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Abstract

Megachile (Chalicodoma) parietina (Geoffroy, 1785) is a Palearctic solitary bee included in the Red List of some central
European Countries. Females build durable nests, reused year after year, by mixing soil with a salivary secretion. Like
for most solitary bees, the resources contained within M. parietina nests attract several other insects which exploit pol-
len supplies or feed on the immature brood. These associated insects have mainly been studied for mantained bees and
considered for their effect on the host reproductive success.

A very large nesting aggregation of M. parietina in Central Tuscany has been studied for three consecutive years. We
have identified 32 associated insect species, which certainly are an underestimate of the species present. Among the iden-
tified species, only eight had been previously reported for M. parietina. All the species were classified both according to
the specificity for the host taxon (Chalicodoma, Megachilidae, Anthophila, Hymenoptera, Others) and to the ecological
relationship (cleptoparasites, parasitoids, predators of larvae, food commensal, scavengers, and occasional nest users).

This highlighted both the richness of the ecological network within the nesting aggregation and the value of studying
these nesting sites to fill Eltonian shortfalls, i.e. the deficiency in ecology knowledge, of bees and their associated fauna.

Implications for insect conservation.

We suggest that, besides their role in pollination, large and stable bee nesting sites increase the local insect biodiversity,
and that attention should be paid to their conservation within actions aimed to support populations of wild pollinators.
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Introduction that 9% of the about 2,000 native and naturalized species are

threatened with extinction and about 8% are declining at a

Recent reviews point out the decline of insects worldwide,
among which pollinators and in particular wild bees (Hyme-
noptera, Apoidea, Anthophila) are among the taxa undergo-
ing a faster decline (Sanchez-Bayoa and Wyckhuys 2019;
Zattara and Aizen 2021). For Europe, it has been estimated
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population level (Nieto et al. 2014). However, as about 60%
of the European species still require to be evaluated, due to
data deficiency (Rasmont et al. 2017), the actual number of
threatened species could be higher.

Since bees are considered the most efficient pollinator
taxon, their decrease may affect wild flowering plants and
raises concern because of their importance as crop pollina-
tors (Allen-Wardell et al. 1998; Klein et al. 2007). Besides
the trophic link with flowering plants, bees are also part of
complex ecological networks with other insects, mainly
because their immature brood and the food provisioned
into the cells are very valuable nutrients exploited by other
species (Wcislo and Cane 1996; Falk and Lewington 2018;
Scheuchl and Willner 2016). Insects associated with bees
are very diverse in their taxonomy and ecology and the
literature about insects exploiting bee resources is often
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fragmentary. This is a clear example of Eltonian shortfalls,
i.e. of the shortage of knowledge on species’ interactions
that limits a full understanding of the ecological networks
(Hortal et al. 2015). These insects often referred to as “natu-
ral enemies”, have been mainly investigated for their impact
on bees maintained for their pollination service (Kruni¢ et
al. 2005), while their effect on populations of wild bees is
unknown (Danforth et al. 2019). Besides negative effects, a
diverse bee parasite fauna may act as a driver contributing
to maintaining a diverse wild bee community, for example
by reducing competition from the most abundant species
(Hudson et al. 2006; Ashby and King 2017; Brown 2022).

Bee parasites are very diverse both in terms of taxonomy
and ecology and the classification of their parasitic relation-
ship with the hosts is far from being univocal. Parasites
exploiting resources in bee nests are also found within the
same Anthophila, where species of the so-called cuckoo
bees are highly specialised in exploiting the nest resources
of other bees (Michener 2007; Litman 2019). Cuckoo bees
have independently evolved many times (Michener 2007)
and are found in four out of the seven bee families (Dan-
forth et al. 2019), representing about 13% of bee species
worldwide, and about one-fourth in Europe (Danforth et
al. 2019, Bogusch et al. 2006). Concerning host specificity
about one-fourth of cuckoo-bees parasitizes one single spe-
cies, while most of the others invade 2—5 species (Bogusch
et al. 2006).

