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ABSTRACT: A photo documentation of a sleeping aggregation of Amegilla quadrifasciata (Villers, 1789) subspecies
maderae (Sichel, 1867), endemic to the Madeira Archipelago, is presented. About 40 males rested together on
withered twigs of Ageratina adenophora (Asteraceae), attached to stems by their mandibles. Many specimens had
the body slightly angled horizontally or stretched out slightly curved, with the legs positioned near the body, the
wings closed over the abdomen, and the antennae slightly bent backwards. The individuals were concentrated close
together and formed a clumped aggregation.

The phenomenon of sleeping aggregations, their occurrences, the physiological knowledge of aggregations,
behaviour at the roost, and the structure and size of aggregations, as well as the reasons for this phenomenon, are
introduced with general remarks about this phenomenon.

Keywords: Amegilla, Anthophoridae, digger bee, Madeira Archipelago, aggregation of males, roosting, solitary
bees, sleeping behaviour.
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RESUMO: Apresenta-se documentacao fotografica de uma agregacdao de machos adormecidos de Amegilla

quadrifasciata (Villers, 1789) subespécie maderae (Sichel, 1867), endémica do Arquipélago da Madeira. Cerca de

quarenta machos repousavam juntos em galhos murchos de Ageratina adenophora (Asteraceae), presos aos caules

pelas mandibulas. Muitos exemplares apresentavam o corpo ligeiramente inclinado na horizontal ou estendido,

ligeiramente curvado, as patas posicionadas junto ao corpo, as asas fechadas sobre o abdémen e as antenas

ligeiramente dobradas para tras. Os individuos concentravam-se préximos uns dos outros e formavam uma agregacao

amontoada.

O fenémeno das agregacdes de individuos adormecidos, as situagdes em que ocorrem, o conhecimento

fisiologico, o comportamento no “poleiro”, a estrutura e dimensao das agregacoes, assim como as razoes para o

mesmo acontecer sdo discutidas na generalidade.

Palavras-chave: Amegilla, Anthophoridae, abelha escavadora, arquipélago da Madeira, agregacao de machos,

abelhas solitarias, comportamento de dormir.

INTRODUCTION

On 10 September 2022, a sleeping aggregation of
Amegilla quadrifasciata maderae (Sichel, 1867), endemic
to the Madeira Archipelago (KratocHwiL et al., 2018, 2022),
was detected for the first time with about 40 males resting
on dried stems of Ageratina adenophora (Asteraceae) on
Madeira Island (Fig. 1). Although sleeping aggregations
have been reported in other species of the genus Amegilla
(Banks, 1902; RAYMeNT, 1935; ALDiNi, 1994; Yokol & WATANABE,
2014; Yokol et al., 2014, 2016; Sanpeer & MuTHURAMAN, 2018),
this is the first published record of an A. quadrifasciata
aggregation.

The phenomenon of sleeping aggregations is
widespread in insects and is found especially within
Hymenoptera taxa (Fiesrig, 1912; FriscH, 1918; BiscHOFF,
1927; Grasst, 1942; Evans & LinsLey, 1960; LinsLey, 1962;
Darni et al., 1981; WesTricH, 1990; Kazenas & Tosias, 1993;
O’NEiLL, 2001; KL, 2003; Waisto, 2003). The specific types
of sleeping behaviour in the different hymenopteran
taxa, concerning the fixation to a substrate (mandibles,
legs) and the orientation of the body (position of the
head, thorax, abdomen, antennae), are highly diverse.
Species-specific differences in these features also occur
within a genus. Individuals may furthermore form linear
or clumped aggregations. The roosting sites are often
visited regularly over a longer time period, and, in some
cases, there is a certain degree of site fidelity of specimens
to plant species, individuals, or twigs (ScHREMMER, 1955;
Kaiser, 1995; ALcock, 1998; Ouveira & CasTro, 2002; WaisLo,
2003; ALves-Dos-SaNTos et al., 2009; Siva et al., 2011; SANDEEP
& MuTHURAMAN, 2018). The phenomenon of sleeping
aggregations within the Hymenoptera is discussed in
detail.’

Background: Amegilla quadrifasciata maderae
and the observed aggregation

Taxonomic and ecological characterization of
Amegilla quadrifasciata maderae

Amegilla quadrifasciata (Villers, 1789) has a wide
transpalearctic distribution and, according to ScHeucHL
& WiLNErR (2016), occurs from the Canary Islands and
Portugal - via North Africa, Southern and Eastern Europe,
Ukraine, and Southern Russia — to Siberia. Furthermore,
via Asia Minor, Caucasus, Central Asia, Northern China,
and Mongolia, it reaches Japan. In Europe, its northern
distribution border reaches Luxembourg, Germany,
Poland, and Ukraine. In the south, A. quadrifasciata occurs
in Sudan, Ethiopia, and Yemen and reaches Northern India.

Amegilla quadrifasciata maderae (Sichel, 1868)
is an endemic subspecies of the Madeira Archipelago.
SicHeL (1868) described A. maderae as a separate species.
The species status was accepted by Acrken (1940). Dours
(1869), on the other hand, regarded the specimens from
the Madeira Archipelago only as a variety (maderae)
of A. quadrifasciata. Liertinck (1956, 1958) also assigns
the specimens from the Madeira Archipelago to A.
quadrifasciata. According to KratocHwiL et al. (2022), it is a

! All taxa names used in this publication were checked for validity
by A.K.; for this purpose, many older publications were evaluated.
Only the names that are valid today were used, and synonyms
were corrected. As these are valid names, we did not add the
names of the authors for reasons of space and better reading.
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Fig. 1 - Sleeping aggregation of males of the digger bee Amegilla quadrifasciata maderae (Sichel, 1867); Eira da Achada (Ribeira da Janela), 10
September 2022, 7 pm, observed and photographed by Neide Gouveia. Males with orange-red and with yellowish abdominal bands occur.

subspecies of A. quadrifasciata, which can be classified as a
melanistic form of the nominate taxon. In addition to the
black to dark brown pubescence of the head and thorax,
A. g. maderae has orange-reddish to yellowish tergite hair
bands in contrast to the nominate form, which has light
brownish thoracic hairs and whitish to white hair bands.
In A. quadrifasciata, the tergite hair bands are as wide as
the tergite depression; in A. g. maderae, the hair bands are
much narrower. The genital morphology is not different
from that of the nominate taxon, and a molecular genetic
investigation confirms the affiliation to one species
(KraTocHwiIL, unpublished).

Amegilla q. maderae is a typical bee species of
the dry, lower subhumid vegetation stages of the island
Madeira (KratocHwiL et al., 2022). Echium plantagineum and
E. nervosum are the most important pollen and nectar
sources of this polylectic species (KratocHwiL et al., 2022).
Amegilla g. maderae flies all year round. The colonies of
this ground-nesting species are mostly located near larger
Echium nervosum stands, often growing in the vicinity of
cliffs. Larger Echium populations also act as attractors.

