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Photo

The cover picture shows habitus of Ampedus cardinalis
(Schigdte, 1865) and Ampedus elegantulus (Schonherr,
1817) captured in the Geneva basin. See paper of Blanc
M, Breitenmoser S, Rochet C Liste commentée des
Cerophytidae, Elateridae, Eucnemidae et Throscidae du
bassin genevois (Coleoptera).
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Abstract

Five species of Psyllinae are recognised from Gunung Kinabalu, all previously unknown, and are formally described and named:
Cacopsylla graciliforceps sp. nov., C. kinabaluensis sp. nov., C. myrsines sp. nov., C. photiniae sp. nov. and Psylla cirrita sp. nov.
Another species similar to P. cirrita remains undescribed due to lack of sufficient material. Two Philippine species closely related
to C. kinabaluensis are transferred to Cacopsylla as Cacopsylla aranetae (Miyatake, 1972), comb. nov. and Cacopsylla bakeri
(Crawford, 1919), comb. nov. (both from Psylla). Three of the Cacopsylla species probably represent Palaearctic faunal elements
(Cacopsylla graciliforceps, C. myrsines and C. photiniae). Host information is available only for Cacopsylla myrsines and C. pho-
tiniae, viz. Myrsine dasyphylla (Primulaceae) and Photinia davidiana (Rosaceae), respectively. Myrsine has not been previously
reported as host genus of Psylloidea. The five new species bring the number of known Psylloidea species from Gunung Kinabalu
to 22. The biogeographic relationships found in the flora, i.e. Oriental elements predominate at lower altitudes, and Himalayan and
Australian elements are dominant at altitudes above 2500 m, are reflected in the psyllid fauna (Oriental 4 spp.; Australian 13 spp.,
Himalayan 3 spp.; unknown 2 spp.). Of the 22 species known from Gunung Kinabalu, 18 are only known from there. This high
number is probably only partly due to endemism and is partly due to insufficient knowledge of the psyllid fauna of Borneo and of
the tropics in general.
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Introduction

Psyllids (Psylloidea) constitute a superfamily of plant lice
(Sternorrhyncha) characterised by their usually narrow
host ranges within the eudicots, magnoliids and, excep-
tionally, monocots and conifers (Burckhardt et al. 2014;
Ouvrard et al. 2015). Unlike the related aphids, adult
psyllids, which are always winged, can survive for ex-
tended periods without feeding, allowing them to find and
successfully colonise even rare hosts (Taylor and Moir
2009; Zhang et al. 2019). This may be one of the reasons
why psyllids are most species-rich in the tropics and the
southern hemisphere (Burckhardt et al. 2021), rather than

in the northern temperate zones where aphids predomi-
nate (Dixon et al. 1987). Currently, just over 4000 species
of psyllids have been described worldwide, but based on
undescribed material available in museum collections,
this is likely to be less than half of the species that actual-
ly exist (Burckhardt and Queiroz 2020). While the psyllid
fauna of the temperate northern hemisphere, in particular
the Palaearctic region, is reasonably well known, that of
the tropics is not, and current ideas about host and dis-
tributional patterns of psyllids may change with a better
knowledge on the tropical faunas.

Gunung Kinabalu in Borneo (Sabah, Malaysia), is
well known for its high plant diversity rich in endemics.

Copyright Daniel Burckhardt. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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With almost 4100 m altitude, it is the highest mountain
between the Himalayas and Mount Wilhelm in New
Guinea. While its flora below 2500 m, most of which has
been destroyed by human activities, is composed mostly
of Oriental elements, that above 2500 m shares taxa with
the Himalayas (e.g. Ericaceae) and Australia (e.g. Myrt-
aceae) (Cockburn 1978; Corner 1978; Beaman and Bea-
man 1990). These relationships seem to be reflected by
the psyllid fauna of which 17 species have been reported.
The Oriental genus Paurocephala Crawford, 1913 is rep-
resented by four species found at altitudes between 500—
1850 m, developing on species of Pterospermum (Mal-
vaceae), Artocarpus and Ficus (Moraceae) (Mifsud and
Burckhardt 2002; Burckhardt et al. 2023). The other 13
species, representing the Australian faunal element, are
associated with Myrtaceae and are members of the sub-
family Spondyliaspidinae (Aphalaridae): Boreioglycas-
pis Moore, 1964 (7 spp. on Syzygium and Tristaniopsis)
at altitudes from 1460-2700 m and Ctenarytaina Ferris
& Klyver, 1932 (6 spp. on Leptostermum and Syzygium)
at altitudes from 1700-3300 m (Burckhardt 1991; Burck-
hardt et al. 2020; Burckhardt 2021). So far, no psyllids
with close relatives in the Himalayas have been reported
from Gunung Kinabalu.

Here, species of Psyllinae (Psyllidae) collected on
Gunung Kinabalu are described and their phylogenet-
ic and biogeographic relationships are discussed. They
belong to the predominantly north temperate genera Ca-
copsylla Ossiannilsson, 1970 and Psylla Geoffroy, 1762.
The former is with over 450 species one of the largest
psyllid genera (Ouvrard 2023) and is probably mono-
phyletic apart from a few ill-placed species (Percy et al.
2018). The majority of the species develop on Elacag-
naceae, Rhamnaceae and Rosaceae (Rosales), Ericaceae
(Ericales) and Salicaceae (Malpighiales). Psylla was re-
defined by Burckhardt et al. (2021) to include 24 species
associated with Betulaceae. Prior to this narrow concept,
the genus was used to include many unrelated species
of Psyllidae that could not be assigned to other genera
(Li 2011).