In addition to cuckoo bees, parasitoids developing on or
inside bee larvae and/or pupae, predators of bee brood, and
competitors for provisioned food are found among several
hymenopteran taxa such as in the superfamilies Chalcidoi-
dea, Evanioidea, Chrysidoidea, and in the family Mutillidae,
but also among dipterans, e.g., within bee flies (Bombyli-
idae), satellite flies (Sarcophagidae, Miltogramminae), and
Phoridae, in coleopterans (e.g., Meloidae and Cleridae), and
strepsipterans. Within these taxa, bee-associated species dif-
fer in the ranges of hosts they can exploit (Pérn et al. 2015;
Ronchetti and Polidori 2020). Some are generalists over a
wide number of bee species, such as some Trichodes spe-
cies (Coleoptera: Cleridae), whose larvae prey on bee lar-
vae (Danforth et al. 2019). Generalists are also found among
parasites laying their eggs in closed cells, as in the case of
several Monodontomerus species (Chalcidoidea: Torymi-
dae), which can parasitize bees belonging to several differ-
ent genera, and, in some cases, also non-bee hosts (Grissell
2007). On the contrary, other species adopting this same
parasitic strategy, such as some Leucospis species (Chalci-
doidea: Leucospidae) are specialised over one single or a
few hosts (Baur and Amiet 2000). Such a strict relationship
is certainly due to specialisation in the biology of the para-
sites, which require synchronisation with their hosts, mor-
phological and physiological adaptations, as well as a very
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specialised behaviour. Besides parasites that show a certain
degree of specialisation, even in the case of generalists,
many opportunistic insects and mites may take advantage
of the resources contained within the nests of solitary bees
(Falk and Lewington 2018; Scheuchl and Willner 2016).
Finally, bee cells can be valuable shelters or nests for other
insects, including other solitary bees, especially if they are
built of durable materials.

In this study, we report the results of a three-year study
of the insect fauna associated with a large nesting aggre-
gation of Megachile parietina (Geoffroy, 1785) (previously
known as Chalicodoma muraria (Olivier, 1789)). Although
the biology of this species is quite well known and previ-
ous studies, including the seminal ones by Jean-Henry
Fabre, have reported some insect species associated with
it (File SF2), the specimens observed on the nest aggrega-
tion readily showed several additional species, whose eco-
logical interaction with M. parietina was undescribed. This
prompted us to extend our observation over a longer time.

Like in the other species belonging to the subgenus Chal-
icodoma, the nests of M. parietina built by mixing salivary
secretions with clay, sand, and pebbles (Michener 2007,
Fabre 1879, 1882), have a “stony” texture (Bonelli and
Campadelli 1990) and are very durable. Since we observed
that nests are used year after year, M. parietina is an interest-
ing case to study the fauna associated with a species form-
ing persistent aggregations and to acquire new information
about the ecological interactions among wild bees and their
associated entomofauna. These data contribute to outline a
very complex network of ecological relationships centred on
M. parietina and filling up knowledge about the insect fauna
associated with this and with other solitary bees. Moreover,
we describe some previously unreported life-history traits
of M. parietina, which allow us to describe the ecology of
this species which has been reported as endangered in some
European countries.

Materials and methods
Study area

The studied nest aggregation is in a private estate in the
countryside in the Council of Montespertoli, in Tuscany,
Italy. Most nests are found on a horizontal 11-meter-long
metal beam (with an H-shaped section) oriented along
the NE-SW direction and supporting the roof of an open
barn (43°38°50.9” N, 11°01°09.7” E); the beam is located
180 cm from the ground. Both faces of the beam are com-
pletely covered by nests (Fig. 1).

Several other separated nests are found in the barn and
the remains of a second much larger aggregation were found
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Fig. 1 A few cells within the studied nesting aggregation of Megachile parietina

on the walls of another shelter located at about 250 m, which
some years earlier was sprayed with insecticides, accord-
ing to the people living nearby. During spring 2017 the first
aggregation was occupied by several dozen of M. parietina
females, while we only observed few females on the second
one; for this reason, specimen sampling was concentrated
on the first nesting aggregation.

Females of this species, which are black and large, are
regarded with a certain fear when numerous and close to
human activities and attempts to get rid of them are prob-
ably not uncommon.

Fieldwork
M. parietina nest association

Observations of M. parietina in the nesting site were per-
formed from April to the end of June in the years 2017, 2018
(at about 7-day intervals) and 2019 (at about 3—4-day inter-
vals), from about 9:30 to 13:30, the time of the day when we
observed that insects were most active.

During spring 2019, we individually marked, with a com-
bination of different colours of nail polish, all the females
caring for the cells located along a 3.4 m section of the
beam; the marked females were then counted on the entire
nesting site during the following days, until the end of the
flight period. These data were used to estimate the number
of females present.