The sleeping aggregation of
Amegilla quadrifasciata maderae
with a comparison to other Amegilla species

In Eira da Achada (Ribeira da Janela, Madeira Island),
a sleeping aggregation of about 40 males of Amegilla
quadrifasciata maderae (Sichel, 1867) was detected
on dried branches and twigs of Ageratina adenophora
(Asteraceae) by Neide Gouveia on 10 September 2022 at
7 pm local time. The males had attached themselves to
the twigs with their mandibles. In many cases, the body
was slightly angled horizontally or stretched out slightly
curved, the legs were situated near the body, the wings
were closed over the abdomen, and the antennae were
slightly bent backwards. The individuals were located
close together and formed a clumped aggregation.

The males had different colours of the thoracic
hairs and the hair bands of the tergites (Fig. 1). There were
specimens with orange-yellow pubescence in the anterior
part of the mesothorax, dark brown to orange-yellow
pubescence in the posterior part, dark brown pubescence
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on the scutellum, and orange-yellow abdominal bands.
Other specimens had predominantly yellowish hairs in
the thoracic region with yellow abdominal bands (Fig. 1).
LierTiNck (1958) already mentioned that conspicuous age-
related changes in the colour of the pubescence can occur
in A. quadrifasciata (fresh individuals with vivid colours,
older individuals with pale and pallid colours). Obviously,
this is less related to age than to the colour polymorphism
of this melanistic species, which is even more pronounced
in females than in males.

The phenomenon of sleeping aggregations is well
known within the genus Amegilla and is mentioned for
the following species: A. bombiformis (Ravment, 1935), A.
cinctofemorata (Ravment, 1935), A. florea urens (Yokol &
WataNaBe, 2014; Yokol et al., 2016, 2017), A. garrula (ALbini,
1994), A. punctata (Rayment, 1935), A. salteri (RaymenT, 1935),
A. s. senahai (Yool et al., 2016), and A. zonata (SANDEeP &
MuTHURAMAN, 2018).

As in the case of A. g. maderae, male aggregations
predominate in A. zonata (SAnDEer & MuTHURAMAN, 2018) and
A. s. senahai (Yokol et al., 2016). In A. f. urens, male, female,
and mixed aggregations exist (Yokol & Watanagg, 2014; Yokol
etal., 2016, 2017).

As a rule, the females spend the night in their
nests, so the occurrence of females in aggregations is
rather rare. The males search for overnight quarters (e.g.,
flowers, protected areas in cavities, holes in branches they
dig themselves). In the case of A. florea urens, the females
already had mature eggs (Yokor & Watanagg, 2014; Yokol et
al., 2016). The females of A. f. urens do not spend the night
in the nests but in a sleeping aggregation similar to that of
the males. During the day, they are busy nest building and
provisioning the nests with pollen, which is completed in
the evening with one egg per cell.

In A. zonata, these aggregations have a size of 2-25
individuals (Sanpeer & MutHuramAN, 2018). Accordingly, the
aggregation of A. g. maderae is quite large. A prerequisite
for the size of a sleeping aggregation is the existence of
large nest aggregations with large populations in the
vicinity. However, such large populations do not occur
frequently in the Madeira Archipelago. Individual-rich
nesting colonies were found at Ribeira Brava (Miradouro
do Pico da Cruz), near Cabo Girao, and near Porto Moniz.
The largest nesting population was found on Porto Santo
at Ponta da Calheta with about a hundred nests (KratocHwiL
& ScHwaBe, personal observation). Other aggregations
occur south of Pico do Facho.

Sleeping aggregations of A. zonata were found at
one and the same site for 45 days (SANDEEP & MUTHURAMAN,
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2018).0On one plant, several aggregations (with a maximum
of eight clusters) could be present per branch (stem, twig)
(Sanpeer & MutHURAMAN, 2018). In a few cases, other bee
species (e.g., Thyreus, Megachile) were also found on the
roosting site of A. zonata. In A. f. urens and A. zonata, the
sleeping aggregations were arranged linearly on branches
or leaves (Mivanaga et al., 2011; Yokol & WAatanage, 2015;
Yokol et al., 2016, 2017; Sanpeep & MuTHURAMAN, 2018). This
phenomenon is also found in other wild bee species, such
as Anthophora plumipes (Prrmioni, 1933). In A. g. maderae,
however, it was a clumped (ball-like) aggregation. The
fixation of A. g. maderae individuals on plant stems
resembles that of A. f. urens, with the specimens holding
on only with the mandibles, the legs leaning against the
body, and the antennae stretching forwards or leaning
sideways.

General view of the phenomenon of sleeping
aggregations in insects, especially in Hymenoptera

The phenomenon of sleeping communities
in Hymenoptera - early historical observations

Linnagus (1758) already pointed out sleeping bees and
even named a species Apis florisomnis (‘per noctes floribus
inhaerens’) sleeping in flowers, which today has the name
Chelostoma florisomne (Linnaeus, 1758). The first evidence
of aggregative sleeping behaviour in Hymenoptera is
found in Westwoop (1840) on scoliids (Scolia galbula, S.
sexmaculata), with the observation of aggregations of
20-30 individuals. Early observations of insect sleeping
are described by Hiw (1865) and Cresson (1872). Friese
(1891) mentioned the phenomenon in Trachusa byssina.
KearLy (1857) described an observation of sleeping males
of Chelostoma florisomne without, however, referring to
LiNnNAEUS (1758). SNELLEN vAN VoLLenHoven (1858) discovered
a sleeping aggregation of Colletes succinctus (species
determination corrected by Rirsema, 1879).

Probably the first reference to sleeping wild bees
(Thyreus), fixed with mandibles, is mentioned by Gueinzius
(1858); another reference, without naming the species or
the genus, is given by Newman (1859). Fagre (1879) described
an aggregation with hundreds of specimens of the sphecid
Podalonia hirsuta and described the sleeping behaviour
of the sand wasp Ammophila heydenii (Fagre, 1897). The
first record of sleeping solitary bees is given by Cresson
(1865) on the cuckoo bee Mesoplia rufipes. Early data on
sleeping aggregations are found in Perez (1889), Friese
(1891, 1899, 1908, 1923), VErHOEFF (1892), SAUNDERs (1896),
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ScHwARzZ (1896), Banks (1902), Brues (1903), LuperwALDT (1910),
Fiesric (1912), and Rau & Rau (1916). Fiesric (1912) provided
the first comprehensive overview of the phenomenon
and included a tabulation of the taxa for which sleeping
communities had been observed.

