definitions References
uantitative measure of hair length 21 NOAOzZ"
Hairiness index * NA NA Q . . 9 4
and hair density al., 2020
Proxy of the body size, measured
Inter -Tegular . .
. mm NA using the mean distance between the Cane, 1987
Distance (ITD)
tegulae
Floral specialisationbased on the
range of pollen collection ofemale .
beeg']s P Cane & Sipes,
Oligolectic . . 2006; Dotterl &
Lecty NA . Oligolectic : collect pollen from one
Polylectic . Vereecken,
plant family/genus 2010
Polylectic : collect pollen from more
than one plant family
The areawhere the nest is
Snail shell constructed
Plant Plant: in stems, wood, gall
Nesting area NA Rock Rock: in walls, on surfaces or cracks  Protocol from
Soil of stones the Safeguard
Variable Soil: in the ground project
Variable : within several categories
The materials used to construct or
partition the nest
Plant: leaves, nectar, petals, resin,
Plant wood
Nesting material * NA Mineral Mineral : mud, pebbles, sand, earth Protocol f
9 Plant/mineral Plant/mineral : mixture of the two rotocotirom
. . the Safeguard
Variable categories .
. o . project
Variable : incorporate snail shells or
insects cuticle in at least one of the
aforementioned categories
Method of nest construction
Excavator : burrow its nest within a Williams et al.,
Excavator substrate 2010
. Mason Mason: build entirely its nests usin
Nesting method NA . y ¢
Renter loose materials Protocol from
Generalist Renter : construct its nests in a the Safeguard
preestablished cavity project
Generalist : use several methods
Above ground  Position of the nest Protocol from
Nesting position NA Underground  Variable is for species that can nest the Safeguard
Variable under and above ground project
Area Of The suitable area, within the EOO, tha
. IUCN, 2012a,
Occupancy Km?2 NA the taxonactually occupies 201%b
(AOCO)*
Extent Of Th r ithin th hor!
xtent O _ e. area Wltl' the .s.otest IUCN, 2012a,
Occurrence Km? NA imaginary boundaries containing all 2012b
(EOCO)* known occurrences of the taxon
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Temperature seasonality, i.e., the Duchenne etal.,

Species
.p . variability of temperature that occurs 2020;
Continentality NA NA . 5 o A
throughout a species range /6T 1TTA
Index (SCI)* .
Ignizio, 2012
Species The mean annual temperature to Devictor et al.,
P which a speciess exposedhroughout 2008;
Temperature °C NA . 2 oA
Index (ST * its range I 8$TTTA
Ignizio, 2012

4. Ecological niche modelling

4.1 Generalities and data acquisition

Ecological nichemodels (ENMs) are statistical tools used to predict speciesecological niches
across a given area based ohoth environmental and geographic data of a species(Elith &
Leathwick, 2009). In this report, the spatial extent of the modetis geographical Europe as defined
AU OEA )s5#. 2AA ,EOO0 j OAA bl ET OThp @virehinehial@adeA DEE A A
were retrieved from the Inter-Sectoral Impact Model Intercomparison Projecphase 3(ISIMIP3:

https://www.isimip.org/protocol/3/ ) and comprised climatic (i.e., temperature, precipitation

and relative humidity), land use(croplands, pastures, primary and secondary forest areas well
as primary and secondary nodorest areag and human population data at aspatial resolution of
0.5° (55.5 km)from 2000 to 2019.

Regarding he presence recordstheywere retrieved from the aforementioned projects These
data were previously checked byexpert taxonomiststo remove anyoutliers and doubtful records
falling either inside or outside the known range of speciedJsing thefunction clean_coordinates
of the package@oordinateCleaned(v.3.0.1; Zizka et al., 2019) we also excluded recordswhose
coordinates were equal tazero, assigned tocapital cities (within a radius of 10,000 m)and based
imprecisely on centroids of countries and provinces (within a radius of 1,000 m)to avoid the
spatial uncertainty of georeferenced recordsWe further retained specieshaving a minimum of
30 unique occurrences (as suggested byWisz et al.,, 2008)in the same grid size as the
environmental data, i.e.0.5° (55.5 km) This approach was implemented in similar recent studies
which removed duplicate recordsto limit the effect of sampling biasand also to take into
consideration the presence of the species rather than its densifferazo et al., 2024; Ghisbain et
al., 2024) While the temporal range of the occurrence dataxtendsfrom 1800 to 2023, only the
recordswith a collection date between 2000 and 2019 were retained to match the temporal range
of the environmental data Out of the 270,000 initial records, around 10,000 records from 66
species andour different genera (Chelostoma, Heriades, Hoplisd Osmig were retained (App.
4).
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4.2 Boosted regression trees

A BRTapproachusing the @ismo8package(v.1.3.14 Hijmans et al., 2023)was implemented to
computeall the ecologicaihiche modellinganalyses BRT isamachine learning methodthat builds
an assemblageof sequential regresson trees that are fitted iteratively by gradually focusing on
observations that arepoorly predicted by the current set of trees This enhances theprediction
probabilities of occurrence under a setof environmental conditions (Elith et al., 2008) This
predictive probability is regarded as an ecological suitability measure,ranging from zeroif the

environmental conditions are not suitable to oneif otherwise.

This approachwas implemented using both presences and pseuelbsence records The latter
represents the range of environmental conditions across the modelled region (background
environment; Guisan et al., 2017and wererandomly selectedthroughout the study area These
pseudo-absence points weresampled in gridcellswhere our target species has not been recorded
and where at least one otherspeciesoccurrence was recorded in the dataset By doing so, we
ensure to selecbackgrounddatain grid cells that have received at least some sampling effort for
our taxonomic group of interest(Phillips et al., 2009) The number of selected pseud@bsences
points was then equally weighted in accordance with the number opresencerecords (ratio 1:1)

i " AOAAOZ- AOOEDNly Ar@ préski fecorq pep grid] cell was retained as only one
occurrence is required toconsider the species preseh The sameprocesswas applied topseudo

absencedata.

Since spatial data are often autocorrelatedvhich could lead to model overfitting ,a spatialcross-
validation procedure was implemented based onthe block generation of the ®lockC\Bpackage
(v.3.1-4; Valavi et al., 2019) Following this method, the dataset containing the presence and
pseudo-absencedata was divided into five spatial folds treating geographical units sharing
analogous characteristicstogether. We trained models over similar parameters used imecent
studies (see Erazo et al., 2024; Ghisbain et al., 2024yhe BRT modelswere trained over ten
replicates, using a tree complexity of five, a learning rate of 0.00h step size of ten, an initial
number of trees of 100 and a tolerance parameter of 0.00The performance of themodelswas
evaluated using theArea Under the receiver operating characteristicQurve (AUC) a value of 0.5
corresponds to random predictive performances of the modelwhile a value of onecorresponds

to perfect accuracy
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5. Analytical framework

All analyses were performedusing the R software (v. 4.3.0;R Core Team, 2023)The DD or NA
species were removed from the analysis as their extinction risks are not definethe other status
were grouped into two categories: the L&ategory, containing all Least Concern specidhat are
TTO0 OEOAAOAT AA AT A Ag c@ndaking, aispedids beinkhikeatdred oONear O 2
Threatened (NT) in the future. The links between eachtrait and the status of European osmiine
bees were then assessedwith Generalised Linear Models (GLM) with a binomial probability
distribution using the @mmTMB3 package (v. 1.1.9 Brooks et al., 2017) These tests were
performed using a significarce levelof 5%. The packageDHARMa(v. 0.4.6; Hartig, 2022) was
used to run theresidual analysis and ensure that theapplication conditions were respected.

Graphicalrepresentations were realised using the @gplot28package (v:3.5.1;Wickham, 2016).
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V. Results

1. Status and threats of European osmiine bees

The reassessment of status among European osmiine baeports 3.2% of threatened species
(eight speciesof 246). Among these threatened species, 1.2% are Htiiree of 246 species) 2.0%
are VU(five of 246 species)and a further 3.3% of speciesare NT (eight of 246 species)(Fig. 10B).
These species represent thregenera of osmiine Chelostoma, Hoplitiand Osmig among the eight
generapresent in Europe and are llisted in Table 2.The only species assessed as ENNieto et
al. (2014), Osmia maritima is still assesseds EN in our results(Tab. 2). Other threatened and
Near Threatened osmiine species were either D11 species) LC(three species)or Not Evaluated
(one species)in the previous assessment andhave seen their status changed following better

knowledge of their distribution, ecology andthreats (non-genuine).

The reasonsfor the decline ofthe threatened species are speciedependent with some being
threatened by urban sprawl and tourism Hoplitis cypriaca, H. fulvaand Osmia maritimg, while
other, notably alpine Hoplitis saxialisrestricted to high mountains of the Alps, Greece and Rusyia
and Nordic (Osmia svenssonbccurring in the arctic part of Finland and Swedeh species, are
threatened by global warming and also overgrazing-or others (Hoplitis bicallosa, H. galichicae
and H. holmbogi the nature of the threats are not identified but were classified as endangered
due to their small and restricted populations prone to extinction in a short period due to stochastic
events.In addition to these endangered species, there are aldtear Threatened specieghat do
not currently fall under either of the IUCNhreatened species criteriabut may very well be in the
near future. These pecies are globally under the same threats as the endangered species, i.e.,
global warming and overgrazing for the alpine speciesQhelostoma grandgOsmia alticolaand O.
steinmanni three species restricted toalpine meadows found in thehigh altitudes of the Alps) or
habitat degradation (touristic development for Osmia ibericaand O.rutila, two species occurring
in sand dunes ofSouthern Iberia) and alteration (increased wildfire in the Canary Islands forO.

larochei, a species occurring in pine forestf Gran Canariafor more Mediterranean species

The proportion of DD speciecompared to thefirst assessmendecreased from 47.4%(109 of
229 species)to 7.3% (18 of 246 species) TheseDD species were either tagn with no occurrence
records to calculate their EOO and AOO taxon with poorly known distribution, ecology, habitats
and population trends. Most of the previously asgssedDD specieswere transferred into the LC
category, which increased from 52.294119 of 229 species)to 73.6% (181 of 246 species)(Fig.
10). With the exception of one speciesHoplitis fulva), none ofthe previously assessed L&pecies

changedcategoryin this reassessmentMoreover, 12.6% of specieq31 of 246 species)are now
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classified as NA as their distribution rangés marginal in Europe The detailed criteria and the

final IUCN Red List categories of all European osmiine bees are listed\ppendix 5.

EN VU
B NT 20 12%
3.3%

EN
/
NA
12.6%

Figure 10. Status of conservation of European osmiine bee in 2014 (A) and 2024 (B).LC: Least Concern;
NT: Near Threatened; VU: Vulnerable; EN: Endangered; CR: Critically Endangered; DD: Data Deficient; NA: Not
Applicable.Note that the total number ofspecies differs between both assessmef229in 2014,246in 2024
based on the updated checklist (Bhisbain, Rosa et al., 20293)

Table 2. Threatened and Near Threatened osmiine bee species at the European level Status of 2014
are also listed for comparisonNieto et al,2014). DD: Data Deficient; LC: Least ConceXT;: Near Threatened,;
VU: Vulnerable; EN: Endangere@ne speciesioplitis galichicae was not evaluated in the 2014 Red List as
the species was not yet described.

IUCN Red List Reassessment of the

Species IUCN Red List
pec Category of 2014 I
Category

Hoplitis fulva LC VU
Hoplitis galichicae Not considered VU
Hoplitis holmboei DD VU

Hoplitis saxialis DD VU
Osmia svenssoni DD VU
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Osmia iberica DD NT

Osmia larochei DD NT
Osmia melanura LC NT
Osmia rutila DD NT
Osmia steinmanni DD NT

2. Traits collection

The compilation and measuremenbf new traits in this work enabled us tocomplete the original
databaseof Stuart Robert (University of Reading, UK) (Tab. 3). The hairiness index is the trait that
has the most unmeasured species with around 65% of species missing datd59 out of 246
species) Other morphological (ITD) and ecological traits(nesting area, material, method and
position) are more or less completed with around 50 to 60% afpecieswith data. The traits having
the highestcoverageare the lecty and the geographical traits (EOO, AOO, SCI, STI) with dily8%
(29 out of 246 specie$ and 5% (12 out of 246 species)f species missing datarespectively.

Table 3. Summary and proportion of each trait in the two respective data bases. The original datébase
of Stuart Robert contained 29 species while the one in this work contains 246 species.proportion for the
hairiness index only contains speciesth more than 3 measured specimens per species while the proportion
for the ITD contains only species with five or more measures per spddiesnum and maximum values are
given in bracketsafter the median values

Data coverage

. . . Data coverage L Median
Trait in the original . Proportion in each category .
in this work (min-max)
database
Hairiness 114.67
index ! 35.4% ! (27.57395.32)
!nter -Tegular 10% 56.1% / 2.23 mm
Distance (ITD) (0.91 mmz 3.92 mm)
Oligolectic:50%
Lecty 53.5% 88.2% Polylectic: 38.2% /
NA:11.7%
Plant: 10.1%
Rock:9.34%
. Snail shell:9.75%
Nesting area 53.5% 55.3% Soil: 11.7% /
Variable: 14.2%
NA:44.7%
Mineral: 11.3%
Nesting Pla.nt: 19.5%
Material / 50% Plant/mineral: 16.2% /
Variable: 2.84%
NA:50%
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Excavator:12.6%
Generalist:5.69%

Nestin
methodg 53.5% 67.5% Mason:1.22% /
Renter:47.97%
NA:32.52%
Above ground:41.05%
Nesting Underground: 11.38%
53.5% 58.5%
position ° ° Variable:6.1% /
NA:41.46%
Extent Of 407702 kmz
Occurrence / 95.1% / (15 km2 7 10713049
(EOO) km?)
Area Of 112 km?2
/ 95.1% /
Occupancy (AOO) (4 km2 - 40064 km?)
Species
Continpc)ent:ality / 95.1% / 6.30°C
. (]
2.38°Cz11.31°
Index (SC) ( S 9
Species
Temerature / 95.1% / 14.04°C
. 0
-1.15°C-20.78 °
Index (STI) ( 9

3. Relationship between threat status and traits

Among all the tests performed, only two traits had a significant relationship with the IUCN Red
List categories: the EOO and the STI. flvalues and associated metrics of these tests are listed

in Appendix 6.

A significant difference was reported between the EOO values of threatenddéar Threatened
species (RL category) and notthreatened species (LC category), with the LC specissowing a
significantly broader EOO than the RL species (GLM,= 11.371, df = 1p-value < 0.001) Fig.11).

On the other hand, the AOO values were marginally significant with RL species having almost a
significantly lower AOO (GLM?2 = 3.3888, df = 1p-value = 0.06564).
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p <0.001
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Figure 11. Values of the Extent Of Occurrence (EOO)in threatened/ Near Threatened and non-
threatened species LC Least Concern; RLRed Listed(including Near Threatened, Vulnerable and
Endangered speciesThe pvalue of the GLM is reported on the top left.

Likewise, the STl values significantly differ between RL and LC species, the lattdraving a

significatively greater STI thanthe RL specieGLM,?72 =5.0671, df = 1,p-value = 0.02438) (Fig.
12).

p=0.02
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Figure 12. Values of the Species Temperature Index (STI)in threatened/ Near Threatened and non-
threatened species. LC Least Concern RL: Red Listed(including Near Threatened, Vulnerable and
Endangeredspecies)The pvalueof the GLM iseported on the top left
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4. Ecological niche modelling

The median prediction performance of our 66 models of European osmiine specissshown in
Figure 13. Under current environmental conditions, the models globally predict aouth-to-north
gradient characterised by decreasing ecological suitability. The area with the highest ecological
suitability mainly comprised the Mediterranean basin in southern Europe, extending from the
Iberian Peninsula (Portugal and Spain) to Greece (including Cretaend Aegeanislands). It also
includes Mediterranean islands such asthe Baleares,Corsica, Sicilia Sardiniaand Cyprus and
Atlantic ones such asMadera and the Canarylslands. Other suitable environmental conditions
are located in mountainous areas of western Europe such as the Alps, notably the French, Italian
and Swiss parts, the Jura and the eastern part of the MagSdéntral. Moderate suitable conditions
include some parts of inland Spain, especially in the north and also part of Eastern Europe,
including the Bdkans (excluding Greecavhich is more suitable), Ukraine and southern European
Russia. Northernmost areas are predicted to have low suitability environmental conditions,

especially in Scandinavian countries and northern European Russia.