Soil and pollen samples

To describe the building effort and the foraged plants, we
collected samples of soil material and of pollen from females
(respectively N=10 and N=9) returning to their cells after
a building or a foraging flight (Fig. 2). Samples were anal-
ysed according to the methods reported in File SF1.

Specimen sampling

To describe the entomological fauna associated with the
nest aggregation, specimen collections were performed
from April to the end of June in the years 2017, 2018 (at
about 7-day intervals) and 2019 (at about 3—4 day intervals).
Observations and insect collection were performed mostly
from about 9:30 to 13:30. Specimens found on the nest
aggregation while inspecting nest cells, laying eggs, flying
repeatedly around the cells or lurking close to the cells were
collected using forceps or with a net. For the species pres-
ent in high numbers (i.e., Anthrax anthrax Schrank 1781,
Coelioxys aurolimbata Forster, 1853, Leucospis dorsigera
Fabricius, 1775, L. gigas Fabricius, 1793, Monodonto-
merus aeneus (Fonscolombe, 1832), Spogostylum tripunc-
tatum (Wiedemann, 1820), Stelis nasuta (Latreille, 1809)),
only some among the present specimens were collected.
Each insect was singly inserted in an Eppendorf or Falcon
vial and kept at about 10 °C until brought to the lab and
frozen. The number of specimens sampled for each species
is reported in tab. ST1.
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Fig.2 (A and B) A Megachile parietina female collecting building material and modelling it on the nest. (C) Pollen on abdominal brushes (D) A
female visiting Sulla (Italian sainfoin) (Hedysarum coronarium L.) flowers. (Picchi G. photographer)

Nest sampling and insect rearing

To describe the nest structure, during spring 2017, 16 iso-
lated nests, with already closed cells, were carefully col-
lected. These nests were transferred to the laboratory and
maintained at room temperature within transparent plas-
tic boxes which were checked periodically for emerging
insects. Finally, the nest structure was studied and described
(File SF1).

Insect identification
An insect collection was prepared from the specimens cap-

tured in the field (about 200 specimens) and from those that
emerged from the nests maintained in the laboratory (about
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260 plus very numerous Melittobia acasta individuals). A
few specimens of each species were pinned, for a total of
102 specimens, while others were kept at -20 °C for fur-
ther studies, including DNA barcoding based on sequencing
of the cytochrome ¢ oxidase I (COXI) gene. The collec-
tion is housed at the Department of Biology, University of
Florence.

Anthophila determination based on morphological char-
acters was made by the authors and by Simone Flaminio.
The other specimens were kindly identified by expert taxon-
omists, namely Mauro Gori for Lauxaniidae, Daniele Som-
maggio for Bombyliidae, Michele Zilioli for Chrysididae,
Luca Bartolozzi for Cleridae, Morgan Azzoni for Dermesti-
dae, Mario Boni Bartalucci and Guido Pagliano for Leucos-
pidae, Mario Boni Bartalucci for other Hymenoptera.
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For most species, one leg of one or more individuals (or
the entire individual in the case of very small specimens)
was soaked in 0.1 ml of ethanol in a 95 dwell plate and sent
to BOLD (http://www.boldsystems.org/) for DNA barcod-
ing. Altogether 37 sequences of the fauna associated with
M. parietina have been successfully generated for the proj-
ect named “PARIE - Megachile parietina associated fauna”.

Ecological and taxonomic relationships

For each identified species literature was carefully searched
to clarify the ecological relationship of the identified species

with M. parietina and other bees. Associated species were
classified into 6 ecological categories (Table 1, ST1, File

SF2, Table ST2):

e Parasitoids. In the first phases of their life, the species
develop on or inside one single host individual, and this
leads to the host’s death (Eggleton and Elshaw 1992).
Both ecto- and endo-parasitoids are found among bee

parasitoids (Danforth et al. 2019).

e (Cleptoparasites, i.e., species whose larvae feed on the
pollen and nectar provisions of the host. When parasites
develop on the food supply of one single host specimen