Structure of sleeping aggregations,
preferences, and behaviour

In wild bees, but also in many other hymenopteran
taxa, large aggregations of sleeping individuals may occur
outside the nest. These aggregations are named ‘sleeping
aggregations’ or ‘roosting aggregations’ (Evans & LINSLEY,
1960; Linstey, 1962; O'NEeiLL, 2001; Azevepo & Faria, 2007).
Usually, an aggregation is built by one species and one sex,
in most cases by males. However, there also exist female
aggregations and mixed aggregations (males, females) at
one roost site.

Sleeping aggregations
characterized by one species

In solitary wild bee species, aggregations with only
males are commonly found within different bee families:

« Colletidae: Colletes meridionalis (ScHroTTkY, 1922), Hylaeus
(BiscHorr, 1927).

« Andrenidae: Panurginus labiatus (PirTiont & ScHmipt, 1943),
Parapsaenythia paspali (ScHroTTky, 1922).

« Anthophoridae: Amegilla s. senahai (Yokoi et al., 2016), A.
zonata (SANDEEP & MUTHURAMAN, 2018).

- Apidae: Anthophora crassipes (Fiesri, 1912), Centris
flavifrons, C. leprieuri (GottsBerGer et al., 1988), Eucerini
(MAHLMANN et al., 2014), Euglossa melanotricha (Swva et al.,
2011), Melissodes (ScHroTTKY, 1922; MATHEWSON & DALY, 1955).

- Halictidae: Augochlorella neglectula (Wcsto, 2003),
Augochloropsis anesidora (ScHrotTky, 1922), Lasioglossum
(FriscH, 1918; ScHREMMER, 1955; MivaNAGA & MAETA, 1998),
Neocorynura oiospermi (SCHROTTKY, 1922).

« Megachilidae: Dianthidium gregarium (ScHroTTKY, 1922),
Epanthidium bertonii (ScHroTTKY, 1908, 1922), Hypanthidium
flavomarginatum (Fierig, 1912), Megachile curvipes (Fiesrig,
1912).

Male sleeping aggregations are found not only in
solitary species but also in social wild bee species, e.g., in
stingless bees of the genus Tetrapedia (T. diversipes) (FiesriG,
1912; ScHROTTKY, 1922; ALves-Dos-SaNTos et al., 2002, 2009;
Santos et al., 2014), in Frieseomelitta varia (SARAVANAN, 2005;
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SanTos et al., 2014), and in bumblebee species (e.g., Bombus
dahlbomii; JoserH, 1929).

Male aggregations also occur in Scoliidae, e.g., Colpa
quinquecincta (Rau & Rau, 1916), and Vespidae (Evans &
LinsLEY, 1960), e.g., Antepipona bipustulata (RasmoHANA, 2018).

Mixed male and female sleeping aggregations are
rarer (e.g., Anthophora montana and A. urbana; LiNsLEY,
1962) and were detected in Scoliidae and Sphecidae (Evans
& LINsLEY, 1960).

Female sleeping aggregations have been observed
in Coelioxys afra, C. conoidea, and Nomada flavopicta
(ScHREMMER, 1955; FREEMAN & JoHNsTON, 1978; Yokol & WATANABE,
2015). Aggregations with only females exist in Coelioxys
praetextatus and Paratetrapedia nigripes (Fiesrig, 1912). In
Lasioglossum sisymbrii, non-nesting females are also found
to form roosting societies on dry stems, often together
with individuals of the genera Agapostemon and the
potter wasp Stenodynerus (LiNsLEY, 1962).

In mixed aggregations, the sexes exhibit different
behaviour. Females of Amegilla f. urens arrive at the roost
later and leave it earlier in the morning than males (Yokol
& Watanagg, 2015). This suggests that females use the roost
regularly and avoid staying longer together with males.
The use of the same roost by the two sexes could be
due to the limited number of suitable roosts in the forest
ecosystem (Yokor & Watanage, 2015). But roosts also serve
for mating in mixed aggregations, e.g., in Svastra obliqua
(Evans & GILLASPY, 1964).

HausL-HorsTaTTer (2004) assumed that in the case of
single resting females (e.g., Anthidium septemspinosum)
in male communities, the females are those that have
completed nest-building activity. Evans & Linstey (1960)
indicated that in species that do not build nests (e.g., Scolia)
or that are brood parasites (e.g., Nomada, Triepeolus), both
sexes are more likely to occur at roosts.

Sleeping aggregations
characterized by several species

There are also multispecies sleeping aggregations
(Banks, 1902; Rau & Rau, 1916; Evans & LiNsLEY, 1960; LINSLEY,
1962). Rau & Rau (1916) found three species at one roost
(Melecta obscura, Melissodes bimaculata, M. verroniana). It
is possible to divide multigenus aggregations into those
in which representatives of only one genus occur. An
example is the aggregation of the two sphecids Chalybion
californicum and C. z. zimmermanni (LANDEs & Hunt, 1988).
Examples in which representatives of different bee genera
form sleeping aggregations are, however, more common.
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RavmenT (1935) found the following species on one branch:
A. cinctofemorata, A. punctata, and A. salteri, as well as 300
males of the genera Nomia, Paracolletes and Stenotritus.
Aggregations with other hymenopteran taxa also occur.
Brues (1903) found five bee and wasp species sleepingon a
Melilotus plant. Evans & Linstey (1960) detected 21 wasp and
15 bee species on Melilotus, together with three Ammophila
species, which dominated in number of individuals. The
wasp species included species of Crabronidae, Scoliidae,
Sphecidae, and Vespidae, while the bee species included
species of Apidae, Megachilidae, and Halictidae.

Different behaviour of species on roosting sites
has been observed. BrabLey (1908) and Evans & LiNsLEY
(1960) described separate species-specific areas within
mixed roosting aggregations. The roosting species show
different patterns of occurrence. Evans & Linstey (1960)
distinguished regularly occurring species (regulars),
irregularly occurring species (irregulars), and occasionally
occurring species (casuals). The different sleeping species
form their own clusters within the overall aggregation; the
species do not mix.

In mixed aggregations, there are also cases in which
hosts and their parasites rest together at the same roost.
Linstey & McSwaiN (1958) reported this phenomenon for
Colletes and Epeolus, and Sanpeer & MuTtHURAMAN (2018)
detected interspecific aggregations with individuals of
Megachile and Thyreus.

There are also ‘daytime aggregations’ with mixed
aggregations of females and males of Centris decolorata,
C. lanipes, and C. smithii (STArRR & VELEZ, 2009) and with the
pompilid Pepsis sericans (STARR & HERNANDEZ, 1995).

A particular case is the co-occurrence of Amegilla
f. urens and butterflies in the same resting place (Yokor &
WAaTANABE, 2014). LinsLEY (1962) described mixed aggregations
with hymenopterans and wasp-like dipterans (Conopidae,
Stratiomyidae, Syrphidae), as well as with tachinids and
even hemipterans.