Model performance, computed lp the AUC, ranged from 0.583Hoplitis anthocopoideyto 0.941
(Osmia dimidiatg. While some species were poorly modelled with AUC values barely above
random predictions, the overall accuracy relatively was high with a median AUC value of 0.794.
Mean AUC values, as well as the retained number of occurrences data for each speeies

reported in Appendix 4.
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Figure 13. Ecological suitability map for 66 osmiine speciesin Europe. Ecological suitability values are
given by the coloured bar gradient and are computed using the median value of model performance over ten
BRTmodelreplicates. This value was estimated for the present time (2@19) based on environmental data
obtained through ISIMIP3 and 9963 unique occurrence dé&ba 66 Europeanspecies of Osmiini.
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V. Discussion

1. Red List reassessment of European osmiine bees
1.1 Status and threats

The results of this sudy highlight a much lesser uncertainty regarding the threat status of
Europeanosmiine bee species compared tblieto et al.(2014). Although the extinction risks of
7.3% of species (DBpecie9 remain undefined, 80.1% of specieshad adequate data to be properly
assessedMore research needs to be carried out to definea more adequatecategory for the
remaining DD species(18 of 246 species)but overall, the conservation statusin Europe for the
Osmiini seens to be not critical with over 73% of LC species Osmiine beesrepresent, for most,
thermophilic species thatappear to benefit from climate change For example, several species
(e.g.,Heriades rubicola Hoplitis anthocopoidesOsmia cornutd were reported to expand their
range in the northernmost countries of their distribution following global warming (Cross &
Notton, 2017; Hogmo, 2019; Holmstrom, 2014; Saure & Wagner, 201&xpanding its range in
response to climate changés documentedin other pollinators (e.g.,butterflies; carpenter bee$
and may be linked to milder winter s lowering larval mortality (Banaszak et al., 2019; Crozier,
2003, 2004). There are also a lot ofstem nesting species among osmiinespecieswhich may
implement new populations in distant places due toglobal tradeas seen irNorth America (Cane,
2003). If not expanding,species can alseemain stable and retaintheir initial distribution due to

better heat toleranceand plasticity (Ghisbain et al., 2021)

While being classified in the LC categorgloes imply lower risks of extinction compared to
threatened species, idoes not excludeaxadeclining locally. However, sich species do not meet
the requirements ofthe IUCN criteriafor a threatenedcategory nor decline sufficiently fast to be
classified inthe NT categoryat the moment For example,Osmianigriventris, O. pilicornisand O.
uncinata, three boreo-alpine and cold-adaptedspecies classified as LC, have declining populations
over their range due to habitat alteration and climate changslowly reducing the suitability of
their habitat, but this is still unquantified (Muller et al., 2019, 2020; Prosi et al., 2016 Another
example isthe 55 species (out of the246 European speciep being classified into one of the
threatened categories in at least one national Red List, 17 of theare even classified as Regionally
Extinct (RE) in these listswhile being considered LGat the European leve(Drossart et al., 2019;
&A1 Eh pwwpn '¢T xAAEdOEE AO Al 8h ¢mme¢n (AEAA AOD
Miuller & Praz, 2024; Radchenko, 2009; Reemer, 2018; SLU Artdatabanken, 2020; Soon, 2020:;
Westrich et al., 2011; Wraber et al., 2(). This apparent mismatch between regional and national

assessmentsnight be explained by the differences impressure experienced by local populations.
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Smallerand localisedpopulations are typically considered during national assessmentand are
more likely to highlight the effects of local threats compared tolarger populations consideredat
aEuropean scaldHerrera, 2019). Somespeciesmight also be at thdimit of their range, with small
and vulnerable populationsbeing regarded as threatenedn some countries This issueof LC
species thatcould slowly and locally declinewas highlighted by a recent study modelling the
projected decline of European bumblebeeghat demonstrated that several LC species are
projected to decline due to global warming and land-use change(Ghisbain et al., 2024) This
emphasisesthe potential underestimation of the IUCN Red List method to accuratelyapture the

actual decline ofpopulation trends of some LC species

While localised declineis concerning, it is also important to acknowledge théhreatened species
facing significant decline over theirentire range. The results highlighted that eight speciegeight
of 246; 3.2%)were threatened at the European levelmainly due to climate changepvergrazing
and habitat loss.To our knowledge, onlyone threatened and one Near Threatened species
currently occur within a protected area.Osmia iber¢a occurs in two protected sites in Portugal
while Osmia maritimaoccurs in three protected sites across Sweden and NorwayT he latter had
benefited from a national action plan in Sweden that recommended sevéra@onservation
measuressuch as (i) restoration ofcoastal dunes where the species occurgii) research to
improve knowledge on its biology and distributionand (iii) public communicationfor awareness
(Cederberg et al., 2010)Although this species is still assessed as EN in this workpgtive
population trends were observed at some rehabilitated sitesand conservation efforts must
continue (Bergquist & Erlandsson, 2019)This set an example of effective conservation measures
whose protocol could be used to protecspecies inhabitingsimilar habitats or be the basis for

future action plansfor other threatened species.

Comparedto the first Red List assessment, the number of threatened species increadeam
one to eight.Adding the NT species adds ufo sixteen species. It is not possible taffirm that
growing threats are affecting the population trends of these species as all of them were
transferred into a threatened or NT category following a better overall knowledge about the
species (@on-genuine changed &I 11 1T xET ¢ OEA [UGN; IBGNA 20820 OitsA
highlights the importance of compiling sufficient knowledge onthe ecology and distribution of
species as the latter may incorrectly be referred to as not threatened because ad lack of

information.
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1.2 Comparison with other bees and pollinators

Regardingthe status ofall European bees, abou®% are NA(198 of 2096 species)19% are DD
(393 of 2096 specie}, 55.5% are LC(1162 of 2096 species)8% are NT (166 of 2096 species) and
8.5% are threatened (177 of 2096 specie} (unpublished data). In comparison, the status of
European Osmiiniis less worrying overall with 20% more LC species and 5% less threatened
species However, the overall situation ofEuropean beesdisplays mixed responses in different
groups. For example, species with similar ecologie® Osmiini (solitary, thermophilic and cavity
nesting bees) such as yellow-faced bees (Colletidae: Hylaeug and the leaf-cutting bees
(Megachilidae Megachilg have similar extinction risks with respectively 5.5% (5 of 88 specie}
and 5.2% (4 of 76 species)of threatened beesOn the other hand,cold-adapted species such as
the bumblebees (Apidae Bombug show greater extinction risks with more than 20% of
threatened species(15 of 67 species)and a further 20% NT species (14 of 67 specie¥
(unpublished data). This difference in the assessment dadifferent groups likely residesin their
respective ecology and life-history traits (as discussed below) (Cariveau & Winfree, 2015;
Winfree, 2010), with bumblebees showing for most speciesan overall population decline due to
their sensitivity to heat and landuse changegGhisbain et al., 2024; Goulson et al., 2008; Kerr et
al., 2015; Rasmont et al., 2015)

Some other pollinators across Europe show similar extinction risks, witli0.7% of saproxylic
beetles (Coleoptera) and 9% of butterflies (Lepidoptera: Hesperidae, Riodinidae, Lycaenidae,
Nymphalidae, Papilonidae, Pieridag being in a threatened categoryNieto & Alexander, 2010;
Van Swaay et al., 2010However, the hoverflies (Diptera: Syrphidaeare much moresensitive to
anthropogenic drivers with 37.2% of species being in a threatened categojy6 OEE¢ AO Al 8h
The worrying situation of hoverflies can be comparedto the situation of bumblebees (Apidae:
Bombug where 20% of speciesare threatened. Likewise, many threatened hoverflies occur in
mountainous areas(the Alps and RhodopesMountains) that are increasingly under threatdue to

overgrazing and climate change.

While some of the threats regarding these groups are rather specific to their ecology (e.g.,
logging and wood harvesting for saproxylic beetles)pther threats such asclimate change,
agricultural intensification and urbanisation or development of tourismoften come upin the top
five causesof decline This highlightsthe widespreadimpact of these threats thatdrive the decline

of several groups of pollinators, not only bees.
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2. Relationship between threat status and traits

2.1 Geographical traits

Out of thedifferent tests performed, only twogeographicaltraits had values thatsignificantly
differed between the conservation status of osmiine bees inEurope: the Extent of Occurrence
(EOO)(Fig. 9)and the Species Temperature IndeXxST]I) (Fig. 10).

The EOOvalues of LC speciesare significantly greater than the ones of RL speciesiaving a
greater EOQs therefore linked with a lower probability of extinction risks. Even if the assignment
of a threatened category is bsed among otherspn EOO and thua relationship was expectedthe
species still need proof of declines or a fragmented populationto be assessed as endangered
using this trait. For example, several species having a lo®OO (e.g.,Chelostoma aegaeicum
Hoplitis cadizg Osmia jasopProtosmia maroccanawere still assessed as L&loreover, this shows
a trend in this tribe of beesdemonstrating that, overall, species having a lower EOO have higher
extinction risks of species If species with a lower EOO are more likely to be threatened, it is
becausepopulations with a smaller geographic rangeare more sensitive to local and stochastic
threats that might strongly impact the population, without other populations being able to
mitigate the impact at a globalscalej ) hEEh c¢mppn / OAOE AEKewise, w®
expected a significant relatiorship between the AOOof threatened/Near Threatened and not
threatened specieshut the test was only marginallysignificant. The reason mightbe that the AOO
is more senstive to sampling bias than the EOO is and fails to captutiee habitat that the taxon
actually occupies(Marsh et al., 2023) The EOGis the area within boundaries that contains all
known occurrences of the specieand thereforeis more likely to take into accountunder-sampled
sites that may be occupied by the taxowhile the AOQ whichis calculated basedn the grid cells
actually occupied by the species, does ndthis may result inlower differences between the AOO
of threatened/Near Threatened and notthreatened species whichexplains the non-significant

result of the test, despite the higher risks linked to smaller and localisgabpulations.

Regarding the STI, species ith a greater STlare significantly less likely to be classified as
threatened than species with a lower STIAlthough severalMediterranean species with high STI
were classifiedinto a threatened category, the significant trend is that a lower STlis linked to
greater extinction risks as it predominantly concernsalpine or arctic species with anarrower
climatic niche. Severalof these species have very low ST{e.g.,-1.15°C forOsmia svenssorind
1.30°Cfor O. alticolg matching valuesof bumblebeespecieshighly affectedby global warmingas
modelled by Rasmont et al(2015). SeveralLC speciesalso have low STI values (e.g2,55°C br

Osmia nigriventris 2.67Cfor O.laticeps 2.82°C forHoplitis robusta) and could be threatened in
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the future by climate change as highlighted bgur result. The SCI values were also expected to be
significant between LC and RL speciagith higher valuesbeing associated with greater extinction
risks asthey can be influencedby more intense extreme climatic eventsuch as heat wavesr
drought (EPA, 2021; Walsh et al., 2020Although these events are already reported to impact
some species(Martinet, Dellicour, et al., 2021; Rasmont & Iserbyt, 2012; VilcheRussell &
Rafferty, 2024), it may be possible thathey are not sufficiently marked to cause a observable
declinewithin a higher taxonomic groupof speciesMoreover, the SCl is calculated throughout an
entire year and does not inform uswhether the temperature seasonalitywas higher during an
active period of the bee orits larval development Since either of the life stage responds
differently to seasonality (Kingsolver et al., 2011) it could potentially mask any significant result
if it affects a more resistant stageAn interesting complementary metric would be to specifically
look at the seasonalityduring a specific life stage of the species to untangle the differential effect

that it may havedepending on the development stagef the species

2.2 Morphological traits

The other testsdid not highlight any significant links between the values ofnorphological traits
and the categories ofecological traits of the threatened/Near Threatened and nonthreatened
species.This may be theresult of mixedto contradictory effects of global changethat impact life-
history traits in different ways at a continental scaleFor example larger speciesare favoured in
fragmented areas ashody sizeis linked to higher dispersal capacityWarzecha et al., 2016) They
also have a higheforage range compared to smaller beesand are therefore ableto compensate
for the lack offloral resourcesin patchy areas(Brasil et al., 2023; Greenleaf et al., 2007/jHowever,
small-bodied ones are more tolerant to increased temperaturethanks to a greater surfaceto-
volume ratio which promotes better heat loss(Gardner et al., 2011) In response toincreased
temperature (in the context of global warming or even heaislands in urbanised areas), small
species are therefore favoured compared to bigger ong®. J. Johnson & Stahlschmidt, 2020;
Merckx et al., 2018; Pardee et al., 20221 must be noted that around 45% of speciefack data
regarding their body size(Tab. 3). This lack of knowledge could also impair the results of this

study.

Regarding hairinessijt plays animportant role in several physiological and ecological functions
of species. First, hairiness is important for thermoregulation as it creates an insulation layer which
reduces heat loss(Heinrich, 1993; May, 1979) Some studies have demonstratednter- and
intraspecific hair length variation with longer hair being favouredin cooler climates and across
altitudinal gradients (Peat et al., 2005; M. K. Peters et al., 2016airiness could therefore be an
important trait modulating response to climate changelt could also play an important role in
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desiccationtolerance asanother study on caterpillars demonstrated thathairless specimendose
more water than hairy ones (Casey & Hegel, 1981)This might indicatethat species withlower
hairiness indexwould be more sensitive to droughtconditions, which are expected to be more
frequent, longer and more intensen the future (Spinoni et al., 2018) Other studies suggest that
hairiness could modulate pollen collection and its effectivenesgStavert et al., 2016; Thorp, 2000)
and also providean effective barrier against predators and parasitic as shown in other insects
(Lindstedt et al., 2008; Sugiura & Yamazaki, 20140he interplay of these functions and howhey
vary in response to different global threats is relatively understudied but might have
contradictory effects as highlightedby the aforementioned examples and explains the non
significance of our results. Similarly to the ITD, thedata coverage for thehairiness index ispoor

with around 75% of speciedacking data (Tab. 3)and mayinfluence the results.

2.3 Ecological traits

Likewise, thelecty categorydid not impact the assigned statuslikely for the same reasos that
one or another category is favoured depending on the conteXRolylectic speciesare less impacted
by the loss d floral resourcesinduced by habitat fragmentationand alterationthanks tothe higher
plasticity of host plants(Détterl & Vereecken, 2010; Kline & Joshi, 2020Additionally, oligolectic
species have higher infection risksto pathogens and might be more affectedby this threat
compared to polylectic onegEliner et al., 2020; Tiritelli et al., 2024) Although oligolectic species
may alsostruggle more with competition with other pollinators (especially honey bees)(Martins,
2004), their specialisation may compensatefor this impact by showing higher efficiency which
outcompetes polylectic species (Dobson & Peng, 1997; Strickler, 1979)Besides, oligolectic
species also bettetrack the environmental cuespredicting the availability of their host plantsin
drought conditions, which could be a advantageus trait in areaswhere it is expectedto have
more frequent and intensive drought (Minckley et al., 2000, 2013)Furthermore, many European
osmiine species arespecialised foragersof Asteraceag(43 out of 123 oligolectic speciel which is
a diverse andcosmopolitan family of plants Therefore these bees argotentially less impacted

by the loss of floralresources

Finally, none of the rtaits regarding the nesting biology (nesting area, material, method,
position) were significantly linked to extinction risks in our analysis. Several studieshave
demonstrated the impactof pesticide exposurein the case ofground-nesting bees.Pesticidesare
highly persistent chemical compounds in the soilBhandari et al., 2020)which represents a
consequentialexposure routeto ground-nesting bees By the nature of the nestthesespeciesare
highly exposed to contaminated soitluring their larval development and also as activedults by

digging in the soil. Even ifthe bee is a cavitynester above groundthey can stillbe subjected to
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harmful residuesas many specietiandle some kind of derived ground material (e.g., soigarth,
sand)to build the nest(Sgolastra et al., 2019)which is especiallywidespread amongosmiine bee
species (Muller, 2024). This is corroborated by a recent studythat demonstrated impaired
development and reduced adult longevity ofthe cavity-nesting bee Osmia lignaria following
exposure to contaminated soil (Anderson & HarmonThreatt, 2019). Pesticides are not only
restrained to soils as they can be&olatile compounds (Ferrari et al., 2003), and therefore, it is
likely that the usage of ther nesting materials (e.g., leaves, resin, petalshay dso lead to some
kind of exposure but this remains largely unexploredRaine & Rundl6f, 2024) Although ground-
nesting bees seem to be moréhoroughly exposed to pesticides, they may be favoured in the
context of climate change. For exampléhe soil may keepthe nest relatively moistand providean
isolation layer protecting it from increasing temperature (Harmon-Threatt, 2020). Another
consequence of climate changbypothesised by Harmon-Threatt (2020) is that species using
certain plant materials may suffer from a lesser availability of these materialsdue to temporal
mismatches but that remains to be investigatedHabitat alteration also impacs nesting traits but
once again, differently depending on the contexfor instance,urbanised areascontain a lot of
impervious surfaces which decreaseghe availability of nesting sitesfor ground-nesting species
while favouring cavity-nesting speciesand more opportunistic ones (Bennett & Lovell, 2019;
Ghisbain et al., 2021)In contrast, cavity-nesting species are negatively impactedy recent
wildfires and intensive agriculture where nesting sites are generallyremoved from the
environment (Williams et al., 2010) However, data regarding the nesting biologyof European
osmiine speciesis still sparse petween 40 to 50% are lackingdepending on the nesting trait)

with some categoriesbeing poorly represented (Tab. 3, which may affect our results.