Table 1 Species found associated with Megachile parietina in this study, and their classification according to the specificity of the host taxa, and

to ecological relationships

SPECIFICITY OF TAXONOMIC ORDER FAMILY SPECIES ECOLOGICAL
RELATIONSHIP RELATIONSHIP
Previously unreported species
Unknown Hymenoptera Megachilidae ~ Megachile centuncularis (Linnaeus, 1758)  Occasional nest user
Unknown Hymenoptera Megachilidae ~ Megachile ericetorum Lepeletier, 1841 Occasional nest user
Unknown Hymenoptera Megachilidae ~ Osmia bicornis (Linnaeus, 1758) Occasional nest user
Unknown Hymenoptera Megachilidae ~ Osmia cornuta (Latreille, 1805) Occasional nest user
Unknown Hymenoptera Megachilidae  Osmia caerulescens (Linnaeus, 1758) Occasional nest user
Unknown Hymenoptera Megachilidae  Rhodanthidium septemdentatum (Latreille, — Occasional nest user

1809)
Unknown Hymenoptera Ichneumonidae Agenioideus cinctellus Spinola, 1808 Occasional nest user
Unknown Hymenoptera Ichneumonidae Amblyteles armatorius (Forster, 1771) Occasional presence
Unknown Hymenoptera Ichneumonidae Trychosis legator (Thunberg, 1824) Occasional presence
Unknown Hymenoptera Ichneumonidae Dichrogaster modesta (Gravenhorst, 1829)  Occasional presence
Unknown Hymenoptera Psenidae Psenulus pallipes (Panzer,1798) Occasional presence
Unknown Hymenoptera Vespidae Euodynerus posticus (Herrich-Schaeffer, Occasional nest user

1841)
Unknown Diptera Lauxaniidae Minettia tabidiventris (Papp, 1877) Scavenger
Generalist Coleoptera Dermestidae Attagenus pellio (Linnaeus, 1758) Food commensal
Hymenoptera Hymenoptera Ichneumonidae Stenarella domator (Poda, 1761) Parasitoid
Mainly Anthophila Diptera Bombyliidae  Anthrax anthrax Schrank 1781 Parasitoid
Anthophila Coleoptera Cleridae Trichodes alvearius (Fabricus, 1792) Predator of larvae
Anthophila Coleoptera Dermestidae Trogoderma cfr versicolor (Creutzer, 1799)  Food commensal
Anthophila Coleoptera Dermestidae Trogoderma sp. Food commensal
Mainly Megachilidae Hymenoptera Gasteruptiidae  Gasteruption jaculator (Linnaeus, 1758) Parasitoid
Mainly Megachilidae Hymenoptera Chrysididae Chrysis marginata aliunda Linsenmaier, Cleptoparasite

1959
Mainly Megachilidae Hymenoptera Chrysididae Chrysis sexdentata Christ, 1791 Cleptoparasite
Megachilidae Hymenoptera Leucospidae Leucospis dorsigera Fabricius, 1775 Parasitoid
Megachilidae Coleoptera Cleridae Trichodes apiarius (Linnaeus, 1758) Predator of larvae
Already reported in literature
Unknown Diptera Bombyliidae Spogostylum tripunctatum (Wiedemann, Parasitoid

1820)
Hymenoptera Hymenoptera Chrysididae Chrysura radians (Harris, 1776) Cleptoparasite
Mainly Anthophila Hymenoptera Eulophidae Melittobia acasta (Walker, 1839) Cleptoparasite
Mainly Megachilidae Hymenoptera Torymidae Monodontomerus aeneus (Fonscolombe, Parasitoid

1832)
Mainly Megachilidae Coleoptera Ptinidae Ptinus sexpunctatus Panzer, 1789 Predator of larvae
Mainly Chalicodoma Hymenoptera Megachilidae  Coelioxys aurolimbata Forster, 1853 Cleptoparasite
Chalicodoma Hymenoptera Megachilidae  Stelis nasuta (Latreille, 1809) Cleptoparasite
Chalicodoma Hymenoptera Leucospidae Leucospis gigas Fabricius, 1793 Parasitoid
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and food consumption leads to the death of the host,
such a biological relationship should be more prop-
erly named cleptoparasitoidism (Eggleton and Elshaw
1992), while Danforth and coworkers (2019), call such
parasites nest depredators. Cleptoparasite species are
quite common among different families of Anthophila,
including the family Megachilidae, and are referred to
as cuckoo bees (or brood-parasite bees). In most of these
species, adults differ remarkably from nonparasitic spe-
cies, for the absence of structures to collect pollen and
to build nests (Danforth et al. 2019). Moreover, adult
females of some brood-parasitic bees have an armoured
exoskeleton entailed with ridges and spines as protec-
tion against the attack of host bees. Their larvae may
have strong, sharp, and pointed mandibles in species
that are also hospicidal. Because brood-parasitic bees
generally have one or a few host species (Litman et al.
2013) they can be rare, and more prone to local extinc-
tion than non-parasitic species (Danforth et al. 2019).
For this reason, parasite bees have been suggested to be
good indicators of the entire bee community (Sheffield
et al. 2013). Three cuckoo bee species, Stelis nasuta
(Latreille, 1809) and Coelioxys aurolimbata Forster,
1853 and Dioxys cincta (Jurine, 1807) are known for M.
parietina (Comba 2015).