Material and methods

Material is deposited in the following institutions:
MHNG-Muséum d’histoire naturelle, Genéve, Switzer-
land; NCHU-National Chung Hsing University, Taiwan;
NHMB-Naturhistorisches Museum, Basel, Switzerland.
The morphological terminology follows Bastin et al.
(2023). Measurements were taken as follows: adult body
length from dry mounted specimens measuring the dis-
tance between fore margin of head and tip of forewings
when folded over body; the other measurements were
taken from slide mounted (Cacopsylla) or dry mounted
(Psylla) specimens. The measurements and ratios are giv-
en as range. The psyllid nomenclature follows Ouvrard
(2023) and the classification Burckhardt et al. (2021). The
plant nomenclature accords with POWO (2023).

alpineentomology.pensoft.net

Results

Taxonomy

Cacopsylla graciliforceps sp. nov.
https://zoobank.org/FC470759-154A-417B-AESF-F652BBF682B2
Figs 1,2,9, 13-15,25-28

Type locality. Malaysia, Sabah, Ranau, Gunung Kinaba-
lu, Kinabalu Park, summit trail, Panar Laban, 6.0594°N,
116.5665°E, 3300 m.

Material examined. Holotype. MALAYSIA * 35 Sabah,
Ranau, Gunung Kinabalu, Kinabalu Park, summit trail,
Panar Laban; 6.0594°N, 116.5665°E; 3300 m, 4.v.1987,;
D. Burckhardt and I. Lobl leg.; #F8759; moss forest
with Ericaceae and Myrtaceae, on Vaccinium (Erica-
ceae); MHNG, dry. Paratypes. MALAYSIA ¢ 1 Q; Sabah,
Ranau, Gunung Kinabalu, Kinabalu Park, summit trail;
6.0475°N, 116.5620°E; 2830 m, 29.iv.1982; D. Burck-
hardt leg.; #F8274; Leptospermum forest; MHNG,
dry. 5 4, 5 Q; same data but summit trail; 6.0578°N,
116.5662°E; 3230 m, 29.iv.1982; D. Burckhardt leg.;
#F8277; Leptospermum forest, on Leptospermum (Myrt-
aceae); MHNG, NCHU, NHMB, dry. * 2 J; same data
but summit trail; 6.0578°N, 116.5662°E; 3230 m,
29.1v.1982; D. Burckhardt leg.; #F8279; Leptospermum
forest, on Myrsine dasyphylla (Primulaceae); MHNG,
dry. » 6 &, 3 Q; same data but summit trail; 6.0578°N,
116.5662°E; 3230 m, 29.iv.1982; D. Burckhardt leg.;
#F8280; Leptospermum forest, on Vaccinium coriace-
um (Ericaceae); MHNG, dry. » 1 &, 5 Q; same data but
summit trail; 6.0578°N, 116.5662°E; 3230 m, 29.iv.1982;
D. Burckhardt leg.; #F8286; Leptospermum forest, Com-
mon trap; MHNG, dry. * 1 @; same data but summit
trail near Lyang Lyang; 6.0430°N, 116.5591°E; 2620 m,
2.v.1987; D. Burckhardt and 1. Lobl leg.; #F8751; open
Podocarpus/Leptospermum forest; MHNG, dry. 2 &,
8 ¢; same data but summit trail, Panar Laban; 6.0594°N,
116.5665°E; 3300 m, 4.v.1987; D. Burckhardt and I. Lobl
leg.; #F8756; moss forest with Ericaceae and Myrtaceae,
on Leptospermum recurvum (Myrtaceae); MHNG, dry.
¢ 1 §; same data but summit trail, Panar Laban; 6.0594°N,
116.5665°E; 3300 m, 4.v.1987; D. Burckhardt and I. Lobl
leg.; #F8757; moss forest with Ericaceae and Myrtaceae,
on Myrica javanica (Myricaceae); MHNG, dry. * 15 &,
14 Q; same data as holotype but MHNG, NHMB, dry,
slide. « 4 &; same data but summit trail, Panar Laban;
6.0594°N, 116.5665°E; 3300 m, 4.v.1987; D. Burckhardt
and I. Lobl leg.; #F8761; moss forest with Ericaceae and
Myrtaceae, on Styphelia sp. (Ericaceae); MHNG, dry.
1 J,4 Q; same data but summit trail, Panar Laban;
6.0594°N, 116.5665°E; 3300 m, 4.v.1987; D. Burckhardt
and I. Lobl leg.; #F8762; moss forest with Ericaceae and
Myrtaceae, on Rhododendron sp. (Ericaceae); MHNG,
dry. * 3 &; same data but summit trail, Panar Laban;
6.0594°N, 116.5665°E; 3300 m, 4.v.1987; D. Burckhardt
and I. Lobl leg.; #F8764; moss forest with Ericaceae and
Myrtaceae, on Rhododendron sp. (Ericaceae); MHNG,
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dry. «2 &, 8 Q; same data but summit trail, Panar Laban;
6.0594°N, 116.5665°E; 3300 m, 4.v.1987; D. Burckhardt
and I. Lobl leg.; #F8765; moss forest with Ericaceae
and Myrtaceae, on Rhododendron rugosum (Ericaceae);
MHNG, dry. * 1 &; same data but headquarters; 1500 m,
8—-16.v.1987; A. Smetana leg.; interception trap; MHNG,
dry. » 14 &, 8 Q; same data but below Laban Rata; 3155
m, 5.v.1987; A. Smetana leg.; MHNG, dry. » 8 &, 4 @;
same data but Laban Rata; 3200 m, 9-20.v.1987; A.
Smetana leg.; interception trap; MHNG, NHMB, dry,
slide. * 5 &, 11 @; same data but Laban Rata; 3200 m,
4-8.v.1987; A. Smetana leg.; interception trap; MHNG,
dry. * 2 @; same data but base of St. John’s Peak; 3450
4000 m, 20.v.1987; A. Smetana leg.; MHNG, dry.
Diagnosis. Adult. Vertex 0.5 times as long as wide;
genal processes 1.0-1.1 times as long as vertex along
midline, slender, in basal third strongly, in apical two
thirds weakly tapering to apex which is obliquely truncate
or irregularly rounded, distinctly separated in the middle.
Antenna 1.6-1.7 times as long as head width; relative
length of flagellar segments as 1.0 : 0.7 : 0.6 : 0.6 : 0.5 :
0.5:0.2: 0.3. Metatibia bearing small genual spine. Fore-
wing oblong oval, widest in apical third, 3.4-3.8 times
as long as head width, 2.3-2.5 times as long as broad;
pterostigma moderately long, irregularly narrowing to
apex, ending level with bifurcation of vein M; vein Rs
weakly sinuous; m, cell value 2.1-2.4, cu, cell value 2.0
2.5; surface spinules present in all cells, relatively even-
ly spaced, forming irregular thombs or squares; leaving
broad spinule-free stripes along veins, absent from basal
half of cell r,; fields of surface spinules of marginal cells
evenly widening to wing margin. Male proctiger tubular,
weakly curved, 0.5-0.6 times as long as head width. Sub-
genital plate, in lateral view, subglobular, with relative-
ly straight dorsal margin; sparsely beset with long setae
in distal half. Paramere shorter than proctiger, in lateral
view, digitiform, almost straight. Distal segment of ae-
deagus with lens-shaped apical dilation. Female proctiger
1.3—1.4 times as long as head width; dorsal margin slight-
ly sinuous, irregularly narrowing to pointed apex. Female
subgenital plate 0.5-0.6 times as long as proctiger, in lat-
eral view, irregularly narrowing to pointed apex.
Description. Adult. Colouration. General body co-
lour dark brown to almost black (Fig. 1). Head (Fig. 2)
ochreous; vertex white along posterior margin medially
and along base of coronal suture, each half with triangu-
lar dark brown patch. Antennal segments 1 and 2 light
reddish brown, segments 3-8 yellow with dark apex be-
coming more extended from segment 3 to 8, segments 8
and 9 dark brown or black. Pronotum white in the middle
and with two lateral white dots on either side. Mesoprae-
scutum black with orange pattern consisting of a narrow,
longitudinal orange line in the middle, a transverse band at
the base and each a lateral patch on either side; lateral and
posterior edges each with a white spot on either side. Me-
soscutum with light brown longitudinal stripes. Legs yel-
low; profemora partly, and meso- and metafemora entire-
ly dark brown. Forewing (Fig. 9) membrane transparent,