Overall, therelationship between traits and the risks of extinction depends on many facto@nd
the interplay between each of them Although a trait caninfluence the responseof a bee to a
particular threat, it becomes less accentuated whelooked at globally with the action of each of
the drivers of decline.The responseof a speciegherefore depends on the most impacting threat
occurring locally. At a continental level (herein Europe), severaldrivers occur on different
populations of the same species and may mask a global trewtlich explains the nonsignificance
of those tests.Nevertheless, we found two significantrelationships between trait values of the
different IUCN Red List categaes. These traitseither representmajor and more globalindicators

of decline (EOQO) olre more strongly affected byone ubiquitous threat, i.e,climate change(STI).
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3. Ecological niche modelling

3.1 Ecological suitability

Our results show that the areaswith the highest ecological suitability are the Mediterranean
basin and mountainous areas of central Europe, which can be seen as thesinlogical optimum
(Fig. 11). This follows the conclusion of recent studies corroborating a generapattern of
distribution seen in beeswith xeric zones such as th&lediterranean countries being particularly
diverse (Leclercq et al., 2023; Orr et al., 2021; Reverté et al., 2028heseregions represent dry
and warm climates hosting high diversity, presumably becausenectar and pollenlossis higherin
humid environments due totheir perishable nature andfungal attacks (Michener, 1979, 2007) In
Europe, some ofthese southern areas alsoacted as refugiaduring the Pleistoceneglaciations
(Lecocq et al., 2013)Moreover, the biogeographic history of osmiine bea shows that this tribe
has a Palaearctic originwith many exchanges with the North American continentwith both

continents harbouring Mediterranean areas suitable to this grougPraz et al., 2008)

Mountainous ecosystemsrepresent ecologically suitable areas beause oftheir numerous
heterogeneousenvironments and climates hosting high diversity and endemism(Kérner, 2004,
Testolin et al., 2021) Because othe rain shadow effect(i.e.,reduced precipitation in areas behind
mountain ranges, somealpine areashave asomewhatarid climate similar to the Mediterranean
(Magnes et al., 2021; Stockham et al., 2018his effecttypically occursin the inner alpine valleys,
which therefore host several Mediterranean bee speciesthat extend their distribution in central
Europe(Praz et al., 2023; Steinmann, 2002Dn the other handhigh peaks andchorthern flanks of
mountains (e.g., Jurahave relatively colder climates hosting many coldadapted beesuchasthe
several lineages of osmiine beée.g.,subgerera Melanosmiaand Formicapig that are alpine or

boreo-alpine species(Muller, 2024; Praz et al., 2023)

3.2 Main threats

Since both mountainous and Mediterranean areas in Europe display highly suitable
environmental conditions representing their ecological optimumand hotspot areas, they should
be prioritised areas in terms of osmiine bee conservation. Yet, these areas arencreasingly

threatened by (i) climate change(ii) touristic development and (iii) overgrazing.

0] Climate change ispossibly the most ubiquitous threat to both ecosystems. It already
impacts several coldadapted European osmiine species (e.gGChelostoma grande,
Hoplitis saxialis, Osmia alticola, O. svenssoni, O. steinmamd is expected to further

threaten alpine but also thermophilic species, both in mountain and xeric ecosystems.
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(ii)

(iii)

These regions are already impactethy increasingtemperatures and extreme climatic
events (e.g., droughts, heat wavesand are expected b intensify in Europe. This
dramatically reshapes their natural habitat and distribution as highlighted by the
decline of some bumblebee speciemhabiting alpine regions (Ghisbain et al., 2024;
Rasmont et al., 2015put also bythe expecied range contractions in the Aegean Islands
of Greece(Kougioumoutzis et al., 2022) Temperature warming and droughts also
increasethe frequency of wildfires in the Mediterraneancountries (Dupuy et al., 2020;
Moriondo et al., 2006) Although fires are part of the natural cycle of these ecosystems,
atoo-high frequency of these eventanay cause a shift inplant communities (Rodrigo et
al., 2004) and also lead to reduced bee diversity (Potts et al., 2003) which already
impacts Osmia larochein the Canary Islands(C. Ruiz Carreira, pers. comm. 2024)
Mediterranean areas are further threatened byhe developmentof tourism. This threat
impacts several speciesmainly occurring in the Mediterranean basinsuch asOsmia
iberica, O. rutila and Hoplitis cypriaca. According to Plan Bleu(2022), more than 500
million international arrivals are forecast for the Mediterranean basinin 2030. This
results in highly detrimental urban development and coastal managementin many
southern countries of Europe(e.g.,roughly 80% of coastal habitatalong the French,
Italian and SpainMediterranean coasthave been destroyedl (Drius et al., 2019; Van Der
Meulen & Salman, 1996)The Mediterranean is not the only region to be confronted with
this problem as other countries further north may be impacted by infrastructure
development as well In Sveden, theOsmia maritimapopulation has seen its numbers
decrease (now estimated to be less than 50 female individuals following the
construction of a harbour and a golf coursalestroying its coastal dunes habitats(B.
Cederberg, pers. comm. 2B4; Cederberg et al., 201Q)This species is also threatened by
other factors such aseutrophication and overgrazing. Smilar situations are occurring
for the population of the coastal dunes oNorway (Kalas et al., 2010jand the speciehas
already disappearedin the Netherlands (Reemer, 2018)
Even though a limited grazing regime can be beneficialfor alpine grassland and
Mediterranean shrubland by avoiding shrub and tree development which could
ultimately turn into forest (Chauchard et al., 2007)intensive grazing can on the
contrary, lead tooverall land degradation. The repeating grazing andstamping fromlive
stocks erode the soil and decreaseflower coverage which can result in barren soll
impairing the re-generatvity of plant communities(Klug et al., 2002; Skoulikidis, 2021;
Wiesmair et al., 2017) It also alters plant density and diversity which indirectly affects
the survival of pollinators by decreasingthe availability of floral resources, nesting sites
and material availability (Potts et al., 2009) These effectsnegatively impact bee
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communities as observedin some Europeanosmiine bee speciessuch asChelostoma
grande and Hoplitis saxialis(C. Praz, pers. comn2024; M. Aubert & J. Devalez, pers.
comm. 2024) Some authorsevendesignatedgrazing as one of the most serious threat
in the Mediterranean region(Petanidou & Ellis, 1996)
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VI. Conclusion and perspectives

Compared to the first European Red List of bees, tHeowledge regarding the threats of
European osmiine bees is in a much better state. New gathered data enabled uso lower the
proportion of Data Deficient species fromalmost 50% to ~7 %. This allowed a more accurate
assessment otheir status which globally indicates alow extinction risk with almost 75% of Least
Concern speciesHowever,these results must be takencautiously as somespeciesdo not have
favourable population trends. The statistical analysis indicatel that only two traits, namely the
Extent Of Occurrence (EOO) and the Species Temperature Index (S@ierelevant indicators of
the assignedlUCN Red List categorywith lower EOOand STlvalues associatedwith higher
extinction risks. Themorphological and ecologicatraits were not significantly associated with the
conservation status of our speciedjkely due to the mixed responses of the traits to the various
threats at a continental scale Ecological niche modelling (ENM) further pointed out the
importance of the Mediterranean andmountainous areasin terms of ecological suitability for
European Osmiini speciesand highlighted the importance of conservation of suchfragile

ecosystemghat are increasingly threatened byanthropogenic actions

Although this work provides insightful resources regarding the decline of European osmiine
species further research and conservatiorefforts must be undertaken to fully grasphe problem
of wild bee decline in EuropeFor example,continuing to update the EuropeanRed Listof bees
would enable tracking changesin threat regime through time with a Red List index used to

monitor changesin the biodiversity state (https://www.iucnredlist.org/assessment/red -list-

index). For this purpose, it is also important to keep monitoring thepopulations of wild beesas
well asimproving the knowledge abouttheir threats, ecologyand geographyso that conservation
plans are as effective and appropriate as possible Furthermore, the IUCN Red Lisassesgsthe
relative extinction risk of a species buis not a toolto set conservation priorities. The latteralso
depends on socio-economic, cultural and political factors which further research could
investigate. It is also important to take into account localfactors, notably to set national
conservation action, which may lead tdhreatened status that is different from the continental
situation. One of the last stepfollowing this work would be to implement concrete conservation
plans, for example through legal protection of the species, habitat restoration and public

awarenessto halt their decline.

To further assessspecies whose status istill undetermined or is yet to be evaluated some
geographical traits EOO and STlcould be used toexplore and estimate the extinction risks of

these speciesFurthermore, even if thestudy of theecological and morphologicatraits hasproven
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its limitation at a continental scale further researchfocusng on local and national scale could
use these traitsto gain a mechanisticexplanation of the decline of a taxorand its local causeWe
also highlighted the lack of data for certain traits ljody size, hairiness and nesting biologythat
are essentialfor the survival of the speciesWe therefore suggestthat more research and data

collection should be conductedo implement this knowledge gap.

Regarding ENM, the representativity of the model could be improved as only 6@&uropean
osmiine bee species were modelledGatheringmore data for unrepresentedspeciesbut also in
under-sampledareas may unravel other ecologically suitableareasthat are important to preserve,
not only for European osmiine species but also for other wild bees as thisllows the general
pattern of bee diversity. This is alsoa crucial step that goeshand in hand with an accurate
assessment of specieskinally, ENM has been widely used to assess chang&s ecological
suitability through time using environmental data representing several globalchangescenarics.
This approach could be used to further assessachspeciesbased on anothercriteria of the IUCN

Red Listlooking at a projectedpopulation size reduction €riteria A3).

Overall, this work sets the basisfor the conservation of the Osmiini in Europe and provids
directions for future research.With reports demonstrating that these important pollinators are
potentially under higher threats than previously reported, it is our responsibility to take actionto

halt this global declineto seta better and sustainable future.

48



References

Almeida, E. A. B., Bossert, S., Danforth, B. N., Porto, D. S., Freitas, F. V., Davis, C. C., Murray, E. A., Blaimer, B.
B., Spasojevic, T., Stroher, P. R., Orr, M. C., Packer, L., Brady, S. G., Kuhlimann, M., Branstetter, M. G.,
& Pie, M. R. (2023). The eVationary history of bees in time and spaceCurrent Biology 33(16),
3409-3422.e6. https://doi.org/10.1016/j.cub.2023.07.005

Amiet, F., Herrmann, M., Mdller, A., & Neumeyer, R. (2004pidae. 4:Anthidium, Chelostoma, Coelioxys,
Dioxys, Heriades, Lithurgus, Megachile, Osmia, Stelis. Schweizerische Entomologische Gesellschaft.

Anderson, N. L., & HarmoiThreatt, A. N. (2019). Chronic contact with realistic soil concentrations of
imidacloprid affects the mass, immature development speed, and adult longevity of solitary bees.
Scientific Reports9(1), 3724. https://doi.org/10.1038/s41598 -019-40031-9

'TOTET AR #8 -8h O &1 OOAOOh *8 28 +8 | ¢mncghcqaicalt AOOET C
Entomology, 46(2), 143z159. https://doi.org/10.1111/een.12986

Ascher, J. S., & Pickering, J. (2020)iscover Life Bee Species Guide and World Checklist (Hymenoptera:
Apoidea: Anthophila) http://www.discoverlife.org/mp/20q?guide=Apoidea_species (accessed 22
July 2024)

Aubert, M., Miller, A., & Praz, C. (2024 new osmiine bee with a spectacular geographic disjunction:
Hoplitis (Hoplitis) onosmaevaesp. nov. (Hymenoptera, Anthophila, Megachilidae)Alpine
Entomology 8, 65z79. https://doi.org/10.3897/alpento.8.118039

Azpiazu, C., Bosch, J., Vifiuela, E., Medrzycki, P., Teper, D., & Sgolastra, F. (2019). Chronic oral exposure to
field-realistic pesticide combinations via pollen and nectar: Effects on feeding and thermal
performance in a solitary bee.Scientific Reports9(1), 13770. https://doi.org/10.1038/s41598 -
019-50255-4

Banaszak, J., Banasz#kbicka, W., & Twerd, L. (2019). Possible expansion of the rangegfocopa violacea
L. (Hymenoptera, Apiformes, Apidae) in EuropelURKISH JOURNAL OF ZOOL 0&®), 6507656.
https://doi.org/10.3906/z00 -1812-6

Banaszak, J., & Romasenko, L. (200Megachilid bees of Europe (Hymenoptera: Apoidea: Megachilidae)
(Second edition corrected and supplemented). Bydgoszcz University Press.

"AOAAOz- AGOETh -8h *ECOAOR &8h !'1 AROOh #8 (8h Q 4EOE
distribution models: How, where and how manyMethods in Ecology and Evolutig8(2), 3277338.
https://doi.org/10.1111/j.2041 -210X.2011.00172.x

Barnosky, A. D., Matzke, N., Tomiya, S., Wogan, G. O. U., Swartz, B., Quental, T. B., Marshall, C., McGuire, J. L.,
, ET AGAUR %8 ,8h -ACOEOAh +8 #8h -AOOGAUR "8h 0O &AO
already arrived?Nature, 471(7336), 51z57. https://doi.org/10.1038/nature09678

Bartomeus, |., Ascher, J. S., Gibbs, J., Danforth, B. N., Wagner, D. L., Hedtke, S. M., & Winfree, R. (2013).
Historical changes in northeastern US bee pollinators related to shared ecological traits.
Proceedings of  the National =~ Academy  of  Sciencesl110(12), 465674660.
https://doi.org/10.1073/pnas.1218503110

Batra, S. W. T. (1998). Hornfaced Bees for Apple Pollinatioirginia State Horticultural Society Annual
Meeting 138, 3617365.



Benedek, P. (2008). Preliminary studies on propagating natural mason bee (mix&bmia cornutaand O.
rufa) populations in artificial nesting media at the site for fruit orchard pollination. International
Journal of Horticultural Sciencel4(1-2.). https://doi.org/10.31421/1JHS/14/1 -2./790

Bennett, A. B., & Lovell, S. (2019). Landscape and local site variables differentially influence pollinators and
pollination services in urban agricultural sites. PLOS ONE 14(2), e0212034.
https://doi.org/10.1371/journal.pone.0212034

Bergquist, S., & Erlandsson, J. (2019). Redovisning av atgardsprogram for havsmurarbi, 291%019.
Naturvardsverket Rapport 634117.

Bhandari, G., Atreya, K., Scheepers, P. T. J., & Geissen, V. (Za2@entration and distribution of pesticide
residues in soil: Nondietary human health risk assessment.Chemosphere 253, 126594.
https://doi.org/10.1016/j.chemosphere.2020.126594

Biesmeijer, J. C., Roberts, S. P. M., Reemer, M., Ohlemiller, R., Edwards, M., Peeters, T., Schaffers, A. P., Potts,
S. G., Kleukers, R., Thomas, C. D., Settele, J., & Kunin, W. E. (2006). Parallel Declines in Pollinators
and InsectPollinated Plants in Bitain and the Netherlands. Science 313(5785), 3517354.
https://doi.org/10.1126/science.1127863

Blink, F. (n.d.).Heriades truncorum 2, Tronkenbij, female, Saxifragfaits Bink [Graphic]. Retrieved 27 July
2024, from
https://www.freenatureimages.eu/animals/Hymenoptera%2C%?20Bijen%2C%20Wespen
Mieren%2C%20Bees%2C%20Wasps
Ants/Heriades%20truncorum%2C%20Daisy%20Carpenter%20Bee/index.html#Heriades%2520
truncorum%25202%252C%2520Tronkenhij%252C%2520female%252C%2520Saxifraga
Frits%2520Bink.jpg

Borremans, B., Faust, C., Manlove, K. R., Sokolow, S. H., &-Boyth, J. O. (2019). Crosspecies pathogen
spillover across ecosystem boundaries: Mechanisms and theofhilosophical Transactions of the
Royal Society B: Biological Sciences  374(1782), 20180344.
https://doi.org/10.1098/rstb.2018.0344

Bosch, J., & Kemp, W. P. (200How to manage the blue orchard bee: As an orchard pollinatBustainable
Agriculture Network.