Aggregation shapes

In wild bees, loose, dense (ball-like), and linear
aggregations can be distinguished (Evans & LinsLey, 1960;
HausL-HorsTATTER, 2004, 2008):

- Loose aggregations:

Antepipona bipustulata (RamoHaNA, 2018), Anthidiellum
robertsoni  (LiNsLey, 1962), A. strigatum (SCHREMMER,
1955; Caravon, 1967; WesTricH et al., 1992), Anthidium
septemspinosum (Hausi-HorstaTTer, 2004), Anthophora
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urbana (Linstey, 1962), Augochlorella neglectula (WcisLo,
2003), Biastes emarginatus (WEsTricH et al., 1992), Hylaeus
spec. (BiscHorr, 1927; Geiser, 1988), Macropis europaea
(LierTiNck, 1957; WEesTRicH et al., 1992), Mellisodes paroselae
(LiNsLEY, 1962), M. tristis (LiNsLeY, 1962), Nomia spec. (LINSLEY,
1962; Geiser, 1988; BLoscH, 2006), Nomia melanderi (STEPHEN
etal., 1969).

+ Dense aggregations:
Centris xanthomelaena (MartiNs et al, 2018), Eucera
nigrescens (PeeTers, 2012), Frieseomelitta varia (Santos et al.,
2014), Lasioglossum albipes (ScHREMMER, 1955), L. calceatum
(ScHReMMER, 1955), L. fratellum (Schremmer, 1955), Melitta
leporina (WEsTrIcH et al., 1992), M. nigricans (Peeters, 2012),
Melissodes aff. bonaerensis (MaHLMANN et al., 2014), M.
denticulatus (MatHEwsoN & DALY, 1955), M. nigroaenea
(ScHROTTKY, 1922; MaHLMANN et al., 2014), Nomia foxii (Evans
& LinsLey, 1960), N. strigata (LierTinck, 1957), Oxaea austera
(Ouviera & CasTro, 2002), Svastra duplocincta (ALcock, 1998),
Tetrapedia diversipes (ALvEs-DOs-SANTOS, 2009).

- Linear aggregations:
Amegilla zonata (Sanpeer & MutHurRAMAN, 2018), Svastra
duplocincta (ALcock, 1998).

There are similar examples in wasps (Evans & LINSLEY,
1960; GILLASPY, 1963; Evans, 1966):

- Small groups with both sexes:
Bicyrtes, Stizoides.

- Loose clusters:
Ammophila (Evans & GiLLAspy, 1964), Bicyrtes capnopterus
(GiLLaspy et al., 1962), Stictiella pulchella (Evans & GILLASPY,
1964), Stizoides renicinctus (GILLASPY, 1963).

- Dense clusters with both sexes:
Bembecinus quinquespinosus, Glenostictia pulla, Rubrica,
Stictiella, Svastra, Zyzzys chilensis (Evans, 1955; Evans &
GiLLASPY, 1964).

« Dense clusters of males:
Glenostictia scitula (GiLLAsPY et al., 1964).

- Linear aggregations:
Celonites abbreviatus (AMET & Mauss, 2003).

Size of the aggregations

A sleeping aggregation can contain up to 1000
individuals (Brauns, 1911; Rau & Rau, 1916; DEeeGener, 1918;
Linstey & Cazier, 1972; Aicock, 1998; MaHLMANN et al., 2014).
Aggregations of up to 50 sleeping individuals were found
in Anthidium septemspinosum (Hausi-HoFsTATTER, 2004).
Aggregations of up to 1000 individuals were observed in
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the crabronid wasps Bembecinus and Bembix (BLoscH, 2000;
MaHLMANN et al., 2014).

Numerous species show site fidelity (ScHREMMER,
1955; Kaiser, 1995; Arcock, 1998; Ouivera & Castro, 2002;
Woaisto, 2003; Awves-Dos-SanTos et al., 2009; Siva et al., 2011;
Sanpeer & MutHurRAaMAN, 2018). Individuals can occur at the
same site for a few days to several months (Evans & LINsLEY,
1960; THoENEs, 1994; ALcock, 1998), and even completely
different generations can use the same site for several
years (LINSLEY, 1962; Evans, 1966). Siva et al. (2011) observed
male roost aggregations of Euglossa melanotricha at the
same locality for over a year. SaNDEEP & MuTHURAMAN (2018)
described site fidelity for Amegilla zonata, Aicock (1998)
for Svastra duplocincta, and Wcisto (2003) for Augochlorella
neglectula.

Usually, aggregations are found at the branch ends,
e.g., in Tetrapedia diversipes (ALves-Dos-SanTos et al., 2009).
A distinction should be made between site fidelity to
individual plants and site fidelity to individual branches
(Hausi-HorsTaTTER, 2004). There is also temporary fidelity to
a roost site (HAusi-HorsTATTER, 2004). However, some species
have no site fidelity (WestricH et al., 1992).

Characterization of the sleeping sites

Males of Hymenoptera taxa spend the night on
plant branches, on leaves, in cavities, in the ground in
self-dug roost nests, or in flowers (MivanAGA & MAETA, 1998;
WoaisLo, 2003; BLoscH, 2006; Sasaki & Sasaki, 2008; ALvES-DOs-
Santos et al., 2009; MaHLMANN et al., 2014; Sasino et al., 2017).
However, dried fruits and bird nests are also used (Azevepo
& Faria, 2007). In contrast, females usually roost within their
nests, which is interpreted as predator protection (AGuiAr
& GAGLIANONE, 2003; MAaRrTINS et al., 2014). Both Friese (1923)
and Linstey & Cazier (1972) mentioned that females do not
form roost aggregations outside the nest, but this is not
true, as this phenomenon had already been described
by Fiesric (1912). ScHrRemmeRr (1955) observed females and
males of Anthidiellum strigatum, Anthidium punctatum, and
Trachusa byssina sleeping on plants, but usually females
occurred in lower numbers.
et al. (2014) mentioned that Centris
xanthomelaena also has females roosting outside their
nests, forming mixed roosting communities with males.
This also occurs in C. burgdorfi (Sasino et al., 2017).

Roost sites are often branches, twigs, or stems
(FReemaN & JoHnson, 1978; Alcock, 1998). Among bees, the
so-called stalk sleeper includes species of the genera
Dasypoda, Lasioglossum, Macropis, Nomia, Tetralonia, and
Trachusa (BLoscH, 2006).

MARTINS
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There is a preference for resting places characterized
by many branches or twigs, by structurally rich, dead,
and dry plants with a height of about 90-180 cm, and
by sufficient morning and evening sun (Linstey, 1962).
However, fresh plants are also used (Banks, 1902; MATHEWSON
& DALy, 1955; LinsLey & MAcSwaAIN, 1958; LinsLey, 1962; BIeri,
2002; OuverA & CasTro, 2002; HAusL-HOFSTATTER, 2004).