almost colourless; veins ochreous to brown, becoming
darker towards apex; apex of clavus brown. Younger spec-
imens with more extended ochreous and brown colour.

Structure. Conforming to the generic description
of Ossiannilsson (1992). Body length & 2.8-3.1 mm,
Q2.9-3.4mm (10 &, 10 Q). Head deflexed 45° from lon-
gitudinal body axis (Fig. 1); slightly narrower than me-
soscutum. Vertex rthomboidal, 0.5 times as long as wide,
weakly concave at base, bearing short sparse setae and im-
bricate microsculpture; preocular sclerite not developed;
genal processes 1.0—1.1 times as long as vertex along mid-
line, slender, in basal third strongly, in apical two thirds
weakly tapering to apex which is obliquely truncate or
irregularly rounded, distinctly separated in the middle,
evenly beset with sparse long setae, those along lateral
margin near apex slightly longer than the others (Fig. 2);
eyes hemispherical. Rostrum 0.4-0.5 times as long as
head width, in lateral view mostly hidden by mesosternum
and only apical segment visible. Antenna 1.6—1.7 times as
long as head width; relative length of flagellar segments
as 1.0:0.7:0.6:0.6:0.5:0.5:0.2:0.3; antennal seg-
ment 3 longest; relative length of segment 10 and terminal
antennal setae as 1.0 : 1.6 : 1.4. Metatibia 0.7-0.8 times
as long as head width, bearing small genual spine, weak-
ly widening to apex, with 14+3+1 apical spurs. Forewing
(Fig. 9) oblong oval, widest in apical third, 3.4-3.8 times
as long as head width, 2.3-2.5 times as long as broad, cos-
tal margin irregularly curved, relatively evenly rounded
apically; pterostigma moderately long, at base narrower
than adjacent part of cell r,, irregularly narrowing to apex,
ending level with bifurcation of vein M; vein C+Sc weak-
ly, relatively evenly curved; vein M+Cu longer than half
length of R; vein Rs weakly sinuous; m, cell value 2.1~
2.4, cu, cell value 2.0-2.5; surface spinules present in all
cells, relatively evenly spaced, forming irregular rhombs
or squares; leaving broad spinule-free stripes along veins,
absent from basal half of cell r,; fields of surface spinules
of marginal cells evenly widening to wing margin.