e Predators consume adult and immature bees whose death
is more or less instantaneous (Danforth et al. 2019).
Moreover, predators, contrary to parasitoids, may con-
sume more than one prey (Eggleton and Elshaw 1992).
Predation is not necessarily limited to the early stages of
the prey. However, since we only sampled specimens on
M. parietina nests, while we did not consider the bees
while foraging on flowers, we missed all those species
capturing adults while away from the nests, such as crab
spiders (Tomisidae), hornets (Vespidae) or robber flies
(Asilidae).

e Commensal, i.e., species living, at least occasionally,
within the nest whose use of host resources has a limited
effect on host fitness (Danforth et al. 2019).

e Scavengers are species that consume the remains of
immature hosts after they have developed into adults
(Danforth et al. 2019).

e (Occasional nest users, i.e., species using nests of other
insects. Among bees, the use of other species’ nests
could also correspond to interspecific usurpation (facul-
tative interspecific parasitism), but limited observations
have been reported in this regard (Danforth et al. 2019).

Moreover, each species was also classified according to
the specificity to one of the following host taxa: subgenus
Chalicodoma, Megachilidae, Anthophila, Hymenoptera,
other taxa.
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Ecological network

A network of the ecological relationships between the spe-
cies identified during the present study was constructed
using Cytoscape (Shannon et al. 2003). The network draw-
ing represents: the ecological category; the number of other
species with which each species interacts (either as an active
partner, e.g. as a predator or as a passive partner, e.g. as
a prey); the frequency of observations; the kind of knowl-
edge about the interaction between any couple of species,
i.e. observed in the study, described in the literature, or sup-
posed from the literature but never specifically described.
The network nodes have been first spatially clustered
according to ecological category and then ordered to maxi-
mise clarity of visualisation.

A further network was constructed by removing the focal
species M. parietina and the insects having M. parietina or
the Chalicodoma subgenus as the only or main host.

Results
M. parietina nesting association

Females and males emerge in the second half of April, and
the first females caring for the nests are observed about a
week later when males are no more present (Fig. 3). Only
a few females are present at the end of June. Remarkably,
each year the flight season corresponded to the flowering
period of Sulla (Italian sainfoin Hedysarum coronarium L.),
a Mediterranean fodder plant grown on clayey soils, which
was present next to the nests. The Sulla turned out to be the
main plant visited by M. parietina (Fig. 2C) which contrib-
uted in a relevant manner to its fruit set (file SF1, fig. S4
therein). Most plants were withered in the last week of June
when only a few M. parietina were still active on their nests
(Fig. 3).

During spring 2019, a total of 193 M. parietina females
were individually marked on an 0.80 m” surface of the beam.
Since the cells were evenly distributed on the surface, we
could estimate that about 660 adult females were active on
the barn nests (2.70 m?) over the flight period of the species.
All females were observed to re-use old cells and only a
few empty cells were present at the end of the flight season.
Once cells were sealed, new ones were built on top or close
to the old ones. Distances between cells used by different
females ranged from 1 to 5 cm. In the same year, no new
isolated nests were observed, although a few newly funded
isolated nests were seen in the previous two years.

The highest number of females was found at the begin-
ning of May with a density over the nesting surface of
1.6 females/dm?. The number of females decreased quite
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Fig. 3 Number of Megachile parietina females active on a limited sur-
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the main parasites sampled in front of the nests. For the more abundant
parasites (see text) only a few specimens were sampled; therefore, the
actual number of these insects was much higher than shown. Single-

rapidly during the flight season; we assumed that a large
fraction of females either dispersed or died. In fact, we
observed females on their cells for a period ranging from
2 to 52 days (Fig. 3). Most cleptoparasites and parasitoids
were present at the end of May and in June when they were
more numerous than the host.