LinsLey (1962) described differentlocation preferences
of Hymenoptera species in multiple aggregations on a
plant. Three different Ammophila species (Sphecidae)
preferred approximately vertically oriented branches in
the centre of the plant at a height of 0.6 to 1.2 m, whereas
species of the genus Bicyrtes (Crabronidae) preferred
horizontal branches at the same height but in the outer
parts of the plant. The top of the plant (at a height of
1.2 to 1.7 m) was used by species of the genus Prionyx
(Sphecidae) and by scoliids. Males of Agapostemum
angelicus (Halictidae), Bicyrtes capnopterus (Crabronidae),
Euodynerus cf. annulatus, and E. cf. hildago (Vespidae)
preferred exclusively dry inflorescences. Other vespids
were found at various branch ends at a height of 0.9 m,
and bees resided below Ammophila species. Species that
used the roost only irregularly and occasionally tended to
be on the outer areas of the plant.

Nevertheless, living plants also serve as resting
places (Banks, 1902; MatHEwsoN & DALy, 1955; Linstey &
MAcSwaIN, 1958; LinsLey, 1962; Bierl, 2002; Ouviera & CASTRO,
2002).

Preferred habitats are ruderal sites (HAusL-HOFSTATTER,
2008). Amegilla zonata preferred roosts near food plants
(SanpEeep & MuTHURAMAN, 2018). Suitable roost sites are limited
(WEesTricH et al., 1992).

Approach, preferences,
and behaviour at the roosting site

The specimens usually find each other in the
late afternoon or early evening (LiNsLEY, 1962). SANDEEP &
MutHurAMAN (2018) gave the time before sunset for Amegilla
zonata. Hausi-HorsTATTER (2004) observed search flights of
Anthidium septemspinosum near the later roosting place.
Some individuals settled on shrubs, grasped a branch with
their legs, and bit down with their mandibles, but then left
the site again. Stems where other bees had already settled
were highly attractive (ALcock, 1998; HausL-HorsTATTER, 2004).
Already settled specimens, which had not yet reached
the roosting state, changed their location again (Hausl-
HorsTatter, 2004). During the approach, already sitting
individuals were often attacked (Haus-HorstatTer, 2004).
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If the attack was successful, the ‘victor’ would settle at
that location. Often, however, there was also a successful
defense by the attacked specimen (HausL-HorsTATTER, 2004).

In Svastra duplocincta, a preference has been
demonstrated for the uppermost parts of a branch as a
resting place (ALcock, 1998). This has also been observed by
HausL-HorsTaTTER (2004) for Anthidium septemspinosum, and
ScHRemMER (1955) mentioned that Anthidium always fixes
itself at the uppermost branch end. In this genus, there
is even a fight for the uppermost position at the roost
analogous to the territorial behavior in A. septemspinosum
(Suciura, 1991).

Distinct clusters of roosting specimens can be
formed on a plant. Some areas are used by sleeping
individuals, but others remain unoccupied.

Individuals may show a high preference for a single
plant and even for individual stems (PitTioni, 1933; CARAYON,
1967; ALcock, 1998; MARTINS et al., 2018; SANDEEP & MUTHURAMAN,
2018). These preferences were supported by experiments
conducted by Aicock (1998). At short distances, visually
perceived factors play a role (WcisLo, 2003). Scent markings
previously left by males at roost sites are likely responsible
for these preferences (ALcock, 1998; Waisto, 2003). For
example, Andrena males mark leaves, petioles, grass
blades, or buds along their flight paths with scents from
the mandibular gland (MuLLer, 1991; MuLLEr et al., 1997).
Male bumblebees use labial gland secretions for flight
path marking of their territories (ALrorp, 1975). Brues (1906)
already reported on preferences for certain plant species.
He found Scolia cf. lecontei only on Apiaceae.

In multispecies roost aggregations, the arrival times
of species may differ. Linstey (1962) gave the following
order:

1. Cleptoparasitic bees

(Brachymelecta, Coelioxys, Triepeolus).
Solitary bees (Anthophora, Melissodes).
Semisocial bees (Agapostemon).
Vespidae (Rygchium, Stenodynerus).
Sphecidae (Ammophila).

Sphecidae (Eumenes, Prionyx, Sphex).

ok wN

In the morning, the specimens leave the roost in
reverse order.

Fixation with the mandibles and body position

ScHReMMER (1955) pointed out that sleeping with
tightly bitten mandibles in male aggregations occurs
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mainly in belly collectors (Gastrilegidae), e.g., species of
the genera Anthidium, Heriades, Megachile, Osmia, and
Trachusa. However, such behaviour also exists in leg-
gatherers (Podilegidae), e.g., in the genus Tetrapedia (T.
diversipes, T. peckoltii) (FiEsric, 1912; Butte-Reepen, 1915;
GRasst, 1942; ALvEs-Dos-SANTOS et al., 2009).

In summary, species of the genera Amegilla,
Ammobates, Anthidium, Anthidiellum, Anthophora, Biastes,
Centris, Coelioxys, Chelostoma, Epeoloides, Epeolus, Eucera,
Melecta (Eupavlovskia), Nomada, Pasites, Leiopodus,
Tetrapedia, Thyreus, and Triepeolus fix themselves on
the stem with their mandibles firmly bitten (Friese, 1888,
1891, 1899, 1923; FiesriG, 1912; ScHREMMER, 1955; WESTRICH,
1989, 1990; WEsTricH et al., 1992; Kaiser, 1995; MULLER et al.,
1997; Awves-pos-SanTos et al., 2002; Hausi-HorsTATTER, 2004,
2008; Peeters, 2012; MarTINS et al., 2018). The head is usually
oriented upwards, and the rest of the body is angled
horizontally (Friese, 1923).

In species of the genus Amegilla, in the roosting
stage with mandibles firmly bitten, the abdomen is
angled slightly horizontally (Liertinck, 1957). The head is
oriented upwards, and the legs and wings are near the
body. Thyreus ramosus holds on only with the mandibles,
with the legs laid on and the abdomen angled.

The head of Epeolus variegatus is always oriented
upwards, with the legs laid out and the antennae stretched
forwards (BLoscH, 2006). In Anthidium septemstrigatum,
only the mandibles are fixed, the body is stretched
away horizontally and only slightly angled, and the legs
and wings, as well as the antennae, are densely laid out
(Hausi-HorsTatTer, 2004). In Anthidiellum strigatum, the
head is oriented downwards, the wings and legs are laid
out, and the body is angled obliquely (Caravon, 1967). In
Anthophora montana, A. urbana, Coelioxys, Anthidiellum,
and Melissodes tristis, the head is also oriented downwards.
Amegilla zonata shows variability in this behaviour. This
species also holds on with the mandibles, but the legs are
either not applied or also used for holding on (Sanpeer &
MuTHURAMAN, 2018).

A slight movement (even when the mandible is at
rest) changes the entire position of the body. This allows
the individuals to raise and lower the body during sleep
(CarAYoN, 1967).