Male terminalia as in Figs 13—15. Proctiger tubular,
weakly curved, 0.5-0.6 times as long as head width; be-
set with long, dense setae in apical two thirds. Subgenital
plate, in lateral view, subglobular, with relatively straight
dorsal margin; sparsely beset with long setae in distal half.
Paramere shorter than proctiger, in lateral view, digiti-
form, almost straight; weakly, slightly irregularly narrow-
ing to rounded apex; apex, in dorsal view, with sclerotised
toothlet pointing antero-mediad; in caudal view curved;
outer face relatively evenly beset with moderately long
setae; inner face densely beset with long bristles, denser
basally along posterior margin. Aedeagus long and slen-
der; distal segment of aedeagus slender in basal three
quarters, lens-shaped in apical quarter; sclerotised end
tube of ductus ejaculatorius short, weakly curved. — Fe-
male terminalia as in Figs 25-28. Proctiger 1.3—1.4 times
as long as head width, 4.8-5.0 times as long as circumanal
ring which consists of two unequal rows of pores; dorsal
margin slightly sinuous, irregularly narrowing to pointed
apex; sparsely beset with short setae in basal half and with

alpineentomology.pensoft.net
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Figures 1-8. Cacopsylla spp. 1, 3, 5, 7. Habitus, in lateral view; 2, 4, 6, 8. Head, in dorsal view; 1, 2. C. graciliforceps;

3, 4. C. kinabaluensis; 5, 6. C. myrsines; 1, 8. C. photiniae.

a submedian longitudinal row of moderately long setae
and a lateral band of peg setae on either side in apical half.
Subgenital plate 0.5-0.6 times as long as proctiger, in lat-
eral view, irregularly narrowing to pointed apex; apical
three quarters beset with short setae laterally and long se-
tae ventrally. Dorsal and ventral valvulae weakly curved;
lateral valvula narrowly rounded apically.
Measurements in mm (3 &, 3 Q). Head width
0.68-0.74; antenna length 1.12—-1.24; forewing length

alpineentomology.pensoft.net

2.34-2.76; length of male proctiger 0.36—0.38; paramere
length 0.28-0.30; length of distal segment of aedeagus
0.24-0.26; female proctiger length 0.96—1.00.

Fifth instar immature unknown.

Etymology. From Latin gracilis = slender, thin, slim
and forceps = pair of tongs, pincers, referring to the slen-
der parameres.

Distribution. Malaysia: Sabah, Gunung Kinabalu, at
altitudes between 2600 m and 4000 m. The single male
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found in a trap at 1500 m was probably blown there by
the wind.

Host plant, biology and habitat. Unknown. Almost
half of the adults were collected on species of Ericace-
ae (Rhododendron, Styphelia and Vaccinium) which are
likely hosts. The species was found in Leptospermum
and open Podocarpus/Leptospermum forests as well as in
moss forest with Ericaceae and Myrtaceae.

Comments. Cacopsylla graciliforceps resembles 11
Palaearctic Cacopsylla species associated with Ericaceae
in the antennae shorter than twice head width, the fore-
wing with a weakly curved costal margin and fields of
surface spinules widening towards the wing margin, as
well as in the slender, simple paramere. It differs from
Cacopsylla borealis Nokkala & Nokkala, 2019, C. frau-
datrix Labina & Kuznetsova, 2012, C. lapponica Nokkala
& Nokkala, 2019, C. ledi (Flor, 1861), C. myrtilli (Wag-
ner, 1947), C. rhododendri (Puton, 1871) and C. vaccinii
(Miyatake, 1964) in the much longer female terminalia,
and from C. fengqingica Li, 2011, C. lyoniae Li, 2011,
C. nigriantennata (Kuwayama, 1908) and C. pieridis (Li
& Yang, 1987) in the straight, digitiform paramere with
subparallel margins in lateral view (versus slightly sinu-
ate and irregularly narrowing in the first three species and
slightly sinuous and lamellar in the last species).

Cacopsylla kinabaluensis sp. nov.
https://zoobank.org/1D1952C5-58BD-4031-8803-CDBCF930A7BE
Figs 3, 4, 10, 16-18, 29-31

Type locality. Malaysia, Sabah, Ranau, Gunung Kinaba-
lu, Kinabalu Park, summit trail below Layang Layang,
6.0439°N, 116.5602°E, 2640 m.

Material examined. Holotype. MALAYSIA * 3'; Sabah,
Ranau, Gunung Kinabalu, Kinabalu Park, summit trail
below Layang Layang; 6.0439°N, 116.5602°E; 2640
m; 1.v.1987; D. Burckhardt and 1. Lobl leg.; #F8740;
moss forest; MHNG, dry. Paratypes. MALAYSIA * 1 3, 1
Q; same but summit trail; 6.0416°N, 116.5565°E; 2620
m; 29.iv.1982; D. Burckhardt leg.; #F8285; moss forest;
MHNG, dry. * 2 &; same but summit trail below Layang
Layang; 6.0419°N, 116.5578°E; 2560 m; 1.v.1987; D.
Burckhardt and I. Lobl leg.; #F8735; moss forest, on Syz-
ygium sp. (Myrtaceae); MHNG, dry. « 10 &, 3 Q; same
as holotype; MHNG, NHMB, dry, slide. * 1 &'; same but
below Layang Layang; 2600 m; 28.v.1987; A. Smetana
leg.; MHNG, dry.