Bosch, J., Sgolastra, F., & Kemp, W. P. (2008). 6. Life Cycle Ecophysiol@pmoéMason Bees Used as Crop
Pollinators. In R. JamesBee Pollination in Agricultural Ecesystems(1st ed., Vol. 1, pp. 838L05).
Oxford University Press. https://doi.org/10.1093/acprof:0s0/9780195316957.003.0006

"Tx1 AOh $8 %8h "EI OEi ATh '8 $8h $1 01 A1l AOh -8h -UAOOZS3
#8h 7EI OAOh -8h 6A1T1ATAR -8h "11TxAOh 38 18h "EET]I
Hines, J., Isbell, F., Jones, H-PACOOOAT h '8 %8h 8 "AOAOh '8 %8 j¢rng
biodiversity across the planet uncovers anthropogenic threat complexe®eople and Naturg2(2),
380z394. https://doi.org/10.1002/pan3.10071

Brasil, S. N. R., George, M., & Rehan, S. M. (2023). Functional traits of wild bees in response to urbanization.
Journal of Insect Conservatiohttps://doi.org/10.1007/s10841 -023-00528-1

Brettell, L. E., Martin, S. J., Riegler, M., & Cook, J. M. (2021). Vulnerability of island insect pollinator
communities to pathogens. Journal of Invertebrate Pathology 186, 107670.
https://doi.org/10.1016/}.jip.2021.107670

Brooks, M., E., Kristensen, K., Benthem, K., J. ,van, Magnusson, A., Berg, C., W., Nielsen, A., Skaug, H., J., Machler,
M., & Bolker, B., M. (2017). gimmTMB Balances Speed and Flexibility Among Packages for-Zero
inflated Generalized Linear Mixed ModelingThe R Journab(2), 378. https://doi.org/10.32614/RJ -

2017-066



"Ol xTh -8 *8 &8h ,1T1TOIEh 28h Q 3AEIiEAZ(AIPATh 08 jc¢m
trypanosome infecting bumblebees. Oikos 91(3), 421z427. https://doi.org/10.1034/j.1600 -
0706.2000.910302.x

Brown, M. J. F., & Paxton, R. J. (200%)e conservation of bees: A global perspectivApidologie 40(3), 410z
416. https://doi.org/10.1051/apido/2009019

Caetano, G. H. D. O., Chapple, D. G., Grenyer, R., Raz, T., Rosenblatt, J., Tingley, R., Béhm, M., Meiri, S., & Roll,
U. (2022). Automated assessment reveals that the extinction risk of reptiles is widely
underestimated across space and phylogeny. PLOS Biology 20(5), e3001544.
https://doi.org/10.1371/journal.pbio.3001544

CalatayudVernich, P., Calatayud, F., Simo, E., Pascual Aguilar, J. A., & Pic6, Y. (2019}y@ammonitoring
of pesticide hazard inrhive: High honey bee mortality rates during insecticide poisoning episodes
in apiaries located near agricultural setting. Chemosphere 232, 471z480.
https://doi.org/10.1016/j.chemosphere.2019.05.170

Cameron, S. A, Lozier, J. D., Strange, J. P., Koch, J. B., Cordes, N., Solter, L. F., & Griswold, TPattE2041).
of widespread decline in North American bumble beesroceedings of the National Academy of
Sciencesl08(2), 6627667. https://doi.org/10.1073/pnas.1014743108

Cane, J. H. (1987). Estimation of Bee Size Using Intertegular Span (Apoiddalurnal of the Kansas
Entomological Societyl457147.

Cane, J. H. (2003). Chapter 7: Exotic Nonsocial Bees (Hymenoptera: Apiformes) in North America: Ecological
Implications. In K. Strickler & J. H. Cane (EdsHor Nonnative Crops, Whence Pollinators of the
Future?SPIE. https://doi.org/10.4182/2ZSGH5376.2003.113

Cane, J. H. (2014). The oligolectic be&@smia brevissonicates Penstemon flowers for pollen: A newly
documented behavior for the Megachilidae. Apidologie 45(6), 6787684.
https://doi.org/10.1007/s13592 -014-0286-1

Cane, J. H., Griswold, T., & Parker, F. D. (2007). Substrates and Materials Used for Nesting by North American
Osmia Bees (Hymenoptera: Apiformes: Megachilidae)Annals of the Entomological Society of
America 100(3), 3507358. https://doi.org/10.1603/0013 -8746(2007)100[350:SAMUFN]2.0.CO;2

Cane, J. H., & Sipes, S. (2006). Characterizing floral specialization by bees: Analytical methods and a revised
lexicon for oligolecty. InPlant-pollinator interactions: From specialization to generalizatio(pp. 99z
122). The University of Chicago Press Chicago.

Cardoso, P. (2017). redd An R package to facilitate species red list assessments according to the IUCN
criteria. Biodiversity Data Journals, e20530. https://doi.org/10.3897/BDJ.5.e20530

Cariveau, D. P., & Winfree, R. (2015). Causes of variation in wild bee responses to anthropogenic drivers.
Current Opinion in Insect SciencE), 104z109. https://doi.org/10.1016/j.cois.2015.05.004

Casey, T. M., & Hegel, J. R. (1981). Caterpillar Setae: Insulation for an Ectoth®cence214(4525), 11317
1133. https://doi.org/10.1126/science.214.4525.1131

Cederberg, B., Larsson, K., & Nilsson, L. A. (202ayardsprogram fér havsmurarbi 2010-2014. [Action Plan
for Osmia maritima 20102014 (Hymenoptera: Apidae). Naturvardsverket Rapport 6341
https://doi.org/10.13140/RG.2.1.5189.3849

Chauchard, S., Carcaillet, C., & Guibal, F. (200Fatterns of Landuse Abandonment Control Tree
recruitment and Forest Dynamics in Mediterranean Mountains Ecosystems10(6), 9367948.
https://doi.org/10.1007/s10021 -007-9065-4



Chittka, L., Thomson, J. D., & Waser, N. M. (1999). Flower Constancy, Insect Psychology, and Plant Evolution.
Naturwissenschaften86(8), 361z377. https://doi.org/10.1007/s001140050636

Chui, S. X., Keller, A., & Leonhardt, S. D. (20E2nctional resin use in solitary beesEcological Entomology
47(2), 115z136. https://doi.org/10.1111/een.13103

Clark, N. E., Lovell, R., Wheeler, B. W., Higgins, S. L., Depledge, M. H., & Norris, K. (2014). Biodiversity, cultural
pathways, and human health: A frameworkTrends in Ecology & Evolutign29(4), 198z204.
https://doi.org/10.1016/j.tree.2014.01.009

Cowie, R. H., Bouchet, P., & Fontaine, B. (20Zt)e Sixth Mass Extinction: Fact, fiction or speculation?
Biological Reviews97(2), 640z663. https://doi.org/10.1111/brv.12816

Crall, J. D., Switzer, C. M., Oppenheimer, R. L., Ford Versypt, A. N., Dey, B., Brown, A., Eyster, M., Guérin, C.,
Pierce, N. E., Combes, S. A., & De Bivort, B. L. (2018). Neonicotinoid exposure disrupts bumblebee
nest behavior, social networks, and thermeegulation. Science 362(6415), 683z7686.
https://doi.org/10.1126/science.aat1598

Cripps, C., & Rust, R. W. (1989). Pollen Foraging in a Community G§mia Bees (Hymenoptera:
Megachilidae).Environmental Entomology18(4), 582z589. https://doi.org/10.1093/ee/18.4.582

Cross, I., & Notton, D. G. (2017). Smakaded resin beeHeriades rubicola new to Britain (Hymenoptera:
Megachilidae).British Journal of Entomology and Natural Historg0, 1z6.

Crozier, L. (2003). Winter warming facilitates range expansion: Cold tolerance of the butterfAtalopedes
campestris Oecologial35(4), 648z656. https://doi.org/10.1007/s00442 -003-1219-2

Crozier, L. (2004). Warmer winters drive butterfly range expansion by increasing survivorshigecology
85(1), 231z241. https://doi.org/10.1890/02 -0607

Danforth, B. N. (2007). Bees.  Current Biology 17(5), R156zR161.
https://doi.org/10.1016/j.cub.2007.01.025

Danforth, B. N., Minckley, R. L., Neff, J. L., & Fawcett, F. (20IBg solitary bees: Biology, evolution,
conservation Princeton University Press.

Devictor, V., Julliard, R., Couvet, D., & Jiguet, F. (2008). Birds are tracking climate warming, but not fast
enough. Proceedings of the Royal Society B: Biological Scien@&(1652), 2743z2748.
https://doi.org/10.1098/rspb.2008.0878

Dirzo, R., Young, H. S., Galetti, M., Ceballos, G., Isaac, N. J. B., & Collen, B. (2014). Defaunation in the
Anthropocene.Science345(6195), 401z406. https://doi.org/10.1126/science.1251817

Dobson, H. E. M., & Peng;¥. (1997). Digestion of Pollen Components by Larvae of the Flow®pecialist
Bee Chelostoma florisomn¢Hymenoptera: Megachilidae).Journal of Insect Physiolog¢3(1), 89z
100. https://doi.org/10.1016/S0022 -1910(96)00024-8

Dotterl, S., & Vereecken, N. J. (2010). The chemical ecology and evolution okt@ser interactions: A
review and perspectivesThe present review is one in the special series of reviews on anigghnt
interactions. Canadian Journal of Zoolog88(7), 668z697. https://doi.org/10.1139/210 -031

Drius, M., Bongiorni, L., Depellegrin, D., Menegon, S., Pugnetti, A., & Stifter, S. (2019). Tackling challenges for
Mediterranean sustainable coastal tourism: An ecosystem service perspecti&eience of The Total
Environment 652, 130271317. https://doi.org/10.1016/j.scitotenv.2018.10.121



Drossart, M., Rasmont, P., Vanormelingen, P., Dufrene, M., Folschweiller, M., Pauly, A., Vereegken, N., Vray,
38h : Al AOAh %8h $5&( AAOA BAghkO Red *Lithof BRedvioris:AteBse h  $8  j

Ol EOAOOCEOAEOA AA 1651 EOAOOGESOT AA -1108

Duchenne, F., Thébault, E., Michez, D., Gérard, M., Devaux, C., Rasmont, P., Vereecken, N. J., & Fontaine, C.
(2020)., 11T ¢czOAOI AEEAAOO T &£ Cci 1T AAl AEATCA 11 1T AAOPAT A
Global Change Biologg6(12), 6753z6766. https://doi.org/10.1111/gcb.15379

Dupuy, J., Fargeon, H., Marti@tPaul, N., Pimont, F., Ruffault, J., Guijarro, M., Hernando, C., Madrigal, J., &
Fernandes, P. (2020). Climate change impact on future wildfire danger and activity in southern
Europe: A review Annals of ForesBcience77(2), 35. https://doi.org/10.1007/s13595 -020-00933-

5

Eddy, T. D., Lam, V. W. Y., Reygondeau, G., CisiMoogemayor, A. M., Greer, K., Palomares, M. L. D., Bruno,
J. F., Ota, Y., & Cheung, W. W. L. (2021). Global decline in capacity of coral reefs to provide ecosystem
services.One Earth4(9), 1278z1285. https://doi.org/10.1016/j.oneear.2021.08.016

Elith, J., & Leathwick, J. R. (2009). Species Distribution Models: Ecological Explanation and Prediction Across
Space and Time.Annual Review of Ecology, Evolution, and Systematid6(1), 6777697.
https://doi.org/10.1146/annurev.ecolsys.110308.120159

Elith, J., Leathwick, J. R., & Hastie, T. (2008). A working guide to boosted regression tdmsnal of Animal
Ecology 77(4), 802z813. https://doi.org/10.1111/j.1365 -2656.2008.01390.x

Ellner, S. P., Ng, W. H., & Myers, C. R. (2020). Individual Specialization and Multihost Epidemics: Disease
Spread in PlantPollinator Networks. The American Naturalist 195(5), E118&E131.
https://doi.org/10.1086/708272

Engel, M. S. (2001). A monograph of the Baltic amber bees and evolution of the Apoidea (Hymenoptera).
Bulletin of the American Museum of Natural Histgr@59, 1z192. https://doi.org/10.1206/0003 -
0090(2001)259<0001:AMOTBA>2.0.CO;2

Engel, M. S., Rasmussen, C., & Gonzalez, V. H. (2B26%: Phylogeny and Classification. In C. K. Starr (Ed.),
Encyclopedia of Social Insects (pp. 1z17). Springer International Publishing.
https://doi.org/10.1007/978 -3-319-90306-4_141

EPA. (2021). A Review of Observed Evidence in the United States. Technical Report DecefdBer,
Environmental Protection Agency. https://www.epa.gov/climate-indicators/seasonality-and-
climate-change.

Erazo, D., Grant, L., Ghisbain, G., Marini, G., G@énzéalez, F. J., Wint, W., Rizzoli, A., Van Bortel, W., Vogels,
C. B. F., Grubaugh, N. D., Mengel, M., Frieler, K., Thiery, W., & Dellicour, S. (2024). Contribution of
climate change to the spatial expasion of West Nile virus in EuropeNature Communicationgl5(1),

1196. https://doi.org/10.1038/s41467 -024-45290-3

European Commission. (2021)EU biodiversity strategy for 2030: Bringing nature back into our livékst
edition). Publications Office of the European Union.

Evenari, M., Shanan, L., & Tadmor, N. (1982he Negev: The Challenge of a Deskldrvard University Press.
https://doi.org/10.4159/harvard.9780674419254

Falk, S. (1991).A review of the scarce and threatened bees, wasps and ants of Great Britain
https://doi.org/10.13140/RG.2.2.13488.28165

Feinbrun-Dothan, N. (Ed.). (1978)Flora Palaestina. Part 3. Ericaceae to compositdsrael Academy of
Sciences and Humanities.



Ferrari, F., Trevisan, M., & Capri, E. (2003). Predicting and Measuring Environmental Concentration of
Pesticides in Air after Soil Application.Journal of Environmental Quality32(5), 162371633.
https://doi.org/10.2134/jeq2003.1623

Fleites-Ayil, F. A., MedinaMedina, L. A., Quezada Euan, J. J. G., Stolle, E., Theodorou, P., Tragust, S., & Paxton,
R. J. (2023). Trouble in the tropics: Pathogen spillover is a threat for native stingless be#islogical
Conservation284, 110150. https://doi.org/10.1016/j.biocon.2023.110150

Frank, D. P., & Tepedino, V. J. (1982). A Nest and Pelliection Records ofOsmia scullenSandhouse, a
Bee with Hooked Hairs on the Mouthparts (Hymenoptera: MegachilidaeJournal of the Kansas
Entomological Society55(2), 329z334.

Furst, M. A., McMahon, D. P., Osborne, J. L., Paxton, R. J., & Brown, M. J. F. (2014). Disease associations
between honeybees and bumblebees as a threat to wild pollinatorslature, 506(7488), 3647366.
https://doi.org/10.1038/nature12977

Gabriel, D., & Tscharntke, T. (2007). Insect pollinated plants benefit from organic farminggriculture,
Ecosystems & Environmerit18(1z4), 43z48. https://doi.org/10.1016/j.agee.2006.04.005

Gallai, N., Salles-M., Settele, J., & Vaissiéere, B. E. (20@3onomic valuation of the vulnerability of world
agriculture confronted with pollinator decline. Ecological Economics 68(3), 810z821.
https://doi.org/10.1016/j.ecolecon.2008.06.014

Gardner, J. L., Peters, A., Kearney, M. R., Joseph, L., & Heinsohn, R. (2011). Declining body size: A third
universal response to warming? Trends in Ecology & Evolutign 26(6), 285z291.
https://doi.org/10.1016/j.tree.2011.03.005

Gérard, M., Cariou, B., Henrion, M., Descamps, C., & Baird, E. (2022). Exposure to elevated temperature
during development affects bumblebee foraging behavioBehavioral Ecology33(4), 816z824.
https://doi.org/10.1093/beheco/arac045

Gess, S. K., & Gess, F. W. (2008). Patterns of usage of snail shells for nesting by wasps (Vespidae: Masarinae
and Eumeninae) and bees (Megachilidae: Megachilinae) in Southern Afridgaurnal of Hymenoptera
Researchl7.

Ghisbain, G. (2021). Are Bumblebees Relevant Models for Understanding Wild Bee Declifghtiers in
Conservation Scieng@, 752213. https://doi.org/10.3389/fcosc.2021.752213

Ghisbain, G., Gérard, M., Wood, T. J., Hines, H. M., & Michez, D. (2021). Expanding insect pollinators in the
Anthropocene.Biological Reviews96(6), 2755z2770. https://doi.org/10.1111/brv.12777

Ghisbain, G., Thiery, W., Massonnet, F., Erazo, D., Rasmont, P., Michez, D., & Dellicour, S.Ragj2d)ed
decline in European bumblebee populations in the twengfirst century. Nature, 628(8007), 337z
341. https://doi.org/10.1038/s41586 -023-06471-0

Ghisbain, Rosa, G., Rosa, P., Bogusch, P., Flaminio, S., Le Divelec, R., Dorchin, A., Kasparek, M., Kuhlmann, M.,
Litman, J., Mignot, M., Miller, A., Praz, C., Radchenko, V. G., Rasmont, P., Risch, S., Roberts, S. P. M.,
Smit, J., Wood, T. J., Michez, ®Reverté, S. (2023). The new annotated checklist of the wild bees
of Europe (Hymenoptera: Anthophila). Zootaxa 5327(2), 1z147.
https://doi.org/10.11646/zootaxa.5327.1.1

" ¢T xAAEdOEEhR -* BAE E-AXEIAIUAO E-A8dnior,QG. @002).% VBOGEAA 1 EOOA Ux|
CET AaAUAE E UACOiFTTTUAE x o011 OAAdg 30PIAITATO n 1
ARUEOo GCi xAex xAAtOC EAOACI OEE )5#.T7#5h U bi AATE

Oficyna Wydawnicza Text.