Odynerus melanocephalus also holds itself with the
mandibles, but it has the body curved in a U-shape and
oriented in a lateral position (Hausi-HorsTaTTer, 2008). Like
chrysids, the masarid Celonites abbreviatus curls around
the stem when asleep, but this behaviour does not appear
to be typical for masarids (CArvoN, 1967).
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Trachusa byssina orients the body with the head
upwards and rests the legs (ScHremmer, 1955). Nomada
crucis has its head downwards (Evans & LinsLey, 1960), which
is also generally described for Nomada (Friese, 1888, Haust-
HorsTATTER, 2008).

Species of the genus Ammophila bite with their
mandibles (ScHRemMER, 1955; BLoscH, 2006). The same applies
to the evaniid Gasteruption hastator. The head is directed
downwards, and the abdomen protrudes laterally (BiscHorF,
1927; SCHREMMER, 1955).

ScHrRemmer (1955) wondered how the mandibles
could hold the whole body for several hours without
fatigue. Bubpensrock (1939) pointed out the presence of
a tonic muscle that may cause this (Grasse, 1942). Rayment
(1935) reported that large raindrops can cause specimens
to decapitate.

Locking with the mandibles and legs

In Melecta obscura, in addition to the mandibles, the
first pair of legs is used for holding on, and the second and
third pairs of legs are extended (Hausi-HorsTATTER, 2008).
Males of Ancyloscelis species are fixed with the mandibles
and the first two pairs of legs; the third pair of legs is spread
(ALvES-DOS-SANTOS, 1999).

In Coelioxys ruficauda, the stem is also grasped with
the mandibles and the first pair of legs, but the body is
oriented with the head downwards, and the legs are
attached (LinsLey, 1958; Carre & Py, 1981). The body is angled
obliquely with the ventral side, and the mandibles bear
the entire body weight. In Coelioxys afra and C. conoidea,
the head is also oriented downwards, and the legs are
laid out (ScHremmer, 1955). In Anthophora dalmatica, the
mandibles fix the body, the wings and legs are attached,
and the antennae are directed backwards. In this species,
however, the body lies directly against the stem (Hausl-
HorsTATTER, 2008).

Species of the genera Exomalopis, Mellisodes, and
Svastra hold on to the stem with all legs and the mandibles
(Rau & Rau, 1916).

Ammophila fernaldi, A. juncea, A. procera, and A.
pruinosa hold on with the mandibles and legs, with the
head oriented upwards and the body angled (Evans &
LinsLE, 1960). The eumenine Antepipona bipustulata holds
on with the mandibles and the first pair of legs. The head
is oriented upwards, and the body is parallel to the stem.
The wings are folded, and the abdomen has no contact
with the substrate.
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Differences in locking within a genus

Within a genus, species may differ in the way they
are fixed. In Melecta duodecimmaculatum, the second
and third pairs of legs hang down, and the antennae are
extended sideways at half height. In M. leucorhyncha,
all legs are attached to the body, and the antennae are
extended forwards and downwards, but in M. albifrons
they are extended forwards and sideways. In M. albifrons,
the specimen hangs freely in the air, except for the
mandibular contact, with the legs and wings close to the
body and the antennae hanging down to the side.

In the case of Nomada ruficornis, the abdomen hangs
down (FRriesg, 1891; ScHrRemMER, 1955). In N. femoralis and N.
integra, the body is free in the air, except for the mandibular
contact, and is slightly curved upwards, with the antennae
hanging down or straight forwards (Haus:-HorsTATTER, 2008).
PeeTers (2012) pointed out that there are differences in leg
posture and antennal orientation (forward, backward)
in Nomada and proved this with photos. Nomada crucis
holds on with the mandibles, but the legs are bent freely.
Nomada flava fixes itself with the mandibles and legs, with
the head up and the antennae forwards (BLoscH, 2006). The
head position is upward in Anthophora bimaculata (MULLER
etal., 1997) and A. dalmatica but downward in A. montana,
A.urbana, and A. smithii (Hausi-HorsTATTER, 2008).

Even within closely related species, differences
occur: Chelostoma florisomne fixes itself with mandibles
and the first pair of legs, whereas Osmia adunca and O.
bicornis do not use the mandibles but fix themselves only
with the legs.

There are also differences in the position of the
antennae. In individuals of Trachusa byssina, the antennal
position varies (ScHRemmer, 1955), but in Coelioxys afraand C.
conoidea, as well as in Nomada flavopicta and N. ruficornis,
the antennae are always stretched straight forwards
(BLoscH, 2006), with the head oriented obliquely upwards
and the abdomen hanging down (ScHREMMER, 1955).

In Melissodes bimaculata, the head is oriented
upwards (Banks, 1902, 1908), whereas in M. denticulatus, M.
tristis, and Svastra obliqua, it is oriented downwards (FRriesk,
1923; MatHewsoN & Day, 1955; Linstey, 1962). Mellisodes aff.
confusus holds on with the mandibles and the legs, and M.
paroselae only with the mandibles (Evans & LinsLEY, 1960).

There are also differences in sleeping posture
between Ammophila heydeni and A. touareg; in the latter,
the body is oriented vertically (RotH, 1928). Within the
mason wasp genus Odynerus, the resting position also
differs (Bank, 1902; Fiesrig, 1912; Hausi-HorsTaTTER, 2008).
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In Sphecidae, species within a genus show
differencesin sleeping posture.In Ammophila campestris, A.
pubescense, and A. sabulosa, the head is directed upwards,
the legs lie loosely against the body, and the abdomen
is slightly angled (Granpbi, 1961; Caravon, 1967; BLoscH,
2000). In Priononyx lividocinctus and P. kirbii, the head is
always directed downwards, and the legs clasp the stem
(Caravon, 1967; BLoscH 2000, 2006), which is also the case in
Elis sexcincta and Scolia lecontei (BrapLEY, 1908). In Prionyx
parkeri, the head is oriented downwards. In this species,
arresting occurs only with the legs (Evans & LinsLey, 1960).
Brues (1903) also pointed out that in the wasps he studied
(Elis sexcincta, Nysson plagiatus, Scolia bicincta, S. lecontei,
Tachytes), the head was always oriented downwards. This
also applies to the scoliid Meria cylindrica (Caravon, 1967)
and the ichneumonid Syzeuctus fuscator (Hausi-HOFSTATTER,
2008). These species hold on with the mandibles and legs,
the head is directed upwards, and the body is oriented
downwards, closely following the substrate. There are also
differences within a species: ScHuLTze (1924) found several
resting postures in the braconid Habrobracon hebetor.