During the second half of June, most M. parietina
females were observed to lay a thick layer of building mate-
rial to cover the already closed cells.

Nest structure

The structure of single nests is described in file SF1. By con-
sidering the weight of the soil brought during each building
flight, we estimated that the construction of a single nest,
with the possible contribution of females over more years,
may require about 3.000 flights.

Identification of associated insect species

32 different species were identified among the specimens
collected on the nesting site and those that emerged from the
nests brought to the laboratory (460 specimens in total, plus
very numerous Melittobia acasta individuals). The list of
the species, the specificity to the host taxa, and their classi-
fication according to the biological categories, as discussed
above, are reported in Table 1, while table ST1 and file SF2
also report details about their identification and biology.
All the identifications based on morphological traits were
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headed solid arrows show the dates when some species were observed
to emerge from M. parietina nests, the dotted arrow indicates the date
when most Sulla plants were withered; the double-headed arrow indi-
cates the time when most cells had been already closed and M. pari-
etina females build an external layer over the cells

confirmed through the comparison of COXI, with a few
exceptions.

Ecological and taxonomic relationships

Although some parasites and possible nest users were
already known for M. parietina (Table ST1), more than two-
thirds of the identified species (24 out of 32) have never been
reported before. This can be due to the large nest aggrega-
tion which attracts other insects that build their nests on dry
vertical surfaces and in turn attract their parasites, further
increasing the number of present species. However, some
species reported by previous authors were not found in the
present study (Table ST1).

Briefly, based on literature information, the specificity to
the host taxa could not be assigned for 14 species (Table 1),
and among these, eight, mainly other megachilid bees, were
considered occasional nest users. Although interspecific
nest usurpation among bee species with overlapping flight
periods is also possible, we never observed a direct interac-
tion between females of these species and M. parietina and,
to the best of our knowledge, such observations have never
been reported. Two species can be considered emblematic of
the shortage of ecological information, the bombyliid spe-
cies Spogostylum tripunctatum (Wiedemann, 1820), which
to the best of our knowledge has only been reported for M.
parietina (Bonelli and Campadelli 1990), and the lauxaniid
fly Minettia tabidiventris (Papp, 1877) whose biology is
unknown and that we classified as a scavenger. Out of the
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six species classified as predators of larvae and food com-
mensals, only one had been previously reported for our
focal bee species. Respectively seven and six species were
classified as parasitoids and cleptoparasites, whose hosts are
mainly megachilid bees.

Figure 4.a shows the ecological relationships between
the species identified in the present study, as resulting from
our observations and the available literature. Black and
grey arrows, indicating respectively relationships we have
reported for the first time and those already known, show
the richness and complex ecological network supported by
M. parietina. Such richness is considerably increased by
the six no parasitic megachilid species using M. parietina
nests. Interestingly these bees, together with other species
classified as occasional nest users (Table 1 and ST2), are
in the same number as cleptoparasites and parasitoids and
this supports our hypothesis that even the “empty nests” are
indeed a very valuable resource. According to the literature
information, most of the species using organic resources
(pollen, immature brood, and insect remains), may interact
with more species of the network (e.g., Coelioxys aurolim-
bata, that may find two different hosts species in the nest-
ing site), increasing connectance and also the possibility of
tri-trophic interactions (e.g., Leucospis dorsigera, that may
parasitise bees classified as occasional nest users).

The importance of the bare nests for the ecological net-
work is shown in Fig. 4.b where, after removing M. parietina
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and species having it or the Chalicodoma subgenus as hosts,
85.2% of the ecological relationships were maintained.

Discussion

In the present work, we report and describe the insect fauna
associated with a large Megachile parietina nesting aggre-
gation and we describe some aspects of the foraging biology
and the nest structure and building behaviour of this spe-
cies. The studied nest aggregation had been first noticed in
2017 but given the number of adult females (approximately
660 females in spring 2019), the beam has likely been suc-
cessfully colonised for several years, thanks also to the
abundance of Sulla (Hedysarum coronarium L.), which we
found to be the favoured plant for pollen foraging, and the
abundance of loose soil, used as nesting material (File SF1).