Diagnosis. Adult. Vertex 0.3—0.4 times as long as wide;
genal processes 1.9 times as long as vertex along midline,
slender, tubular, widely separated in the middle. Anten-
na 3.4-3.6 times as long as head width; relative length
of flagellar segments as 1.0 : 0.9:09:1.0:09:0.8:
0.2 : 0.2. Metatibia lacking genual spine. Forewing wid-
est in apical third, 3.4-3.6 times as long as head width,
2.2-2.3 times as long as broad, costal margin curved;
pterostigma short, regularly narrowing to apex, ending
level with bifurcation of vein M; vein Rs evenly curved,

subparallel with costal margin; m, cell value 2.4-2.7, cu,
cell value 2.1; veins beset with very long, conspicuous
setae; surface spinules restricted to apices of cells except
for cells r, and cu, where they cover the entire cell leav-
ing broad spinule-free stripes along the veins; relatively
evenly spaced forming irregular thombs or squares, ab-
sent from basal half and from base of cell r,; fields of
surface spinules in each of the marginal cells widening
to wing margin. Male proctiger narrowly tubular, weak-
ly sinuate, 0.5 times as long as head width. Subgenital
plate, in lateral view, subglobular, slightly elongate, with
weakly concave dorsal margin. Paramere slightly longer
than proctiger, in lateral view, narrowly digitiform, weak-
ly sinuate; inner face with a patch of very dense thick
bristles in basal third. Distal segment of aedeagus hardly
inflated apically. Female proctiger 1.0 times as long as
head width; dorsal margin slightly sinuous, irregularly
narrowing to subacute apex. Female subgenital plate 0.6
times as long as proctiger, in lateral view, irregularly nar-
rowing to pointed apex.

Description. Adult. Colouration. General body co-
lour ochreous, mixed with white and almost black ele-
ments (Fig. 3). Head (Fig. 4) ochreous; vertex white
along posterior margin in the middle and along base of
coronal suture; each half of vertex with small dark brown
patch; area around median ocellus black; genal processes,
except for base, ochreous to red. Antennal segments 1 and
2 straw-coloured, segment 3 yellow with brown apical
third, segments 4—-10 dark brown or black. Pronotum al-
most black in anterior half and along a narrow stripe in
the middle of posterior half, which is white otherwise.
Mesopraescutum mostly ochreous with two semicircular
patches along posterior margin on either side; the two
median white patches are separated from ochreous part
by a thick, curved, dark brown transverse line. Mesoscu-
tum with dark brown longitudinal stripes. Mesoscutellum
dark brown with wide white margins. Metapostnotum
reddish with brown dot in the middle. Femora part-
ly brown, meso- and metatarsi almost black. Forewing
membrane transparent, colourless; veins light brown,
becoming darker towards apex; apex of clavus brown.
Younger specimens with more expanded light colour.

Structure. Conforming to the generic description of
Ossiannilsson (1992). Body length & 4.0-4.4 mm, Q 4.5—
4.8 mm (10 &, 3 Q). Head deflexed 45-90° from longitu-
dinal body axis (Fig. 3); as wide as mesoscutum. Vertex
rhomboidal, short, 0.3—0.4 times as long a wide, concave
at base, bearing long setae and imbricate microsculpture;
preocular sclerite narrow; genal processes 1.9 times as
long as vertex along midline, slender, tubular, widely
separated in the middle, evenly beset with sparse long se-
tae (Fig. 4); eyes hemispherical. Rostrum 0.3-0.5 times
as long as head width, in lateral view mostly hidden by
mesosternum and only apical segment visible. Antenna
3.4-3.6 times as long as head width; relative length of fla-
gellar segments as 1.0:0.9:0.9:1.0:0.9:0.8:0.2:0.2;
antennal segment 3 longest; relative length of segment 10
and terminal antennal setae as 1.0 : 1.2 : 1.2. Metatibia
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Figures 9-12. Cacopsylla spp., forewing. 9. C. graciliforceps; 10. C. kinabaluensis; 11. C. myrsines; 12. C. photiniae.

0.9 times as long as head width, lacking genual spine,
weakly widening to apex, with 1+3+1 apical spurs. Fore-
wing (Fig. 10) oval, widest in apical third, 3.4-3.6 times
as long as head width, 2.2-2.3 times as long as broad,
costal margin irregularly curved, relatively evenly round-
ed apically; pterostigma relatively short, at base narrower
than adjacent part of cell r,, regularly narrowing to apex,
ending level with bifurcation of vein M; vein C+Sc weak-
ly, relatively evenly curved; vein M+Cu longer than half
length of R; vein Rs evenly curved, subparallel with cos-
tal margin; m, cell value 2.4-2.7, cu, cell value 2.1; veins
beset with very long, conspicuous setae (Fig. 10); surface
spinules restricted to apices of cells except for cells r, and
cu, where they cover the entire cell leaving broad spinule-
free stripes along the veins; relatively evenly spaced
forming irregular rhombs or squares, absent from basal
half and from base of cell r,; fields of surface spinules in
each of the marginal cells widening to wing margin.
Male terminalia as in Figs 16—18. Proctiger narrowly
tubular, weakly sinuate, 0.5 times as long as head width;
densely beset with long, setae except for base. Subgenital
plate, in lateral view, subglobular, slightly elongate, with
weakly concave dorsal margin; densely beset with mod-
erately long setae except for basally and dorso-apically.
Paramere slightly longer than proctiger, in lateral view,
narrowly digitiform, weakly sinuate; irregularly narrow-
ing to blunt apex; apex, in dorsal view, with sclerotised
tooth pointing antero-mediad; in caudal view curved,
basal half strongly expanded medially and densely beset
with thick bristles; outer face beset with moderately long
setae; inner face with a patch of very dense thick bristles
in basal third and a few sparse bristles apically, other-
wise bare except for two long setae. Aedeagus long and
very slender; distal segment of aedeagus hardly inflated
apically, rounded; sclerotised end tube of ductus ejacu-
latorius short, weakly curved. — Female terminalia as in
Fig. 29-31. Proctiger 1.0 times as long as head width, 3.5
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times as long as circumanal ring which consists of two
unequal rows of pores; dorsal margin slightly sinuous, ir-
regularly narrowing to subacute apex; densely beset with
moderately long setae in median third and with a subme-
dian longitudinal row of long setae and a lateral band of
peg setae on either side in apical third. Subgenital plate
0.6 times as long as proctiger, in lateral view, irregular-
ly narrowing to pointed apex; except for base beset with
long setae becoming sparser towards apex and, in apical
third, with lateral peg setae. Dorsal and ventral valvulae
curved; lateral valvula narrowly rounded apically.