Locking without mandibles

There are species, such as Andrena ovatula (HausL &
HorsTaTTER, 2008) and Scolia dubia (Rau, 1938), that do not
use the mandible. Males of the genera Colletes, Hylaeus,
Lasioglossum, Macropis, and Melitta are fixed only with
their legs (Peeters, 2012). However, ScHrRemMmER (1955) also
observed locking with the mandibles in Lasioglossum
albipes, L. calceatum, and L. fratellus. Their abdomen is
directed steeply upwards, and the legs are laid out. Scolia
is arrested only with its legs (Hausi-HorsTiTTer, 2008). The
ichneumonid Syzeuctus fuscator rests with its head down
without mandibles and holds on only with its legs. The
antennae are stretched straight forwards (BLoscH, 2006).
Species of the genera Podalonia and Sphex do not use the
mandibles (BLoscH, 2006).

Cleaning movements, pumping movements

Species of the genera Centris, Epeolus, Protepeolus,
and Triepeolus show cleaning movements with the legs
on the body after locking with the mandibles. Cleaning
movements are also found in Anthidium septemspinosum
and Anthophora dalmatica (Hausi-HorsTATTER, 2004, 2008).
This is followed by pumping movements in which the
thorax and abdomen arch up and down (Fiesrig, 1912;
Kaiser, 1995). Pumping movements were also observed in
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Amegilla zonata (Sanpeep & MuTHurRAMAN, 2018) and Anthidium
septemspinosum (Hausi-HorsTATTeER, 2004). HAusl-HOFSTATTER
(2008) described the process of falling asleep and waking
up for Melecta obsucra. After it clings with the mandibles,
the tarsi of the second and third pairs of legs show upward
and downward movements. This is followed by abdominal
pumping movements (Hausi-HorsTatTer, 2004). Anthophora
dalmatica and Odynerus melanocephalus also show
pumping movements (Hausi-HorsTatTER, 2008). During the
night, the duration of resting phases increases in Epeolus
variegatus and Triepeolus (no preening, no movements,
the respiratory frequency decreases, and the muscle tone
decreases) (Kaiser, 1995).

Antenna position

In Nomada (N. flava, Paranomada velutina) and
Triopasites, the antennae are directed forwards. In
Triopeolus, however, the antennae are directed backwards,
as well as in Leiopodus singularis and Epeolus variegatus.
In Eucera nigrescens, the antennae are slightly bent
backwards (PeeTers, 2012). In Melecta obscura, the antennae
are initially directed laterally downwards; in the resting
stage, the antennae are then laid out laterally on the body
(Hausi-HorsTatTer, 2008). In Anthophora dalmatica, the
antennae are also directed backwards (Hausi-HoFSTATTER,
2008) as in Amegilla q. maderae. In Amegilla zonata, the
antennae are directed forwards and to the side (Sanpeer &
MuTHURAMAN, 2018).

Duration of falling asleep

The duration of falling asleep can be half an hour
(ScHremmEr, 1955), while waking up lasts less than half an
hour (15 min in Anthophora dalmatica, 20 and 54 min in
Melecta; Hausi-HorsTatTer, 2008). After locking, the mouth
parts are cleaned first (folding in and out of the proboscis,
expelling and sucking in a drop of liquid; ScHRemmER, 1955).
The trigger of resting behaviour is the onset of darkness.

Awakening process

The aggregation dissolves again in the morning.
SANDEEP & MuTHURAMAN (2018) gave the time before sunrise
for Amegilla zonata. Awakening is indicated by pumping
movements and twitching of the extremities in Anthidium
septemspinosum (Hausi-Horstatter, 2004). The pumping
movements become increasingly faster. The antennae are
raised at the end of this process (Hausi-HorsTatTeEr, 2004).
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Only when the individuals are hit by sunlight do the
mandibles detach (Kaiser, 1990, 1995). They never fly away
synchronously. The period of awakening until departure
varied among the individuals of A. septemspinosum (two
minutes to two hours) (Hausi-HorstatTer, 2004). Resting
phases can be switched on.

Eupavlovskia obsucra begins the awakening process
by raising the antennae and starting the abdominal
pumping movements, stretching out the second and third
pairs of legs. This is followed by tarsal movements. Finally,
the antennae are fully erected again. This process can be
interrupted several times by resting positions. Melecta
duodecimmaculatum shows a similar behaviour (Haust-
HorsTATTER, 2008).

Approaches to explaining the
biological background of sleeping aggregations

There are numerous explanations for the adaptive
significance of sleeping aggregations (Ravmont, 1935;
GRrasst, 1942; Evans & Linstey, 1960; Evans & GiLLaspy, 1964;
FReemAN & JoHNsTON, 1978; ALcock, 1998; MIYANAGA & MAETA,
1998; Yokol et al., 2017), such as primary social behaviour,
thermoregulation (increase in body temperature through
clustering), antipredator behaviour (increased vigilance,
greater defensive behaviour, dilution effect against
predators), and weather protection:

« Primary social behaviour:

Aggregations are generally not regarded as a
precursor of social behavior (Grassg, 1942) anymore,
and this explanation is no longer mentioned in recent
publications. It was based on initial observations that
sleeping aggregations occurred only in solitary bee
species. Later, however, such behaviour was also found
in social bee species.

« Thermoregulation:

Ravment (1935) hypothesized that aggregations could
have thermoregulatory significance. The mostly limited
contact of single individuals with each other, however,
speaks against thermoregulation. Nevertheless, a
noticeable temperature increase in bee clusters is
possible (LinsLey & Cazier, 1972).

« Antipredator behaviour:

Linstey & Cazier (1972) studied male aggregations of
Protoxaea gloriosa. The results largely agreed with the
hypothesis of antipredator behaviour. However, their
extensive temperature measurements in aggregation
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clusters showed that the bees can release heat under
certain conditions (e.g., disturbance), resulting in a
noticeable temperature increase in a cluster in a short
time (in one minute, the temperature in a cluster can
increase by several degrees Celsius). This could lead to
the return of higher activity in the specimens, allowing
them to escape predators. ALcock (1998) detected that the
reduviid Apiomerus flaviventris, which visits roosting sites
to find a mate, grabs and eats individual bees. If one bee is
attacked, the other bees do not react. Even the presence
of the bug does not cause a reaction. Occasionally, a bee
may escape. Another example concerns stingless bees.
Parasitic flies stay near the roosting sites of the bees
and rest on the branches. In Amegilla quadrifasciata,
phorids occur as parasites, which are also an important
mortality factor in stingless male bees (Simoes et al., 1980;
Brown, 1997). Tachinidae (Ectophasia crassipennis, Tabanus
sulcifrons) are found at roosting sites of wild bees (HINg,
1906; ScHrReMMER, 1955). Asilidae, too, have been observed
at roosting sites (Mallophora fautrix near aggregations of
Nomia foxii and N. tetrazonata; Blepharepium secabilis near
those of Protoxaea) (Evans & LinsLey, 1960; LinsLey, 1960).
Crab spiders (Thomisidae) are also possible predators
(Rau & Rau, 1916).