Gonzalez, V. H., & Griswold, T. (2011). Heriades tayrona N. Sp., the First Osmiine Bee from South America
(Hymenoptera: Megachilidae). Journal of the Kansas Entomological SocieB4(4), 255z259.
https://doi.org/10.2317/JKES110317.1

Gotlieb, A., Pisanty, G., Rozen, J. G., Miiller, A., Réder, G., Sedivy, C., & Praz, Q2] #loral Preferences,
and Immatures of the BeeHaetosmia vechtiHymenoptera: Megachilidae: Osmiini).American
Museum Novitates2014(3808), 1z20. https://doi.org/10.1206/3808.1

Goulson, D., & Hughes, W. O. H. (2015). Mitigating the anthropogenic spread of bee parasites to protect wild
pollinators. Biological Conservationl91, 10z19. https://doi.org/10.1016/j.biocon.2015.06.023

Goulson, D., Lye, G. C., & Darvill, B. (2008). Decline and Conservation of Bumble Baasal Review of
Entomology 53(1), 191z208. https://doi.org/10.1146/annurev.ento.53.103106.093454

Goulson, D., Nicholls, E., Botias, C., & Rotheray, E. L. (2015). Bee declines driven by combined stress from
parasites, pesticides, and lack of flowers. Science 347(6229), 1255957.
https://doi.org/10.1126/science.1255957

Grace, A. (2010)Introductory biogeography to bees of the Eastern Mediterranean and Near East ed.).
Sussex, UK: Bexhill Museum.

Grassl, J., Holt, S., Cremen, N., Peso, M., Hahne, D., & Baer, B. (2018). Synergistic effects of pathogen and
pesticide exposure on honey beeApis melliferg survival and immunity. Journal of Invertebrate
Pathology, 159, 78286. https://doi.org/10.1016/j.jip.2018.10.005

Greenleaf, S. S., Williams, N. M., Winfree, R., & Kremen, C. (2007). Bee foraging ranges and their relationship
to body size.Oecologial53(3), 589z596. https://doi.org/10.1007/s00442 -007-0752-9

Griswold, T. L. (1985). A generic and subgeneric revision of thderiades genusgroup (Hymenoptera:
Megachilidae).Doctoral Dissertation, Utah State University. Department of Biolp897 pp.

Griswold, T. L. (1986). Notes on the nesting biology &frotosmia (Chelostomopsis) rubiflori{Cockerell).
The PanPacific Entomologist62, 84z87.

Griswold, T. L. (2013). New Palearctic bee species Bfotosmia subgenus Nanosmia (Hymenoptera:
Megachilidae).Journal of Melittology20, 1.https://doi.org/10.17161/jom.v0i20.4530

Guisan, A., Thuiller, W., & Zimmermann, N. E. (201Habitat Suitability and Distribution Models: With
Applications in Ri1st ed.). Cambridge University Press. https://doi.org/10.1017/9781139028271

Haider, M., Dorn, S., Sedivy, C., & Miiller, A. (2014). Phylogeny and floral hosts of a predominantly pollen
generalist group of mason bees (Megachilidae: Osmiini): Phylogeny and floral hosts @$mia
Biological Journal of the Linnean Society11(1), 78z91. https://doi.org/10.1111/bij.12186

Hallmann, C. A., Zeegers, T., Van Klink, R., Vermeulen, R., Van Wielink, P., Spijkers, H., Van Deijk, J., Van
Steenis, W., & Jongejans, E. (202@eclining abundance of beetles, moths and caddisflies in the
Netherlands. Insect Conservation and Diversity 13(2), 127z139.
https://doi.org/10.1111/icad.12377

Harmon-Threatt, A. (2020). Influence of Nesting Characteristics on Health of Wild Bee Communitidanual
Review of Entomologys5(1), 39z56. https://doi.org/10.1146/annurev -ento-011019-024955

Hartig, F. (2022). DHARMa: Residual Diagnostics for Hierarchical (Milével / Mixed) Regression Models_.
R package version 0.4.6ttp://florianhartig.github.io/DHARMa/



Hegland, S. J., Nielsen, A., Lazaro, A., BjerknesL A, & Tothnq, a. (gﬂlﬁ)@)does climate warming affect
Dl AT OZbi 11 ET A@dology EeltedsA A AGAELO5] Kixgs://doi.org/10.1111/j.1461 -
0248.2008.01269.x

Heinrich, B. (1993). The HotBlooded Insects: Strategies and Mechanisms of Thermoregulatidarvard
University Press. https://doi.org/10.4159/harvard.9780674418516

(AEAAR 28h &AOEAéh | A®BDADL #6RAT Ah #BOJ KAlpxAB AOOE(
threatened species in Czech Republic. Invertebrate§ AT OOOA 1T AEOAT U BGpOT AU A

(AOOAOAh #8 -8 jcenmpwqgs8 #1 1 BPIA@ 111Ccz0OAOI AUT AI EAO T &

montane habitats over two decades. Ecological Monographs 89(1), e01338.
https://doi.org/10.1002/ecm.1338

Herrmann, J. D., Beye, H., De La Broise, C., Hartlep, H., & Diekotter, T. (2Pb8}tive effects of the
pollinators Osmia cornuta(Megachilidae) and Lucilia sericata (Calliphoridae) on strawberry
quality. Arthropod-Plant Interactions 13(1), 71z77. https://doi.org/10.1007/s11829 -018-9636-7

Hijmans, R. J., Phillips, S., Leathwick, J., & Elith, J. (26#18no: Species Distribution Modelingp. 13z14)
[Dataset]. https://doi.org/10.32614/CRAN.package.dismo

Hogmo, O. (2019). FruktmurarbiOsmia cornuta(Latreille, 1805) (Hymenoptera: Megachilidae) funnet i
Eslove Ny art for Sverige Entomologisk Tidskrift 140(1), 69z72.

Holmstrém, G. (2014)Hoplitis anthocopoidesnew to the Swedish bee faun&ntomologisk Tidskrift 135(3),
105z108.

Howard, S. D., & Bickford, D. P. (2014). Amphibians over the edge: Silent extinction risk of Data Deficient
species.Diversity and Distributions20(7), 837z846. https://doi.org/10.1111/ddi.12218

Hyvérinen, E., Juslén, A., Kemppainen, E., Uddstrom, A., & Liukko, U. M. (28L8)nen lajien uhanalaisuus
Punainen kirja 2019/The 2019 Red List of Finnish Speci&snpdaristoministerio6 & Suomen
ymparistokeskus. http://hdl.handle.net/10138/299501

IPBES. (2016)The assessment report of the Intergovernmental ScieRodicy Platform on Biodiversity and
Ecosystem  Services on pollinators, pollination and food productionZenodo.
https://zenodo.org/record/3402857

IPCC. (2023)Climate Change 202% The Physical Science Basis: Working Group | Contribution to the Sixth
Assessment Report of the Intergovernmental Panel on Climate Chafgé ed.). Cambridge
University Press. https://doi.org/10.1017/9781009157896

)REER +8 jcmppQs8 2A0A AT A Al AAl EA Torkish Adirhaddf BotalyU A O A
https://doi.org/10.3906/bot -1012-90

IUCN. (2012a)Guidelines for application of IUCN Red List criteria at regional and national levels: Versiaon 4.0
Gland, Switzerland and Cambridge, UK: IUCN.

IUCN. (2012b).lUCN Red List Categories and Criteria: Version 3.1. Second ed@iand, Switzerland and
Cambridge, UK: IUCN.

Ivanov, S. P., & Fateryga, A. V. (2018). Nesting Biology of the Beglitis princepgMorawitz) (Hymenoptera,
Megachilidae) in Crimea. Entomological Review 98(8), 995z1005.
https://doi.org/10.1134/S0013873818080067

| A

)



Ivanov, S. P., Fateryga, A. V., & Milller, A. (2023). Brood cells like conifer cones: The peculiar nesting biology
of the osmiine beeHoplitis (Alcidamea) curvipes(Morawitz, 1871) (Hymenoptera, Megachilidae).
Journal of Hymenoptera Researd@6, 7357750. https://doi.org/10.3897/jhr.96.109587

)y UPOAT A8 O " AEDBA2A 1 8 Chelostoma rapunculi [Graphic].
https://www.flickr.com/photos/155780538 @NO08/

Jaureguiberry, P., Titeux, N., Wiemers, M., Bowler, D. E., Coscieme, L., Golden, A. S., Guerra, C. A., Jacob, U.,
Takahashi, Y., Settele, J., Diaz, S., Molnar, Z., & Purvis, A. (Z0&2Qirect drivers of recent global
anthropogenic biodiversity loss. Science Advances  8(45), eabm9982.
https://doi.org/10.1126/sciadv.abm9982

Johnson, D. J., & Stahlschmidt, Z. R. (2020jty limits: Heat tolerance is influenced by body size and
hydration state in an urban ant community. Ecology and Evolution 10(11), 4944z4955.
https://doi.org/10.1002/ece3.6247

Johnson, R. M. (2015). Honey Bee Toxicologhnnual Review of Entomology60(1), 415z434.
https://doi.org/10.1146/annurev -ento-011613-162005

Kalds, J. A., Viken, A., Henriksen, S., & Skjelseth, S. (E281)0). Norsk radliste for arter 2010 (The 2010
Norwegian Red List for specieshrtsdatabanken.

Kerr, J. T., Pindar, A., Galpern, P., Packer, L., Potts, S. G., Roberts, S. M., Rasmont, P., Schweiger, O., Colla, S. R.,
Richardson, L. L., Wagner, D. L., Gall, L. F., Sikes, D. S., & Pantoja, A. (2015). Climate change impacts
on  bumblebees converge acras continents. Science  349(6244), 177z180.
https://doi.org/10.1126/science.aaa7031

Khalifa, S. A. M., Elshafiey, E. H., Shetaia, A. AMdfled, A. A. A., Algethami, A. F., Musharraf, S. G., AIAjmi, M.
F., Zhao, C., Masry, S. H. D., AdHdaim, M. M., Halabi, M. F., Kai, G., Al Naggar, Y., Bishr, M., Diab, M.
A. M., & ElSeedi, H. R. @1). Overview of Bee Pollination and Its Economic Value for Crop
Production. Insects 12(8), 688. https://doi.org/10.3390/insects12080688

Kingsolver, J. G., Arthur Woods, H., Buckley, L. B., Potter, K. A., MacLean, H. J., & Higgins, J. K. (2011). Complex
Life Cycles and the Responses of Insects to Climate Changigrative and Comparative Biology
51(5), 719z732. https://doi.org/10.1093/icb/icr015

Klein, A-M., Vaissiere, B. E., Cane, J. H., Stelffawenter, |., Cunningham, S. A., Kremen, C., & Tscharntke, T.
(2007). Importance of pollinators in changing landscapes for world crop$2roceedings of the Royal
Society B: Biological Scienc&y4(1608), 303z313. https://doi.org/10.1098/rspb.2006.3721

Kline, O., & Joshi, N. K. (2020). Mitigating the Effects of Habitat Loss on Solitary Bees in Agricultural
EcosystemsAgriculture, 10(4), 115. https://doi.org/10.3390/agriculture10040115

Klug, B., Scharfettetehrl, G., & Scharfetter, E. (2002). Effects of Trampling on Vegetation above the
Timberline in the Eastern Alps, AustriaArctic, Antarctic, and Alpine ResearcB4(4), 377z388.
https://doi.org/10.1080/15230430.2002.12003508

Knauer, A. C., Alaux, C., Allan, M. J., Dean, R. R., Dievart, V., Glauser, G., Kiljanek, T., Michez, D., Schwarz, J. M.,
Tamburini, G., Wintermantel, D., Klein, AM., & Albrecht, M. (2022). Nutritional stress exacerbates
impact of a novel insecticideons | EOAOU AAAOS8 AAEAOET OPrdcecrg®adi AOAOE
the Royal Society B: Biological Sciences 289(1984), 20221013.
https://doi.org/10.1098/rspb.2022.1013

Koh, I., Lonsdorf, E. V., Williams, N. M., Brittain, C., Isaacs, R., Gibbs, J., & Ricketts, T. H. (2016). Modeling the
status, trends, and impacts of wild bee abundance in the United StatBsoceedings of the National
Academy of Sciencgkl3(1), 140z145. https://doi.org/10.1073/pnas.1517685113



Korner, C. (2004). Mountain Biodiversity, Its Causes and FunctiodMBIO: A Journal of the Human
Environment 33(sp13), 11. https://doi.org/10.1007/0044 -7447-33.sp13.11

Kougioumoutzis, K., Kaloveloni, A., & Petanidou, T. (2022). Assessing Climate Change Impacts on Island
Bees: The Aegean ArchipelagBiology, 11(4), 552. https://doi.org/10.3390/biology11040552

+00T EAh -8 $8h O 30AT EOAOI EAOEAh , 8 w8 j@smiacp@ada 01 POI A
and O. rufafor orchard pollination in Serbia (Hymenoptera: Megachilidae)Entomologia Generalis
29(1), 27z38. https://doi.org/10.1127/entom.gen/29/2006/27

Kunz, G. (2003). Osmia inermis the mountain bee [Graphic].
https://www.inaturalist.org/photos/50379262

Ladurner, E., Santi, F., Maccagnani, B., & Maini, S. (20BB}lination of caged hybrid seed red rape with
Osmia cornutaand Apis mellifera(Hymenoptera Megachilidae and ApidaeBulletin of Insectology
55, 9z712.

Le Goff, G., & Gongalves, A. R. (2018). Une nouvelle espécPrdmsmia DUCKE, 1900 découverte au
Portugal: Protosmia (Protosmia) lusitanicanov.sp. (Apoidea, Megachilidae, OsmiiniEntomofaung
39(1), 187z191.

Leclercqg, N., Marshall, L., Caruso, G., Schiel, K., Weekers, T., Carvalheiro, L. G., Dathe, H. H., Kuhimann, M.,
Michez, D., Potts, S. G., Rasmont, P., Roberts, S. P. M., Smagghe, G., Vandamme, P., & Vereecken, N. J.
(2023). European bee diversity: Taxonort and phylogenetic patterns.Journal of Biogeography
50(7), 124471256. https://doi.org/10.1111/jbi.14614

Lecocq, T., Dellicour, S., Michez, D., Lhomme, P., Vanderplanck, M., Valterova, I., Rasplug Rasmont, P.
(2013). Scent of a breakup: Phylogeography and reproductive trait divergences in the redailed
bumblebee (Bombus lapidarius). BMC Evolutionary Biology 13(1), 263.
https://doi.org/10.1186/1471 -2148-13-263

LeCroy, K. A., SaveBurke, G., Carr, D. E., Delaney, D. A., & Roulston, T. H. (2020). Decline of six native mason
bee species following the arrival of an exotic congenerScientific Reports 10(1), 18745.
https://doi.org/10.1038/s41598 -020-75566-9

Lindstedt, C., Lindstrém, L., & Mappes, J. (2008). Hairiness and warning colours as components of
antipredator defence: Additive or interactive benefits? Animal Behaviour 75(5), 1703z1713.
https://doi.org/10.1016/j.anbehav.2007.10.024

Litman, J. R. (2019). Under the radar: Detection avoidance in brood parasitic bed%hilosophical
Transactions of the Royal Society B: Biological Science374(1769), 20180196.
https://doi.org/10.1098/rstb.2018.0196

Litman, J. R., Praz, C. J., Danforth, B. N., Griswold, T. L., & Cardinal, S. (2013). Origins, evolution, and
diversification of cleptoparasitic lineages in longtongued bees.Evolution, 67(10), 298272998.
https://doi.org/10.1111/ev0.12161

Luedtke, J. A., Chanson, J., Neam, K., Hobin, L., Maciel, A. O., Catenazzi, A., Borzée, A., Hamidy, A., Aowphol, A.,
Jean, A., SosBartuano, A., Fong G., A., De Silva, A., Fouquet, A., Angulo, A., Kidov, A. A., Mufioz
Saravia, A., Diesmos, A. C., Tominags8 h 8 3 O00OAO0OOh 38 .8 jq¢mgoqQs8 /1CI
amphibians in the face of emerging threats. Nature, 622(7982), 308z314.

https://doi.org/10.1038/s41586 -023-06578-4

Lundgren, R., Lazaro, A., & Totland, @. (2015). Effects of experimentally simulated pollinator decline on
recruitment in two European herbs. Journal of Ecology 103(2), 328z337.
https://doi.org/10.1111/1365 -2745.12374



Lundin, O., Rundléf, M., Smith, H. G., Fries, |., & Bommarco, R. (2015). Neonicotinoid Insecticides and Their
Impacts on Bees: A Systematic Review of Research Approaches and Identification of Knowledge
GapsPLOS ONHO(8), e0136928. https://doi.org/10.1371/journal.pone.0136928

-Aci AGh -8h 7EIT1AOR 78h *Al EHT OUh -8h - AUOET £AOh
Guarino, R., Rotzer, H., Belonovskaya, E., Berastegi, A., Biurrun, |., Gllidagos, I., Masic, E.,
Dengler, J., & Dembicz, I. (2021). Xeric gsdands of the inneralpine dry valleys of Austriaz new
insights into syntaxonomy, diversity and ecologyegetation Classification and Survgy, 133157.
https://doi.org/10.3897/VCS/2021/68594

Manley, R., Boots, M., & Wilfert, L. (2015). REVIEW: Emerging viral disease risk to pollinating insects:
ecological, evolutionary and anthropogenic factorsJournal of Applied Ecology2(2), 331z7340.
https://doi.org/10.1111/1365 -2664.12385

Marsh, C. J., Syfert, M. M., Aletrari, E., Gavish, Y., Kunin, W. E., & Brummitt, N. (2023). The effect of sampling
effort and methodology on range size estimates of pooryecorded species for IUCN Red List
assessmentsBiodiversity and Conservatior82(3), 1105z1123. https://doi.org/10.1007/s10531 -
023-02543-9