In addition to M. parietina, 32 other insect species were
present; most of them were identified both based on the
morphology and through barcoding based on the COXI
gene sequence. To the best of our knowledge, this is the first
barcoding project where a solitary bee and its associated
fauna have been studied. The reported number of species
is certainly lower than those present, as it is also proved
from organic remains found in the collected nests for which
the species could not be identified. M. parietina nests are
very hard and durable and are therefore a valuable and
costly resource that is reused year after year not only by this
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same species but also by several additional bees and other
insects. Based on the available information on their biology,
including diet, hosts, and environment, only four species
were classified as occasional visitors, while for all the oth-
ers a biological relation could be proposed. Several species,
among which six other megachilid bees, have been found
and were considered occasional nest users. Their presence
likely increases the local entomological biodiversity since
we also identified cleptoparasites and parasitoids associated
with these bees.

Interestingly, only eight of the identified species have
been previously reported for M. parietina. This shows that
also for a quite common and well-known bee species, there
are shortfalls (Hortal et al. 2015) in the ecological relation-
ships with the “natural enemies” and, more generally, with
the associated entomofauna. The taxonomic diversity and
the several different ecological roles we observed high-
lighted the complexity and, for some species, the redun-
dancy of the relationships within the nesting association
(Fig. 4a).

Based on these results, long-lasting associations of bee
nests appear as point-like hotspots of local insect biodiver-
sity and seem to offer very favourable conditions to increase
knowledge on pollinator ecology and their associated fauna.

Large and stable nesting aggregations of solitary bees
have been reported for many species, mainly ground-nest-
ing, belonging to the families Andrenidae, Apidae, Halic-
tidae and Melittidae (Danforth et al. 2019). The conditions
favouring such large aggregations on a limited space are
probably the coexisting presence of a suitable soil texture
and feeding plants supporting a large number of larvae.
Compared to most bee species nesting in aggregations,
M. parietina is quite unique in that it can be considered an
ecosystem engineer since its persistent stony-like nests can
modify the very local environment and create new microhab-
itats suitable for other insect species. Similarly to what we
have observed, large nesting sites of other bees are expected
to attract a rich entomofauna. Therefore, investigating them
could both reveal unreported associations between species
and help to understand the role of solitary bees within eco-
logical networks, besides their role as pollinators. Moreover,
sampling from bee nests or cells is a straightforward way to
fill up Eltonian shortfalls for bees and associated insects in
that information could also be gained from DNA barcoding
or metabarcoding of the organic remains, of both animal and
vegetal origin.

So far, bee “natural enemies” have been mainly investi-
gated either to describe the biology of some target species or
to investigate the impact of parasites on bees maintained for
their pollination services (Kruni¢ et al. 2005), while there
has been limited interest in the diversity of these associ-
ated faunas, that as it happens in general for parasites, is

far from being considered charismatic (Carlson et al. 2020;
Rubio-Godoy and Pérez-Ponce de Ledn 2023). This attitude
reflects a lack of consideration for parasites in conservation
biology (Carlson et al. 2020).

However, a species-specific relationship can have a dra-
matic effect on the parasites in the case of host decline and
eventually lead to co-extinction. Although according to the
IUCN, M. parietina is classified in the Least Concern (LC)
of extinction risk category (Dewulf and Praz 2014), this
species is included in the National Red List (or Red Data
Books) of Switzerland (VU — Vulnerable; Amiet 1994),
Czech Republic (EN — In Danger; Farkac et al. 2005), Nor-
way (RE — extinct in the region, Kalas et al. 2010) and Ger-
many (CR — Critically endangered; Westrich et al. 2011),
and a remarkable decline has been documented in France,
due to the reduction of Fabaceae cultivation (Miiller et al.
2006; Rasmont et al. 2003; Patiny et al. 2009; Vereecken
et al. 2010). Therefore, in these countries, also the most
strictly associated insect parasites (Stelis nasuta, Coelioxys
aurolimbata, Dioxys cincta, Leucospis gigas, Meloe eryth-
rocnemus, Zonitis nana) are expected to follow a similar
trend.

Many programs and initiatives aimed to support local
populations of wild bees and favour the awareness of their
ecological importance have been recently undertaken in
several countries. We propose that, within these programs,
more attention should be paid to the protection and conser-
vation of bee nesting sites, in particular for gregarious spe-
cies, given their high biodiversity potential. Knowing the
fauna associated with bee nest aggregations could also help
to understand how wild bees contribute to local biodiversity.

So, we suggest this as a holistic approach to be con-
sidered both in the investigation of bee biology as well
as in management and maintenance actions for pollinator
communities.
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