Measurements in mm (1 &, 1 Q). Head width 0.98—
1.06; antenna length 2.88-3.48; forewing length 3.30—
3.80; length of male proctiger 0.50; paramere length 0.56;
length of distal segment of aedeagus 0.40; female procti-
ger length 1.04.

Fifth instar immature unknown.

Etymology. Named after its provenience, the Gunung
Kinabalu.

Distribution. Malaysia: Sabah, Gunung Kinabalu, at
around 2600 m altitude.

Host plant, biology and habitat. Unknown. Two
adults were collected on Syzygium sp. (Myrtaceae) which
is an unlikely host. All specimens were collected in
moss forest.

Comments. Cacopsylla kinabaluensis is morphologi-
cally similar to Psylla aranetae Miyatake, 1972 and Psyl-
la bakeri Crawford, 1919, two species described from
the Philippines without host data and based only on one
and two females, respectively (Crawford 1919; Miyatake
1972). The three species share the multi-coloured body,
the short vertex, the long tubular, medially widely sep-
arated genal processes, the long antennae (> twice head
width), the absence of a genual spine and 1+3+1 apical
spurs on the metatibiae, the oval forewings with curved
costal margin and narrow, relatively short pterostigma,
and the moderately long, cuneate female terminalia with
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apically subacute or pointed proctiger and subgenital
plate. The three morphologically similar species consti-
tute a putatively monophyletic group and are congeneric.
Apart from the very long antennae and the tubular, me-
dially widely separated genal processes the three species
fit the concept of Cacopsylla by Ossiannilsson (1992).
For this reason, the two Philippine species are transferred
here to Cacopsylla as Cacopsylla aranetae (Miyatake,
1972), comb. nov. and Cacopsylla bakeri (Crawford,
1919), comb. nov. (both from Psylla). Immatures will be
necessary to test this generic placement.

Cacopsylla kinabaluensis and C. aranetae differ from
C. bakeri in the larger body size (forewing length >
3.3 mm versus 2.3 mm) and the longer cell m, (cell m,
value > 2.0 versus < 2.0; length ratio of veins M/M__, ca.
1 versus ca. 2) (Crawford 1919). Cacopsylla kinabaluen-
sis differs from C. aranetae in the longer genal processes
(length ratio of vertex/genal processes 1.9 versus 1.3),
the longer antenna (antenna length/head width ration >
2.9 versus 2.2) and the sinuate (versus slightly concave)
dorsal outline, in lateral view, of the female proctiger
(Miyatake 1972).

Cacopsylla myrsines sp. nov.
https://zoobank.org/9CD9AD80-6C64-41F4-82D9-4D69EBSFF86F
Figs 5, 6, 11, 19-21, 32, 34-36

Type locality. Malaysia, Sabah, Ranau, Gunung Kinaba-
lu, Kinabalu Park, summit trail, 6.0578°N, 116.5662°E,
3230 m.

Material examined. Holotype. MALAYSIA * ' Sabah,
Ranau, Gunung Kinabalu, Kinabalu Park, summit trail;
6.0578°N, 116.5662°E; 3230 m; 29.iv.1982; D. Burckhardt
leg.; #F8279; Leptospermum forest, on Myrsine dasyphyl-
la (Primulaceae); MHNG, dry. Paratypes. MALAYSIA * 3 &,
2 @, 2 immatures, 3 skins; Sabah, Ranau, Gunung Kinaba-
lu, Kinabalu Park, summit trail; 6.0449°N, 116.5604°E;
2670 m; 29.iv.1982; D. Burckhardt leg.; #F8269; Lepto-
spermum forest, on Myrsine dasyphylla (Primulaceae);
MHNG, NHMB, slide, 70% ethanol. * 24 &, 11 Q, same
data as holotype; MHNG, NCHU, NHMB, dry, slide. * 2
3 same but summit trail; 6.0449°N, 116.5604°E; 2670
m; 4.v.1982; D. Burckhardt leg.; #F82106; Leptosper-
mum forest, Myrsine dasyphylla (Primulaceae); MHNG,
dry. « 1 Q; same but summit trail near Lyang Lyang;
6.0430°N, 116.5591°E; 2620 m; 2.v.1987; D. Burckhardt
leg.; #F8744/45; open Podocarpus/Leptospermum forest;
MHNG, dry. * 2 Q; same but summit trail near Lyang Ly-
ang; 6.0445°N, 116.5605°E; 2650 m; 2.v.1987; D. Burck-
hardt leg.; #F8248; open Podocarpus/Leptospermum
forest; MHNG, dry. * 1 &, same but summit trail near
Lyang Lyang; 6.0430°N, 116.5591°E; 2620 m; 2.v.1987;
D. Burckhardt leg.; #F8252; open Podocarpus/Leptosper-
mum forest; MHNG, dry.