Martinet, B., Dellicour, S., Ghisbain, G., Przybyla, K., Zambra, E., Lecocq, T., Boustani, M., Baghirov, R., Michez,
D., & Rasmont, P. (2021). Global effects of extreme temperatures on wild bumbleb&mservation
Biology, 35(5), 1507z1518. https://doi.org/10.1111/cobi.13685

Martinet, B., Zambra, E., Przybyla, K., Lecocq, T., Anselmo, A., Nonclercq, D., Rasmont, P., Michez, D., &
Hennebert, E. (2021). Mating under climate change: Impact of simulated heatwaves on the
reproduction of model pollinators. Functional Ecology  35(3), 7397752.
https://doi.org/10.1111/1365 -2435.13738

Martins, D. J. (2004). Foraging patterns of managed honeybees and wild bee species in an arid African
environment: Ecology, biodiversity and competition. International Journal of Tropical Insect
Science24(01). https://doi.org/10.1079/13T200411

Matias, D. M. S., Leventon, J., Rad,ABorgemeister, C., & Von Wehrden, H. (2017). A review of ecosystem
service benefits from wild bees across social contexts.Ambio, 46(4), 456z7467.
https://doi.org/10.1007/s13280 -016-0844-z

May, M. L. (1979). Insect Thermoregulation.Annual Review of Entomology24(1), 313z349.
https://doi.org/10.1146/annurev.en.24.010179.001525

McMahon, D. P., Wilfert, L., Paxton, R. J., & Brown, M. J. F. (2018). Emerging Viruses in Bees: From Molecules
to Ecology. In Advances in Virus Research(Vol. 101, pp. 25%291). Elsevier.
https://doi.org/10.1016/bs.aivir.2018.02.008

Meeus, I., Pisman, M., Smagghe, G., & Piot, N. (2018). Interaction effects of different drivers of wild bee
decline and their influence on hosgpathogen dynamicsCurrent Opinion in Insect Scienc26, 136&
141. https://doi.org/10.1016/j.cois.2018.02.007

Merckx, T., Souffreau, C., Kaiser, A., Baardsen, L. F., Backeljau, T., Bonte, D., Brans, K. I., Cours, M., Dahirel, M.,

Debortoli, N., De Wolf, K., Engelen, J. M. T., Fontaneto, D., Gianuca, A. T., Govaert, L., Hendrickx, F.,
Higuti, J., Lens, L., Martens, 8 h 8 6 AT $ U A E-hize Ehffts ip aquagicyadpsterrésirial U
urban communities.Nature, 558(7708), 113z116. https://doi.org/10.1038/s41586 -018-0140-0

Michener, C. D. (1979). Biogeography of the Begsnnals of the Missouri Botanical Garde66(3), 277.
https://doi.org/10.2307/2398833

Michener, C. D. (2007)The bees of the worl(?nd ed). Johns Hopkins University Press.

(8



Michez, D., Rasmont, P., Terzo, M., & Vereecken, N. J. (2888 of EuropaNAP éditions.

Minckley, R. L., Cane, J. H., & Kervin, L. (2000). Origins and ecological consequences of pollen specialization
among desert beesProceedings of the Royal Society of London. Series B: Biological Sgiences
267(1440), 265z271. https://doi.org/10.1098/rspb.2000.0996

Minckley, R. L., Roulston, T. H., & Williams, N. M. (2013). Resource assurance predicts specialist and
generalist bee activity in droughtProceedings of the Royal Society B: Biological Scier&381759),
20122703. https://doi.org/10.1098/rspb.2012.2703

Moriondo, M., Good, P., Durao, R., Bindi, M., Giannakopoulos, C., &-®edé J. (2006). Potential impact of
climate change on fire risk in the Mediterranean area.Climate Research 31, 85795.
https://doi.org/10.3354/cr031085

Muller, A. (1996). Convergent evolution of morphological specializations in Central European bee and
honey wasp species as an adaptation to the uptake of pollen from nototribic flowers (Hymenoptera,
Apoidea and Masaridae). Biological Journal of the Linnean Society57(3), 235z252.
https://doi.org/10.1006/bijl.1996.0013

Muller, A. (2006). Unusual host plant ofHoplitis pici, a bee with hooked bristles on its mouthparts
(Hymenoptera: Megachilidae: Osmiini). European Journal of Entomologyl03(2), 497z500.
https://doi.org/10.14411/eje.2006.064

Muller, A. (2012). New European bee species of the tribe Osmiini (Hymenoptera: Apoidea: Megachilidae).
Zootaxa 3355(1). https://doi.org/10.11646/zootaxa.3355.1.2

Mdller, A. (2014). PalaearctidHoplitis bees of the subgener&hlidoplitisand Megahoplitis (Megachilidae,
Osmiini): Biology, taxonomy and key to species. Zootaxg 3765(2).
https://doi.org/10.11646/zootaxa.3765.2.4

Mdller, A. (2015a). Nest architecture and pollen hosts of the boreoalpine osmiine bee speclégplitis
(Alcidamea) tuberculata(Hymenoptera, Megachilidae)Journal of Hymenoptera Research/, 5&
64. https://doi.org/10.3897/JHR.47.7278

Mdaller, A. (2015b). PalaearcticChelostomabees of the subgenussyrodromella(Megachilidae, Osmiini):
Biology, taxonomy and key to species. Zootaxa 3936(3).
https://doi.org/10.11646/zootaxa.3936.3.6

Mdller, A. (2015c). PalaearctidHoplitis bees of the subgenu#latosmia(Megachilidae, Osmiini): Biology,
taxonomy and key to speciesZootaxa 3936(1). https://doi.org/10.11646/zootaxa.3936.1.3

Mdller, A. (2016).Hoplitis (Hoplitis) galichicaespec. Nov., a new osmiine bee species from Macedonia with
key to the European representatives of théloplitis adunca species group (Megachilidae, Osmiini).
Zootaxg 4111(2). https://doi.org/10.11646/zootaxa.4111.2.5

Mdaller, A. (2017). PalaearcticProtosmia bees of the subgenusChelostomopsigMegachilidae, Osmiini):
Biology, taxonomy and key to species. Zootaxa 4227(2).
https://doi.org/10.11646/zootaxa.4227.2.9

Muller, A. (2020). PalaearcticOsmia bees of the subgeneraHemiosmia, Tergosmiaand Erythrosmia
(Megachilidae, Osmiini): Biology, taxonomy and key to speciesZootaxa 4778(2).
https://doi.org/10.11646/zootaxa.4778.2.1

Muller, A. (2022). PalaearctidOsmiabees of the subgenerallosmiaand Neosmia(Megachilidae, Osmiini):
Biology, taxonomy and key to species. Zootaxa 5188(3), 2017232.
https://doi.org/10.11646/zootaxa.5188.3.1



Miller, A. (2024). Palaearctic Osmiine Bees, ETH Zuridhttp://blogs.ethz.ch/osmiini (accessed 22 July
2024)

Miiller, A., & Griswold, T. (2017). Osmiine bees of the gendaetosmia(Megachilidae, Osmiini): Biology,
taxonomy and key to speciesZootaxg 4358(2). https://doi.org/10.11646/zootaxa.4358.2.8

Mdller, A., ~KretA)s,~A., &ﬁmiet, F. (1997I3;jenen: lVlitEeIeuropaeische Gattungen, Lebensweise, Beobachtung
- OAT AEAT ¢ . AOOO " OAES

Mdller, A., & Mauss, V. (2016). Palaearctidoplitis bees of the subgeneraFormicapis and Tkalcua
(Megachilidae, Osmiini): Biology, taxonomy and key to speciesZootaxg 4127(1).
https://doi.org/10.11646/zootaxa.4127.1.5

Mdiller, A., Mauss, V., & Prosi, R. (201Dnique nest architecture in the North African osmiine be&loplitis
(Hoplitis) mucida (Hymenoptera, Megachilidae).Journal of Hymenoptera ResearcB0, 997109.
https://doi.org/10.3897/jhr.60.20218

Mdiller, A., & Praz, C. (2024).iste rouge des abeilles. Especes menacées en Suisse.ﬁtaf.‘ﬂﬂ@@fédéral de
1 8AT OEOTTTAIT AT O j/71&w6q AO ET £ A£AAOT A8

Mdller, A., Praz, C., & Dorchin, A. (2018iology of PalaearcticWainia bees of the subgenusCaposmia
including a short review on snail shell nesting in osmiine bees (Hymenoptera, Megachilidae).
Journal of Hymenoptera Researd@b, 61789. https://doi.org/10.3897/jhr.65.27704

Mdller, A., Prosi, R., Praz, C., & Richter, H. (2019). Nesting in batke peculiar life history of the rare
boreoalpine osmiine beeOsmia (Melanosmia) nigriventrigHymenoptera, Megachilidae).Alpine
Entomology 3, 105z119. https://doi.org/10.3897/alpento.3.34409

Mdller, A., Prosi, R., Taylor, S., Richter, H., Herrmann, M., & Weibel, U. (2@2tijue nesting biology of
Osmia (Melanosmia) uncinataa Palaearctic osmiine bee specialized on thidkarked conifers
(Hymenoptera, Megachilidae). Alpine Entomology 4, 157z171.
https://doi.org/10.3897/alpento.4.53489

Mdller, A., & Richter, H. (2018). Dual function oPotentilla (Rosaceae) in the life history of the rare
boreoalpine osmiine bee Hoplitis (Formicapis) robusta (Hymenoptera, Megachilidae).Alpine
Entomology 2, 1392147. https://doi.org/10.3897/alpento.2.30158

Mdaller, A., & Trunz, V. (2014). Palaearctic osmiine bees of the gendrfferia and Stenoheriades
(Megachilidae, Osmiini): Biology, taxonomy and key to speciesZootaxa 3765(2).
https://doi.org/10.11646/zootaxa.3765.2.5

Nanetti, A., Bortolotti, L., & Cilia, G. (2021). Pathogens Spillover from Honey Bees to Other Arthropods.
Pathogens10(8), 1044. https://doi.org/10.3390/pathogens10081044

Neff, J. L. (2009). The Biology of Hoplitis (Robertsonella) simplex (Cresson), with a Synopsis of the Subgenus
Robertsonella Titus.Journal of Hymenoptera Researc8(2), 1517166.

Nieto, A., & Alexander, K. N. A. (201(uropean red list of saproxylic beetle®ublications Office of the
European Union. https://data.europa.eu/doi/10.2779/84561

Nieto, A., Roberts, S. P. M., Kemp, J., Rasmont, P., Kuhlmann, M., Garcia Criado, M., Biesmeijer, J. C., Bogusch,
P., Dathe, H. H., & De la Rua, P. (20EYropean red list of beesublications Office.

/8T TTAITTh -8 38h QO )CIEUEIh $8 !'8 jgmpcqQ8 "EIAI Ei AC
Conterminous United StatesU.S Geological Survey Data Series @691

E



Ollerton, J. (2021)Pollinators & pollination: Nature and societyPelagic Publishing.

Ollerton, J., Winfree, R., & Tarrant, S. (2011). How many flowering plants are pollinated by anim&#ds
120(3), 321z326. https://doi.org/10.1111/j.1600 -0706.2010.18644.x

Orr, M. C., Hughes, A. C., Chesters, D., Pickering, J., Zbu, & Ascher, J. S. (2021). Global Patterns and
Drivers of Bee Distribution. Current Biology 31(3), 451-458.e4.
https://doi.org/10.1016/j.cub.2020.10.053

Ovaskainen, O., & Meerson, B. (2010). Stochastic models of population extinctibrends in Ecology &
Evolution, 25(11), 643z652. https://doi.org/10.1016/j.tree.2010.07.009

Pardee, G. L., Griffin, S. R., Stemkovski, M., Harrison, T., Portman, Z. M., Kazenel, M. R., Lynn, J. S., Inouye, D.
W., & Irwin, R. E. (2022). Lifénistory traits predict responses of wild bees to climate variation.
Proceedings of the Royal Society B: Biological Scignc&89(1973), 20212697.
https://doi.org/10.1098/rspb.2021.2697

0AOI Uh !'8 j¢mpuQs8 #1i O )I100001Ii A0 0100 ,B38EAAT OEEAEAAOQI
(Hymenoptera: Apoidae) Il. MegachilidaeDocument de Travail Du Projet BELBEES.

Peat, J., Darvill, B., Ellis, J., & Goulson, D. (2086EAAAOO | £ Al EI AOA 11 ETOOAzZ AT A
El Adi Al BuAchohad OFcology 19(1), 145z151. https://doi.org/10.1111/j.0269 -
8463.2005.00946.x

Pereira, F. W., Carneiro, L., & Gongalves, R. B. (2021). More losses than gains in gimestthg bees over 60
years of urbanization.Urban Ecosystem=4(2), 233z242. https://doi.org/10.1007/s11252 -020-
01030-1

Peris, D., & Condamine, F. L. (2024). The angiosperm radiation played a dual role in the diversification of
insects and insect pollinators. Nature Communications 15(1), 552.
https://doi.org/10.1038/s41467 -024-44784-4

Petanidou, T., & Ellis, W. N. (1996)interdependence of native bee faunas and floras in changing
Mediterranean communities. InThe conservation of bee#cademic press.

Peters, D. S. (1974). Uber die UntergatturidaetosmiaPopov 1952 (Insecta: Hymenoptera: Megachilidae:
Osmig. Senckenbergiana Biologicgb5, 2932309.

0AOAOOh -8 +8h OAEOEAOh *8h 30AZEZEAT Z$AxAT OAOh )8h 0O (
performance and distribution of bees along elevational gradientslournal of Biogeographyt3(10),
2040z2049. https://doi.org/10.1111/jbi.12768

Peters, R. S., Krogmann, L., Mayer, C., Donath, A., Gunkel, S., Meusemann, K., Kozlov, A., Podsiadlowski, L.,
Petersen, M., Lanfear, R., Diez, P. A., Heraty, J., Kjer, K. M., Klopfstein, S., Meier, R., Polidori, C.,
3AEI EOOh 48h , E®HO. (28T7). Evolbtior@ly Histayrof the Hymierb itebeEurrent
Biology, 27(7), 1013z1018. https://doi.org/10.1016/j.cub.2017.01.027

Phillips, S. J., Du~d|’k, M., Elith, J., Graham, C. H., Lehmann, A., Leathwick, J., & Ferrier, S. (2009). Sample
OAl AAOGETT AEAO AT A POAOAT AAZiTi1 U AEOOOEAOOETT 114
absence dataEcological Applications19(1), 181z197. https://doi.org/10.1890/07 -2153.1

Plan Bleu. (2022).State of Play of Tourism in the Mediterranean, Interreg Med Sustainable Tourism
Community project.



Portman, Z. M., Orr, M. C., & Griswold, T. (2018)review and updated classification of pollen gathering
behavior in bees (Hymenoptera, Apoidea)Journal of Hymenoptera Researchil, 171z208.
https://doi.org/10.3897/jhr.71.32671

Potts, S. G., Biesmeijer, J. C., Kremen, C., Neumann, P., Schweiger, O., & Kunin, W. E. (2010). Global pollinator
declines: Trends, impacts and drivers.Trends in Ecology & Evolutign25(6), 345z353.
https://doi.org/10.1016/j.tree.2010.01.007

Potts, S. G., Biesmeijer, K., Bommarco, R., Breeze, T., Carvalheiro, L., Franzén, Gofaéle?. P., Holzschuh,
A., Kleijn, D., Klein, AM., Kunin, B., Lecocq, T., Lundin, O., Michez, D., Neumann, P., Nieto, A., Penev,
,8h 2A00 11 0h BenwiegrrAC RI1BIFakIb and teids df European pollinators: Key
findings of the STEP projecPensoft Publishers.

Potts, S. G., Dauber, J., Hochkirch, A., Oteman, B., Roy, D. B., Ahrné, K., Biesmeijer, K., Breeze, T. D., Carvell, C.,
Ferreira, C., FitzPatrick, U., Isaac, N. J. B., Kuussaari, M., Ljubomirov, T., Maes, J., Ngo, H., Pardo, A.,
011 AARh #8h 16008CEACT hO AlfPBopogithforcam g8 pollinator monitoring scheme
Publications Office of the European Union.