The fact that many bee individuals are present
and that the predators have only a very limited influence
on such large aggregations argues for a dilution effect
(‘selfish-herd” mechanism) (Ving, 1971). The larger the prey
group, the less likely a single specimen will be captured by a
predator (HamiLton, 1971; ALcock, 1998; FINKBEINER et al., 2012).
VINE (1971) characterized this phenomenon as a ‘confusion
effect’, and Vuuinec (1990) as ‘collective security’. Mixed
aggregations, too, offer a protective effect analogous to
the warning calls of different bird species (MaGratH et al.,
2007). A high adaptive value is offered by clumped (dense)
aggregations at the ends of twigs, branchlets, or culms, by
linear arrangements, by diffuse (loose) aggregations, or by
single individuals sitting at different locations on a plant.
Haust-HorsTatTeR (2004, 2008) interpreted this behaviour
as optical protection (camouflage effect) by mimicking,
e.g., seeds or buds. However, the exposed position also
protects against nocturnal soil predators (WEstricH et
al., 1992). A similar phenomenon is found in geometrid
caterpillars, which are locked only by the anal feet, with
the body extended horizontally, mimicking dead twigs
(BArTH, 1937; ScHREMMER, 1955). Fiesric (1912) named such
specimens ‘sleep mimics’.
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Sleeping aggregations
in other taxonomical groups of insects: examples

Sleeping aggregations are found preferably in wild
bees (Anthophoridae, Apidae, Halictidae, Megachilidae)
and wasps (Chrysididae, Crabronidae, Ichneumonidae,
Scoliidae, Sphecidae, Vespidae). They all show characteristic
resting behaviour at night (FriscH, 1918; BiscHorr, 1927;
GRaAsse, 1942; Evans & LiNsLeY, 1960; LiNsLEY, 1962; Darni et al.,
1981; WEesTricH, 1990; Kazenas & Tosias, 1993; O'NeiL, 2001;
KLein, 2003; WaisLo, 2003). Such behaviour is also found in
numerous other insect groups:

« Diptera: Asilidae (Fiesrig, 1912; Rau & RAu, 1916; HAurg, 1962),
Culicidae (Fiesrig, 1912), Bombyliidae (Rau & Rau, 1916),
Diopsidae (BurkHARDT & MotTe, 1983; MoTTE & BURKHARDT,
1983; WiLkinsoN & ReiLLo, 1994), Drosophilidae (Henpricks et
al., 2000, SHaw et al., 2000, GreenspaN et al., 2001), Tabanidae
(HINE, 1906).

« Lepidoptera: ScHrotTkY (1908, 1922), Fiesric (1912), GRASSE
(1942), MALLET (1986), WALLER & GILBERT (1982), FINKBEINER et al.
(2012); Pieridae (LongsTarr, 1906; Rau & Rau, 1916), Danaidae
(ScHwarz, 1896), Heliconiidae (ScHrotTkY, 1922; WALLER et
al., 1982), Noctuidae (Pirtioni, 1933), Pyralidae (ANDERSEN,
1968), Nymphalidae (Rau & Rau, 1916), Hesperiidae
(LongsTAFF, 1906; Rau & Rau, 1916), Erebidae (Rau & Rau,
1916), Sphingidae (Rau & Rau, 1916), Geometridae (Rau
& Rau, 1916), Lycaenidae (LongsTAFF, 1906; FroHAWK, 1914;
HERING, 1926; ScHREMMER, 1955; A. K., personal observation).

« Coleoptera: Pearson & ANDERsON (1985); Cetoniidae (Fiesrig,
1912), Cerambycidae (Fiesrig, 1912), Coccinellidae (Corw,
1983), Rhipiphoridae (Fiesrig, 1912), Rhynchophora (Fiegrig,
1912), Meloidae (Rau & Rau, 1916).

- Odonata: Rau & Rau (1916), Grasst (1942), SCHREMMER (1955),
CARAYON (1967), CorseT (1999).

« Hemiptera: HerING (1926), CARAYON (1967).

- Blattodea: TosLer (1983), ToBLER & NEUNER-JEHLE (1992),
STePHENSON et al. (2007).

« Rhynchota: Fiesric (1912).

« Phasmida: Fiesric (1912).

« Orthoptera: Rau & Rau (1916), ScHuppe & Burrows (1998).
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CONCLUSIONS

It can be assumed that most hymenopterans
show distinct sleeping behaviour. According to current
knowledge, this behaviour is species-specific and shows
an extraordinarily large diversity. Only a few species have
been studied in detail so far. Single observations dominate,
and comprehensive synoptic overviews are lacking.

The phenomenon of sleep can be defined by
certain behavioural-biological features. The specimens are
motionless and remain in an atypical posture compared
to their usual behaviour. They are largely insensitive to
external stimuli and react only to particularly strong
disturbances; after the disturbance has terminated, they
return to their sleeping posture (Rau & Rau, 1916). Specimens
exhibit sleep homeostasis, with sleep behaviour setting in
as a compensatory process within certain physiological
limits depending on the extent of wakefulness (HeLrricH-
ForsTer, 2018). It must be assumed that all organisms
probably have a need for sleep to ensure homeostasis.

Roosting behaviour (branch orientation; head,
leg, and antennal posture; behaviour when disturbed;
abdominal pumping movements) has been studied by
Kaiser (1988, 1995) and others. Posture is often species- or
genus-specific and apparently genetically determined,
with specimens reducing the respiratory rate, releasing
some muscle tension, and exhibiting a characteristic
antennal posture. This has also been demonstrated
by ScHutze (1924) in the braconid Habrobracon and by
ANDERsEN (1968) in the moth Ephestia kuehniella (Pyralidae).
In general, sleeping individuals show a lower reaction
to external stimuli (e.g., in representatives of the genus
Lasioglossum; ScHremmer, 1955). The individual bee species
differ in their resting positions, which was already pointed
out by FiesriG (1912).

Sleep behaviour in honeybees has been studied
extensively (Kaiser & SteNer-Kaiser, 1983; Kaiser, 1988;
ScHuppe, 1995; ScHmolz et al., 2002; Sauer et al., 2003, 2004;
Esan-RotHscHio & BrocH, 2008; Kiemn et al., 2008, 2010;
Hussaini et al., 2009; HarTse, 2010; KLEIN & SeeLEY, 2011; BEYAERT
et al., 2012; Kaiser et al., 2013). The most extensive genetic
and neurophysiological data are available on the sleep
behaviour of Drosophila melanogaster (Henoricks et al.,
2000; SHaw et al., 2000; GreenseaN et al., 2001; CireLul et al.,
2005; BusHey et al., 2007, 2011; SeucNet et al., 2008, 2011;
DonLea et al. 2011; DisseL et al., 2015; HeLFRiCH-FORsTER, 2018).
For most other insect taxa, however, the knowledge of
sleep behaviour is grossly incomplete. It will therefore
be worthwhile to devote more attention to insect sleep
behaviour in the future.
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