Diagnosis. Adult. Vertex 0.5-0.6 times as long as
wide; genal processes 1.0-1.3 times as long as vertex
along midline, narrowly conical, separated in the middle,

evenly beset with sparse long setae, apex subacute. An-
tenna 2.1-2.2 times as long as head width; relative length
of flagellar segments as 1.0:0.6:0.6:0.6:0.6:0.5:0.3
: 0.3. Metatibia with small indistinct genual spine. Fore-
wing oblong-oval, widest in the middle, 3.8—4.1 times as
long as head width, 2.5-2.6 times as long as broad, costal
margin curved; pterostigma long, irregularly narrowing
to apex, with subparallel margins in the middle, ending
distal to bifurcation of vein M; vein Rs evenly curved,
subparallel with costal margin except for apex which is
slightly curved towards costal margin of wing; m, cell
value 1.9-2.2, cu, cell value 2.9-3.3; veins beset with
short setae; surface spinules present in all cells, leaving
broad spinule-free stripes along the veins; absent from
basal three quarters of cell c+sc and basal third or half of
cell r,; fields of surface spinules in each of the marginal
cells widening to wing margin; relatively evenly spaced,
forming irregular rhombs or squares. Male proctiger nar-
rowly tubular, weakly sinuate. Subgenital plate, in later-
al view, subglobular, with almost straight dorsal margin.
Paramere longer than proctiger, in lateral view, narrowly
digitiform, almost straight; inner face with a longitudinal
stripe of thick bristles except for basal quarter and sparse
setae along fore and hind margin. Distal segment of ae-
deagus weakly inflated apically, rounded. Female proc-
tiger 1.2—1.3 times as long as head width; dorsal margin
slightly sinuous, irregularly narrowing to pointed apex.
Subgenital plate 0.5 times as long as proctiger, in lateral
view, irregularly narrowing to pointed apex. — Fifth instar
immature. Body 1.3 times as long as wide. Antenna 1.0—
1.1 times as long as forewing pad; segments 4—6 1.0 times
as long as segment 7; lacking capitate setae on flagellum.
Forewing pad with a single long, thick, apically pointed
marginal seta apically, lacking dorsal macroscopic setae;
hindwing pad with 2 long, thick, apically pointed, mar-
ginal setae subapically, lacking dorsal macroscopic setae.
Caudal plate 0.6-0.7 times as long as wide; lacking mar-
ginal sectasetae, with 5+5 long and a few short and me-
dium long marginal thick, apically pointed setae, lacking
dorsal macroscopic setae. Outer circumanal ring small,
its length along longitudinal body axis much larger than
its distance from caudal margin of caudal plate; circular,
closed anteriorly; consisting of a single row of pores.
Description. Adult. Colouration. General body colour
light orange brown (Fig. 5). Head (Fig. 6) ochreous with
brown patches on either side of coronal suture of vertex and
yellow genal processes. Antennal segments 1 and 2 light
brown, segments 3—-5 yellow with brown apices, segments
68 dark brown with almost black apices, segments 9 and
10 almost black. Pronotum with each a lateral and sublater-
al dark brown dot on either side. Mesopraescutum mostly
dark brown, orange-yellowish laterally. Mesoscutum with
dark brown longitudinal stripes. Metapostnotum almost
black, orange-yellowish laterally. Fore and mid legs and
metafemora brown. Forewing membrane semitransparent,
yellow to light brown; veins light brown, costal margin,
pterostigma, apical margin and apex of clavus brown.
Younger specimens with more expanded light colour.
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Figures 13-24. Cacopsylla spp., male terminalia. 13, 16, 19, 22. Male terminalia, in lateral view; 14, 17, 20, 23. Inner face of
paramere; 15, 21, 24. Distal aedeagal segment, same scale as paramere; 18. apex of distal aedeagal segment. 13-15. C. gracilifor-
ceps; 16-18. C. kinabaluensis; 19-21. C. myrsines; 22-24. C. photiniae.