Potts, S. G., ImperatriFonseca, V., Ngo, H. T., Aizen, M. A., Biesmeijer, J. C., Breeze, T. D., Dicks, L. V., Garibaldi,
L. A., Hill, R., Settele, J., & Vanbergen, A. J. (2016). Safeguarding pollinators and their values to human
well-being.Nature, 540(7632), 220z229. https://doi.org/10.1038/nature20588

0i 006h 38 "8h 6011 EAIiUh "8h S$SAAIER !8h .AS :
Pl AT O0zpi 11 ETAOQT O Alii1 O1 EOGEAOG O AEEOAG #
Oikos 101(1), 103z112. https://doi.org/10.1034/j.1600 -0706.2003.12186.x

Al AT R
EAT CAO

- %

8
E

Potts, S. G., Woodcock, B. A., Roberts, S. P. M., Tscheulin, T., Pilgrim, E. S., Brown, V. K., & Tallowin, J. R. (2009).
Enhancing pollinator biodiversity in intensive grasslandsJournal of Applied Ecology6(2), 369z
379. https://doi.org/10.1111/j.1365 -2664.2009.01609.x

Praz, C., Muller, A., Bénon, D., Herrmann, M., & Neumeyer, R. (2@28)otated checklist of the Swiss bees
(Hymenoptera, Apoidea, Anthophila): Hotspots of diversity in the xeric inner Alpine valley&lpine
Entomology, 7, 219z267. https://doi.org/10.3897/alpento.7.112514

Praz, C., Miller, A., Danforth, B. N., Griswold, T. L., Widmer, A., & Dorn, S. (2008). Phylogeny and
biogeography of bees of the tribe Osmiini (Hymenoptera: Megachilidagylolecular Phylogenetics
and Evolution 49(1), 185z197. https://doi.org/10.1016/j.ympev.2008.07.005

Pritchard, D. J., & Vallejparin, M. (2020). Buzz pollination. Current Biology 30(15), R85&R860.
https://doi.org/10.1016/j.cub.2020.05.087

Prosi, R., Wiesbauer, H., & Miiller, A. (201®)istribution, biology and habitat of the rare European osmiine
bee speciesOsmia (Melanosmia) pilicornisHymenoptera, Megachilidae, Osmiini).Journal of
Hymenoptera Researgh?2, 1z736. https://doi.org/10.3897/jhr.52.10441

OUHAER 08h (Oii Ah 08 %ws8h 3EIi AAOI T £ZEh $8h "AAEAOh 38h
L. C., Genovesi, P., Jeschke, J. M., Kuhn, I, Liebhold, A. M., Mandrak, N. E., Meyerson, L. A., Pauchard,
A, Pergl,J.,Roy,H.E.,.Bdel Oh (8h 8 2EAEAOAOITh $8 -8 jqmgmnQs8 3
species.Biological Review95(6), 151171534. https://doi.org/10.1111/brv.12627

R Core Team. (2023). R: A Language and Environment for Statistical Computing_. R Foundation for
Statistical Computing, Vienna, AustrifComputer software]. <https://www.R -project.org/>.

Radchenko, V. G. (2009). Red Data Book of Ukraine. Bedgoidea. InRed Data Book of Ukraine. Animal
kingdom.(pp. 246z274). Globalconsulting.



Radchenko, V. G., & Pesenko, Y. A. (19849logy of bees (Hymenoptera: Apoide&oological Institute of the
Russian Academy of Sciences, St. Petersburg,.

Raine, N. E., & Rundléf, M. (2024pesticide Exposure and Effects on NeApis Bees.Annual Review of
Entomology 69(1), 551z576. https://doi.org/10.1146/annurev -ento-040323-020625

Rasmont, P., Franzen, M., Lecocq, T., Harpke, A., Roberts, S., Biesmeijer, K., Castro, L., Cederberg, B., Dvorak,
L., Fitzpatrick, U., Gonseth, Y., Haubruge, E., Mahe, G., Manino, A., Michez, D., Neumayer, J., Odegaard,
F., Paukkunen, J., Pawlikowski, B, 3AExAECAOh /8 j¢mpuvuQ8 #1 EI AOEA 2
European BumblebeesBioRisk 10, 1z236. https://doi.org/10.3897/biorisk.10.4749

Rasmont, P., Ghisbain, G., & Terzo, M. (20B)mblebees of Europe: And neighbouring regioN#\P éditions.

Rasmont, P., & Iserbyt, S. (2012). The Bumblebees Scarcity Syndrome: Are heat waves leading to local
extinctions of bumblebees (Hymenoptera: ApidaeBombus)? Annales de La Société Entomologique
de France (N.S.4#8(3z4), 275z280. https://doi.org/10.1080/00379271.2012.10697776

Ravoet, J., De Smet, L., Meeus, |, Smagghe, G., Wenseleers, T., & De Graaf, D. CW{@édgead
occurrence of honey bee pathogens in solitary bee3ournal of Invertebrate Pathologyl 22, 55z58.
https://doi.org/10.1016/}.jip.2014.08.007

Reemer, M. (2018).Basisrapport voor de Rode Lijst bijenEIS Kenniscentrum Insecten en andere
ongewervelden.

2A0A00ih 38h -EIEéEch -8h ! éAT OEEhR *8h !'TAOE¢h ! 8h I (
"1 OAEh *8h " OAOUOh %8h #AT O1 Z3A1 AUAOh ,8h #AO0O0O0I h
$O0EF06T Ah w8he MEBEROE8 hj ¢ B8ho@8 . AOET T Al OAAT OAO | A
species: A contribution to pollinator conservation.Insect Conservation and Diversit6(6), 758z
775. https://doi.org/10.1111/icad.12680

2ECAITh 38h $AEIT Oh 68h !'1 1101 h (8h ! OTEEHh ! 8h "ATE
$Al -1 OATh *8 #8h $iihAh #8h %OAAT AAT 1 h 68h &Il
(OOAUR - 8h ) ADevittds vV.HE2023D RarmfaBdipradices are driving bird population
decline across EuropeProceedings of the National Academy of Sciend&9(21), e2216573120.
https://doi.org/10.1073/pnas.2216573120

éh
OA

Rightmyer, M., Deyrup, M., Ascher, J., & Griswold, T. (2000Q%miaspecies (Hymenoptera, Megachilidae)
from the southeastern United States with modified facial hairs: Taxonomy, host plants, and
conservation status.ZooKeys148, 257z278. https://doi.org/10.3897/zookeys.148.1497

Rodrigo, A., Retana, J., & Pic6, F. X. (2004). Direct regeneration is not only response of Mediterranean forests
to large fires.Ecology 85(3), 716z729. https://doi.org/10.1890/02 -0492

21 NOAOz" ATEh ,8h 21 AOECih '8h ! Ol Alh 88h +1AETh !'8h &
measure hairiness in bees and other insect pollinatoré&cology and Evolution10(6), 2979z2990.
https://doi.org/10.1002/ece3.6112

Rozen, J. G., Ozbek, H., Ascher, J. S., Sedivy, C., Praz, C., Monfared, A., & Miiller, A. (2010). Nests, Petal Usage,
Floral Preferences, and Immatures oOsmia (Ozbekosmia) avoseftdegachilidae: Megachilinae:
Osmiini), Including Biological Comparisons with Other Osmiine BeeAmerican Museum Novitates
3680, 1z22. https://doi.org/10.1206/701.1

Rozen, J. G., & Praz, C. J. (2016). Mature Larvae and Nesting Biologies of Bees Currently Assigned to the
Osmiini  (Apoidea: Megachilidae). American Museum Novitates 3864(3864), 1z46.
https://doi.org/10.1206/3864.1



Russo, L., De Keyzer, C. W., Harrribreatt, A. N., LeCroy, K. A., & Maclvor, J. S. (2021). The mantmed
invasive species continuum in social and solitary bees and impacts on native bee conservation.
Current Opinion in Insect Scienc#6, 43z49. https://doi.org/10.1016/j.c0is.2021.01.001

Rust, R. W. (1980). Nesting biology ofloplitis biscutellae (Cockerell) (Hymenoptera: Megachilidae).
Entomological News91, 105z109.

Rust, R. W., & Clement, S. L. (1972). The BiologyQsfmia glaucaand Osmia nemoris(Hymenoptera:
Megachilidae).Journal of the Kansas Entomological Society, 523¢528.

3Al Abh +8h 6AOOAAOAh 28h S$EAEETOTTh -8 %s8h 'TAxETh *38
Franco, A., & Gage, M. J. G. (2018). Experimental heatwaves compromise sperm function and cause
transgenerational damage in a model insect. Nature Communications 9(1), 4771.
https://doi.org/10.1038/s41467 -018-07273-z

Sann, M., Niehuis, O., Peters, R. S., Mayer, C., Kozlov, A., Podsiadlowski, L., Bank, S., Meusemann, K., Misof, B.,
Bleidorn, C., & Ohl, M. (2018). Phylogenomic analysis of Apoidea sheds new light on the sister group
of bees BMC Evolutionary Biologyl8(1), 71. https://doi.org/10.1186/s12862 -018-1155-8

Saure, C., & Wagner, F. (2018Meriades rubicolaPérez 1890, eine fir Deutschland neue Bienenart
(Hymenoptera: Apiformes).Eucera 12, 7.

Schenk, M., Krauss, J., & Holzschuh, A. (2018). Desynchronizations irgjple@t interactions cause severe
fitness losses in solitary bees. Journal of Animal Ecology 87(1), 139z149.
https://doi.org/10.1111/1365 -2656.12694

Scott, S. (2007). Life Cycle of TunndNesting Bees [Graphic]. https://icpbees.org/wp -
content/uploads/2014/05/Brokaw -and-IsaacsE-3337-final-PDFfor-printing.pdf

Sedivy, C., & Dorn, S. (2014). Towards a sustainable management of bees of the subg@umsia
(Megachilidae; Osmig as fruit tree pollinators. Apidologie 45(1), 88z105.
https://doi.org/10.1007/s13592 -013-0231-8

Sedivy, C., Dorn, S., & Mdller, A. (201Byolution of nesting behaviour and kleptoparasitism in a selected
group of osmiine bees (Hymenoptera: Megachilidae): Nesting and Kleptoparasitism in Osmiine
Bees.Biological Journal of the Linnean Societ}08(2), 349z360. https://doi.org/10.1111/j.1095 -
8312.2012.02024.x

Sedivy, C., Dorn, S., Widmer, A., & Miller, A. (2018)st range evolution in a selected group of osmiine bees
(Hymenoptera: Megachilidae): the BoraginaceaEabaceae paradox: Osmiine bee host range
evolution. Biological Journal of the Linnean Sociefy08(1), 35z54. https://doi.org/10.1111/j.1095 -
8312.2012.02013.x

Sedivy, C., Praz, C. J., Mlller, A., Widmer, A., & Dorn, S. (2B&8grns of hostplant choice in bees of the
genus Chelostoma The constraint hypothesis of hostange evolution in beesEvolution, 62(10),
248772507. https://doi.org/10.1111/j.1558 -5646.2008.00465.x

Sekita, N. (2001). ManagingOsmia cornifronsto pollinate apples in Aomori prefecture, JapanActa
Horticulturae, 561, 303z307. https://doi.org/10.17660/ActaHortic.2001.561.46

Senapathi, D., Biesmeijer, J. C., Breeze, T. D., Kleijn, D., Potts, S. G., & Carvalheiro, L. GP@018pr
conservatiom? The difference between managing for pollination services and preserving pollinator
diversity. Current Opinion in Insect Science 12, 93%101.
https://doi.org/10.1016/j.c0is.2015.11.002



Settele, J., Bishop, J., & Potts, S. G. (2016). Climate change impacts on pollindétme Plants2(7), 16092.
https://doi.org/10.1038/nplants.2016.92

Sgolastra, F., Hinarejos, S., PitssET CAOh 48 ,8h "TUI Ah .8 +8h *1 OAPEh 4
Williams, N. M., & Bosch, J. (2019). Pesticide Exposure Assessment Paradigm for Solitary Bees.
Environmental Entomology48(1), 22z35. https://doi.org/10.1093/ee/nvy105

Skoulikidis, N. Th. (2021). Mountainous areas and river systems. Environmental Water Requirements in
Mountainous Areagpp. 1z50). Elsevier. https://doi.org/10.1016/B978 -0-12-819342-6.00009-9

SLU Artdatabanken. (2020)Rddlistade arter i Sverige 202[Elektronisk resurs]. SLU.

Soon, V. (2020)Eesti mesilaste~(Hy|:nenqpt~era: CoIIetidag, Andrenidae, Hanctjdae, Mel~ittidae, Megachilidae,
| PEAAAQ T EOOOAOOOA EET AAI EOA OO1I Al DOAA ¢ttt 8 3!
AAAOOOOET ¢co

Spinoni, J., Vogt, J. V., Naumann, G., Barbosa, P., & Dosio, A. (2018). Will drought events become more
frequent and severe in Europe?international Journal of Climatology 38(4), 1718z1736.
https://doi.org/10.1002/joc.5291

Stavert, J. R., Lind@embrano, G., Beggs, J. R., Howlett, B. G., Pattemore, D. E., & Bartomeus, |. (2016).
Hairiness: The missing link between pollinators and pollination. Peer) 4, e2779.
https://doi.org/10.7717/peerj.2779

Steinmann, E. (2002). Die Wildbienen (Apidae, Hymenoptera) einiger inneralpiner Trockentaler.
Jahresbericht Der Naturforschendehl1, 5726.

Stockham, A. J., Schultz, D. M., Fairman, J. G., & Draude, A. P. (QuiBiifying the RainShadow Effect:
Results from the Peak District, British IslesBulletin of the American Meteorological Societ§9(4),
7772790. https://doi.org/10.1175/BAMS -D-17-0256.1

Stout, J. C., & Morales, C. L. (2008Fological impacts of invasive alien species on beesidologie 40(3),
3887409. https://doi.org/10.1051/apido/2009023

Straub, L., Strobl, V., Yafiez, O., Albrecht, M., Brown, M. J. F., & Neumann, P. @022¥ticide and pathogen
interactions drive wild bee declines?nternational Journal for Parasitology: Parasites and Wildlife
18, 2327243. https://doi.org/10.1016/j.ijppaw.2022.06.001

Straub, P. (2009). 1 OAT A 161 O EA /EA E QGraphiz]. A httpsAvim@ifuli@ G A 8 8 8
sciences.com/planete/definitions/zoologie-osmie-cornue-11666/

Strickler, K. (1979). Specialization and Foraging Efficiency of Solitary Bedscology 60(5), 998z1009.
https://doi.org/10.2307/1936868

Sugiura, S., & Yamazaki, K. (2014). Caterpillar hair as a physical barrier against invertebrate predators.
Behavioral Ecology25(4), 975z983. https://doi.org/10.1093/beheco/aru080

terraincognita96. (2013). Osmia (Hoplitis) villosa f [Graphic].
https://www.flickr.com/photos/29697818@N03/9708558393

Testolin, R., Attorre, F., Borchardt, P., Brand, R. F., Bruelheide, H., Chytry, M., De Sanctis, M., Dolezal, J., Finckh,
M., Haider, S., Hemp, A., Jandt, U., Kessler, M., Korolyuk, A. Y., Lenoir, J., Makunina, N., Malanson, G.
08h -11OAOCET T DU DBEAh*8B B88HREIi1TAUZ!I £ZAOT h "8 jc¢m
alpine plant species richness. Global Ecology and Biogeography30(6), 1218z1231.
https://doi.org/10.1111/geb.13297



4EAT AT OT 6h o08h 2AAUAOE¢éEI O6h 28h 3A00AI Ah *8h 3AExAE
services enhanced with urbanization despite increasing pollinator parasitismProceedings of the
Royal Society B: Biological Sciences  283(1833), 20160561.
https://doi.org/10.1098/rspb.2016.0561

Thorp, R. W. (2000). The collection of pollen by beeBlant Systematics and Evolutiog222(1z4), 211z223.
https://doi.org/10.1007/BF00984103

Tiritelli, R., Flaminio, S., Zavatta, L., Ranalli, R., Giovanetti, M., Grasso, D. A., Leonardi, S., Bonforte, M., Boni,
C. B., Cargnus, E., Catania, R., Coppola, F., Di Santo, M., Pusceddu, M., Quaranta, M., Bortolotti, L.,
Nanetti, A., & Cilia, G. (2024)Ecological and social factors influence interspecific pathogens
occurrence among beesScientific Reports14(1), 5136. https://doi.org/10.1038/s41598 -024-

55718-x

4EAT Aijh "8 jpowytqs . AOA DAl RRWEhARIGAM AArcheradedmit AAO ' /
Beschreibung vonHofferiagen.N. (Hymenoptera, Apoidea, MegachilidaeAnnotationes Zoologicae
et Botanicae (Bratislava)158, 1z22.

Tobin, K. B., Mandes, R., Martinez, A., & Sadd, B. M. (2024). A simulated natural heatwave perturbs
bumblebee immunity and resistance to infection.Journal of Animal Ecology93(2), 171z182.
https://doi.org/10.1111/1365 -2656.14041

Tomé, H. V. V., Schmehl, D. R., Wedde, A. E., Godoy, R. S. M., Ravaiano, S. V., Guedes, R. N. C., Martins, G. F., &
Ellis, J. D. (2020). Frequently encountered pesticides can cause multiple disorders in developing
worker honey bees. Environmental Pollution 256, 113420.
https://doi.org/10.1016/j.envpol.2019.113420

Torchio, P. F. (1989).In-nest biologies and development of immature stages of thre®smiaspecies
(Hymenoptera: Megachilidae)Annals of the Entomological Society of Amerié2, 599615.

Torchio, P. F., & Asensio, E. (1985). The Introduction of the European B@smia cornutalatr., into the U.S.
as a Potential Pollinator of Orchard Crops, and a Comparison of Its Manageability wiflsmia
lignaria propinqua Cresson (Hymenoptera: Megachilidae)Journal of the Kansas Entomological
Society 42252.

Tosi, S., Nieh, J. C., Brandt, A., Colli, M., Fourrier, J., Giffard, H., Heraa@plez, J., Malagnini, V., Williams, G.
R., & SimorDelso, N. (2021). Longerm field-realistic exposure to a nexigeneration pesticide,
flupyradifurone, impairs honey bee béaviour and survival. Communications Biology4(1), 805.
https://doi.org/10.1038/s42003 -021-02336-2

Ungricht, S., Mller, A., & Dorn, S. (2008). A taxonomic catalogue of the Palaearctic bees of the tribe Osmiini
(Hymenoptera: Apoidea: Megachilidae). Zootaxg 1865(1).
https://doi.org/10.11646/zootaxa.1865.1.1

6 Al AOEh 28h %l EOEh *8h , AET UZ sLbdkGE AORpackaysfor yeddrating ' OEIT 1 /
spatially or environmentally separated folds fork Z £/ 1 A AO0T 00z OAI EAACET 1T 1T &£
models. Methods in Ecology and Evolutignl0(2), 225z232. https://doi.org/10.1111/2041 -
210X.13107

Van Der Meulen, F., & Salman, A. H. P. M. (1996). Management of Mediterranean coastal dOoean &
Coastal ManagemenB0(2z3), 177z195. https://doi.org/10.1016/0964 -5691(95)00060-7

6 AT 3xAAUh #8h #OOOAITAh ! 8h #111ETOh 38h -AAOh $8h
Verstrael, T., Warren, M., Wiemers, M., & Wynhof, I. (201@®uropean red list of Butterflies
Publications Office of the European Union. https://data.europa.eu/doi/10.2779/83897



Vanbergen, A. J., Espindola, A., & Aizen, M. A. (2017). Risks to pollinators and pollination from invasive alien
speciesNature Ecology & Evolutioy2(1), 16z25. https://doi.org/10.1038/s41559 -017-0412-3

Vanbergen, A. J., & Initiative, T. I. P. (2013). Threats to an ecosystem service: Pressures on pollinators.
Frontiers in Ecology and the Environmerit1(5), 251z259. https://doi.org/10.1890/120126

Vicens, N., & Bosch, J. (2000). WeathBependent Pollinator Activity in an Apple Orchard, with Special
Reference to Osmia cornuta and Apis mellifera (Hymenoptera: Megachilidae and Apidae).
Environmental Entomology29(3), 413z420. https://doi.org/10.1603/0046 -225X-29.3.413

Vicens, N., Bosch, J., & Blas, M. (1993). Andlisis de 10s nidos de algDsasa(Hymenoptera, Megachilidae)
nidificantes en cavidades preestablecida®©rsis 8, 41752.

VilchezRussell, K. A., & Rafferty, N. E. (2024). Effects of heat shocks, heat waves, and sustained warming on
solitary bees.Frontiers in Bee Scien¢g, 1392848. https://doi.org/10.3389/frbee.2024.1392848

6 OEEch !''8h ' ElI AAOOh &8h &I ETTh "8h %l Cl AEEATI Ah %8
28h 30UI ATER !'8h OAT 30AATEOh 78h ! OAAEI h ! 8
0AT T AOAOR ' 8 Wma,l @022)Rollinatdreidn the &ife: Gur European hoverflies. The
European Red List of HoverflieSBuropean Commission.

Wade, A., Lin, €., Kurkul, C., Regan, E. R., & Johnson, R. M. (2019). Combined Toxicity of Insecticides and
Fungicides Applied to California Almond Orchards to Honey Bee Larvae and Adulisects 10(1),
20. https://doi.org/10.3390/insects10010020

Wagner, D. L. (2020). Insect Declines in the Anthropocen®nnual Review of Entomolog®¥5(1), 457z480.
https://doi.org/10.1146/annurev -ento-011019-025151

Walsh, J. E., Ballinger, T. J., Euskirchen, E. S., Hanna, E., Mard, J., Overland, J. E., Tangen, H., & Vihma, T. (2020).
Extreme weather and climate events in northern areas: A reviewEarth-Science Review209,
103324. https://doi.org/10.1016/j.earscirev.2020.103324

Warncke, K. (1991)Die BienengattungOsmiaPanzer, 1806, ihre Systematik in der Westpaldaarktis und ihre
Verbreitung in der Tlrkei. 9. Die UntergattungAnnosmiasubg. N.Linzer Biologische Beitrage23,
3072336.

Warzecha, D., Diekétter, T., Wolters, V., & Jauker, F. (201&yaspecific body size increases with habitat
fragmentation in wild bee pollinators. Landscape Ecology 31(7), 1449z1455.
https://doi.org/10.1007/s10980 -016-0349-y

Wei, R., Cao, L., Feng, Y., Chen, Y., Chen, G., & Zheng, H. (2022). Sacbrood Virus: A Growing Threat to
Honeybees and Wild PollinatorsViruses14(9), 1871. https://doi.org/10.3390/v14091871

Westrich, P. (1989)Die wildbienen baderwirttembergs. Stuttgart: Ulmer.
Westrich, P. (2019).Die Wildbienen Deutschland ERLAG EUGEN ULMER.

Westrich, P., Frommer, U., Mandery, K., Riemann, H., Ruhnke, H., Saure, C., & Voith, J. (2011). Rote Liste und
Gesamtartenliste der Bienen (Hymenoptera, Apidae) Deutschlands. Rote liste gefahrdeter tiere,
pflanzen und pilze deutschlandévol. 3, pp. 37%416). Bundesamt fur Naturschutz.

Wickham, H. (2016).ggplot2: Elegant Graphics for Data Analys{&8nd ed. 2016). Springer International .
00AIl EOEET C ¢ )i PDPOET O 3DPOERBRBGAMI7TBOODPOYTTAI E8BT OCTp



Wiesmair, M., Otte, A., & Waldhardt, R. (2017). Relationships between plant diversity, vegetation cover, and
site conditions: Implications for grassland conservation in the Greater CaucasW&iodiversity and
Conservation26(2), 273z291. https://doi.org/10.1007/s10531 -016-1240-5

Williams, N. M., Crone, E. E., Roulston, T. H., Minckley, R. L., Packer, L., & Potts, S. G. (2010). Ecological and
life-history traits predict bee species responses to environmental disturbancesBiological
Conservation143(10), 2280z2291. https://doi.org/10.1016/j.biocon.2010.03.024

Willmer, P. G., & Stone, G. N. (2004). Behavioral, Ecological, and Physiological Determinants of the Activity
Patterns of Bees. InAdvances in the Study of Behaviqivol. 34, pp. 347466). Elsevier.
https://doi.org/10.1016/S0065 -3454(04)34009-X

Winfree, R. (2010). The conservation and restoration of wild bee#\nnals of the New York Academy of
Sciencesl195(1), 169z197. https://doi.org/10.1111/j.1749 -6632.2010.05449.x

Winfree, R., Bartomeus, I., & Cariveau, D. P. (2014ative Pollinators in Anthropogenic Habitats Annual
Review of Ecology, Evolution, and Systematid8(1), 1z22. https://doi.org/10.1146/annurev -
ecolsys102710-145042

Wisz, M. S., Hijmans, R. J., Li, J., Peterson, A. T., Graham, C. H., Guisan, A., & NCEAS Predicting Species
Distributions Working Group. (2008). Effects of sample size on the performance of species
distribution models. Diversity and Distributions14(5), 763z773. https://doi.org/10.1111/j.1472 -
4642.2008.00482.x

Wood, T. J. (2022). Protosmia asensioi [Graphic].
https://www.flickr.com/photos/thomaswood734/51848316015/in/photolist  -2pUngsc
25yyZNY-7FfKDR 7HMzaXx7FjBw7-7THRvsu7THMzzz7FADYX2g5bqgrD-7FRork-2g5bcLQ
7FRosrUIGA83JSAaTRPMZEaZz22mZBatr-jdn8K7-2525qZt+-2iVL4VG25Vuzo3-28FygKe
2g1WgcX/

Woodcock, B. A., Isaac, N. J. B., Bullock, J. M., Roy, D. B., Garthwaite, D. G., Crowe, A., & Pywell, R. F. (2016).
Impacts of neonicotinoid use on longerm population changes in wild bees in EnglandNature
Communications7(1), 12459. https://doi.org/10.1038/ncomms12459

70AAAOR 48h 3ET AAOT An 08h 3A1 EHEAOh ! Mdvinib©Odbtivi " 8h " A
I COT LATEE OAOOI ET OEEE E PrilogaF1d Arhddifig RepublRedSovedije. OAA é E  (
http://www.uradni -list.si/1/objava.jsp?urlid=200282&stevilka=4055

Wu, X., Li, Z., Yang, H., He, X., Yan, W., & Zeng, Z. (2023). The adverse impact on lifespan, immunity, and forage
behavior of worker bees @Apis melliferaLinnaeus 1758) after exposure to flumethrinScience of The
Total Environment 858, 160146. https://doi.org/10.1016/j.scitotenv.2022.160146

Yang, L. H., Postema, E. G., Hayes, T. E., Lippey, M. K., & MacWrétr, D. J. (2021). The complexity of
global change and its effects on insectsCurrent Opinion in Insect Sciencet7, 90z7102.
https://doi.org/10.1016/j.cois.2021.05.001

Zattara, E. E., & Aizen, M. A. (2021). Worldwide occurrence records suggest a global decline in bee species
richness.One Earth4(1), 114z123. https://doi.org/10.1016/j.oneear.2020.12.005

Zhao, H., Li, G., Guo, D., Li, H., Liu, Q., Xu, B., & Guo, X. (2021). Response mechanisms to heat stress in bees.
Apidologie 52(2), 3882399. https://doi.org/10.1007/s13592 -020-00830-w

Zizka, A., Silvestro, D., Andermann, T., Azevedo, J., Duarte Ritter, C., Edler, D., Farooq, H., Herdean, A., Ariza,
M., Scharn, R., Svantesson, S., Wengstrom, N., Zizka, V., & Antonelli, A. (ZOTHDINATELEANER
Standardized cleaning of occurrence records from biological collection databasegethods in
Ecology and Evolutionl0(5), 744z751. https://doi.org/10.1111/2041 -210X.13152






Appendices

Appendix 1. The criteria (A-E) used to evaluate the Threatened category of a taxon. Retrieved from
IUCN (2012b)

A. Population size reduction. Population reduction (measured over the longer of 10 years or 3 generations) based on any of A1 to A4

_ Endangered Vulnerable

A1l > 90% >70% > 50%
A2, A3 &A4 > 80% >50% > 30%
A1 Population reduction observed, estimated, inferred, or suspected in (a) direct observation [except A3]

understood AND have ceased. appropriate to the taxon

A2 Population reduction observed, estimated, inferred, or suspected in the (c) a decline in area of occupancy
past where the causes of reduction may not have ceased OR may not be | beisedd (AOO), extent of occurrence
understood OR may not be reversible. asedon (EOO) and/or habitat quality

A : ; ; " any of the
A3 Population reduction projected, inferred or suspected to be met in the / following: ~ (d) actual or potential levels of
future (up to a maximum of 100 years) [(a) cannot be used for A3]. [ exploitation

A4 An observed, estimated, inferred, projected or suspected population (e) effects of introduced taxa,

the past where the causes of the reduction are clearly reversible AND (b) an index of abundance

=

reduction where the time period must include both the pastand the future hybridization, pathogens,
(up to amax. of 100 years in future), and where the causes of reduction may | pollutants, competitors or
not have ceased OR may not be understood OR may not be reversible. parasites.

B. Geographic range in the form of either B1 (extent of occurrence) AND/OR B2 (area of occupancy)

_ Endangered Vulnerable

B1. Extent of occurrence (EOO) <100 km? < 5,000 km? < 20,000 km?
B2. Area of occupancy (AOO) <10 km? < 500 km? < 2,000 km?
AND at least 2 of the following 3 conditions:

(a) Severely fragmented OR Number of locations = <5 <10

(b) Continuing decline observed, estimated, inferred or projected in any of: (i) extent of occurrence; (ii) area of occupancy; (iii) area,

extent and/or quality of habitat; (iv) number of locations or subpopulations; (v) number of mature individuals

(c) Extremefluctuationsinany of: (i) extent of occurrence; (ii) area of occupancy; (iii) number of locations or subpopulations; (iv) number
of mature individuals

C. Small population size and decline

_ Endangered Vulnerable

Number of mature individuals <250 < 2,500 < 10,000
AND at least one of C1 or C2

C1. An observed, estimated or projected continuing decline 25.?6 gt‘nyai?;:or Z%er\’:r):; r:sor lo;ﬁ;:r\]e(:;?g:s oL
of at least (up to a max. of 100 years in future): (whichever Isblonger) (whichever is longer) (whichever is longer)
C2. An observed, estimated, projected or inferred continuing
decline AND at least 1 of the following 3 conditions:
(a) (i) Number of mature individuals in each subpopulation <50 <250 < 1,000
(i) % of mature individuals in one subpopulation = 90-100% 95-100% 100%

(b) Extreme fluctuations in the number of mature individuals

D. Very small or restricted population

_ Endangered Vulnerable

D. Number of mature individuals <50 <250 D1. <1,000

D2. Only applies to the VU category D2, tupically:
Restricted area of occupancy or number of locations with R R ’ AOOy<p 20 kym2 o
a plausible future threat that could drive the taxon to CR

orEX in a very short time number of locations <5

E. Quantitative Analysis

_ Endangered Vulnerable

>50%in10yearsor3  >20% in 20 years or 5
generations, whichever generations, whichever
is longer (100 years is longer (100 years
max.) max.)

Indicating the probability of extinction in the wild to be: >10% in 100 years




Appendix 2. Lists of databases used to gather trle occurrence records(atAth e date oj August 2023). A
4EA O5,";34%0;0,5306 AAOAAAO xAO OEA 11 Ahem@Adia £ O OE
represent the data before cleaning process.

Database names Data providers Row data
ULB_STEP_PLUS N.J. Vereeken 1,543,382
Andrenidae_ BDFGM P. Rasmont 603,861
Switzerlands_GBIF C. Praz 449,827
Netherlands_EIS M. Reeme 359,970
SAPOLL_BDFGM P. Rasmoh 321,038
Sweden_Artportalen L. Petterss 299,921
Halictidae_ BDFGM S. Flaminio 245,716
Finland_GBIF J. Paukkunen 196,879
Estonia_UniversityOfTartu V. ®on 138,743
Megachilidae_ BDFGM P. Rasmont 133,114
Norway_GBIF F. @ddegaard 129,901
Finland_LUOMUS J. Paukkunen 102,216
Anthophorinae_ BDFGM P. Rasmont 90,836
Estonia_GBIF V. ®on 80,966
Iberia_lgnasiBartoumeus |. Bartomeus 74,746
Finland_AmateurEntomologist J. Paukkunen 66,365
Nomada_JanSmit J. Smit 51,090
Bees_JakubStraka J. Straka 44,889
Melittidae_ BDFGM P. Rasmont 25,028
France_JeroenSchepe J. Scheper 17,563
Andrena_ThomasJamesWood T. J. Wood 15,923
Austria_Zobodat E. Ockermueller 14,865
Osmiini_AndreasMulle r A. Muller 14,215
Eucera_StephanRisch S. Risch 11,512
Boshommel_DavidKleijn D. Kleijn 11,228
Cuckoobees_PetrBogusch P. Bogusch 11,182
Luxemburg_GBIF L. C. Salazar 11,032
Russia_literature L. Fedorova 10,535
LinzMuseum E. Ockermi 9, 308
SURMZ_Sapienza M. Mei 7,593
CzechRepublic_PetrBogusch P. Bogusch 6,924
Hylaeus_SergeGadoum S. Gadoum 6,630
GrandiCollection L. Lenzi, F. Glostra 5,617
Belgium_WilliamFiordaliso W. Fiordaliso 5,152
Serbia_SonjaStojnic S. M. Stojnic 4,302
Austria_ NHMW_DominiqueZimmermann D. Zimmermann 3,520
Baleariclslands_JoanDiazCalafat J. D. Calafat 3,467
Lithuania_EduardasBudrys E. Budrys 3,339
Italy_MarcoSelis M. Selis 1,996
Netherlands_DavidKleijn D. Kleijn 1,932
KobeJanssen K. Janssen 1,819
Anthidiini_MaxKasparek M. Kasparek 1,044
Portugal_HugoGaspar H. Gaspar 977
Halictus_ Ebmer S. Flaminio 912
Bosnia_AdiVesnic A. Vesnic 744
Romania_ImreDemeter |. Demeter 664
Italy_SimoneFlaminio S. Flaminio 587




Coelioxys_PetrBogusch P. Bogusch 568
Cyprus_AndroullaVarnava A. Varnava 513
Cyprus_RemiSanterre_JordanBenrezkallah R. Santerre, J. Benrealah 337
Corsica_PYves_MGiberneau P-Y. Maestracci & M. Giberneat 126
Dioxyini_PetrBogusch_NHM P. Bogusch 15




Appendix 3. European distribution maps of osmiine bees.13 speciesre not represented due to the lack
of records.The coloursrepresent the periodvhen thecoordinateswere recorded White: no available date;
red: recorded before 1950; yellow: recorded between 1950 and 2000; green: recorded after 2000.
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