Structure. Conforming to the generic description of
Ossiannilsson (1992). Body length & 3.1-3.4 mm, @
3.4-39 mm (10 &, 10 Q). Head deflexed 45-80° from
longitudinal axis of body (Fig. 5); as wide as mesoscu-
tum. Vertex (Fig. 6) rhomboidal, 0.5-0.6 times as long as
wide, concave at base, bearing microscopic setae and im-
bricate microsculpture; preocular sclerite narrow; genal
processes 1.0—1.3 times as long as vertex along mid-line,
narrowly conical, separated in the middle, evenly beset
with sparse long setae, apex subacute (Fig. 6); eyes hemi-
spherical. Rostrum 0.3-0.4 times as long as head width,
in lateral view mostly hidden by mesosternum and only
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apical segment visible. Antenna 2.1-2.2 times as long as
head width; relative length of flagellar segments as 1.0 :
0.6:0.6:0.6:0.6:0.5:0.3:0.3; antennal segment 3
longest; relative length of segment 10 and terminal anten-
nal setac as 1.0 : 0.7 : 0.9. Metatibia 0.7-0.8 times as long
as head width, with small indistinct genual spine, weak-
ly widening to apex, with 1+3+1 apical spurs. Forewing
(Fig. 11) oblong-oval, widest in the middle, 3.8—4.1 times
as long as head width, 2.5-2.6 times as long as broad,
costal margin irregularly curved, relatively evenly round-
ed apically; pterostigma relatively long, at base narrower
than adjacent part of cell r , irregularly narrowing to apex,
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with subparallel margins in the middle, ending distal to
bifurcation of vein M; vein C+Sc weakly, relatively even-
ly curved; vein M+Cu longer than half length of R; vein
Rs evenly curved, subparallel with costal margin except
for apex which is slightly curved towards costal margin
of wing; m, cell value 1.9-2.2, cu, cell value 2.9-3.3;
veins beset with short setae; surface spinules present
in all cells, leaving broad spinule-free stripes along the
veins; absent from basal three quarters of cell c+sc and
basal third or half of cell r,; fields of surface spinules in
each of the marginal cells widening to wing margin; rela-
tively evenly spaced forming irregular rhombs or squares.

Male terminalia as in Figs 19-21. Proctiger narrowly
tubular, weakly sinuate, 0.4 times as long as head width;
densely beset with long setae in apical three quarters.
Subgenital plate, in lateral view, subglobular, with almost
straight dorsal margin; densely beset with moderately
long setae along a broad transverse band stretching from
dorsal margin to postero-ventral margin and a patch pos-
tero-apically. Paramere longer than proctiger, in lateral
view, narrowly digitiform, almost straight; evenly narrow-
ing to blunt apex; apex, in dorsal view, with sclerotised
apex forming an inward directed, slender process which
is obliquely truncate apically; parameres, in caudal view,
forming narrow O; outer face beset with moderately long
setae in apical two thirds; inner face with a longitudinal
stripe of thick bristles except for basal quarter and sparse
setae along fore and hind margin; apex forming sclerotised
tooth. Aedeagus long and very slender; distal segment
weakly inflated apically, rounded; sclerotised end tube of
ductus ejaculatorius short, sinuate. — Female terminalia as
in Fig. 32. Proctiger 1.2—1.3 times as long as head width,
3.5-3.8 times as long as circumanal ring which consists
of two unequal rows of pores; dorsal margin slightly sin-
uous, irregularly narrowing to pointed apex; beset with
moderately long setae in median third, with a submedian
longitudinal row of long setae in apical half and a lateral
band of peg setae on either side in apical third. Subgenital
plate 0.5 times as long as proctiger, in lateral view, irreg-
ularly narrowing to pointed apex; except for base beset
with long setae laterally and apically, in apical third, and
with a lateral band of peg setae. Dorsal and ventral val-
vulae curved; lateral valvula narrowly rounded apically.

Measurements in mm (2 &, 2 Q). Head width 0.70—
0.76; antenna length 1.48-1.68; forewing length 2.74—
3.14; length of male proctiger 0.28—0.30; paramere length
0.36-0.40; length of distal segment of aedeagus 0.28; fe-
male proctiger length 0.90-0.92.

Fifth instar immature. Colouration of ethanol preserved
specimens. Dorsal sclerites brown, membranes colour-
less. Cephalothorax yellow anteriorly, becoming gradu-
ally darker towards rear. Antennal segments 1-3 yellow,
segments 4—6 brown, segment 7 dark brown. Thoracic
and basal abdominal sclerites slightly darker than wing
pads and caudal plate. Legs yellow, tarsi light brown.

Structure. Conforming to the generic description of
Ossiannilsson (1992). Body (Fig. 34) 1.3 times as long
as wide. Antenna 7-segmented, 1.0-1.1 times as long as

forewing pad; segments 4-6 1.0 times as long as segment
7; lacking capitate setaec on flagellum. Thoracic tergites
small. Forewing pad broad, rounded apically, with a sin-
gle long, thick, apically pointed marginal seta apically,
lacking dorsal macroscopic setae; hindwing pad with 2
long, thick, apically pointed, marginal setae subapically,
lacking dorsal macroscopic setae. Caudal plate 0.6-0.7
times as long as wide; lacking marginal sectasetae, with
5+5 long, and a few short and medium long margin-
al thick, apically pointed setae (Fig. 35), lacking dorsal
macroscopic setae. Outer circumanal ring (Fig. 36) small,
its length along longitudinal body axis much larger than
its distance from caudal margin of caudal plate; circular,
complete (closed) anteriorly; consisting of a single row of
narrowly oval pores.

Measurements (in mm) (2 individuals). Body length
1.82—1.92; antennal length 0.80—0.84; length of forewing
pad 0.78-0.80.

Etymology. Named after its host, Myrsine.

Distribution. Malaysia: Sabah, Gunung Kinabalu, at
altitudes between 2600-3300 m.

Host plant, biology and habitat. Myrsine dasyphyl-
la Stapf (Primulaceae), an endemic of Borneo (POWO
2023). Cacopsylla myrsines was found in Leptospermum
and open Podocarpus/Leptospermum forests.

Comments. Cacopsylla myrsines shares the slender
genal processes which are as long as or longer than the
coronal suture, the presence of a small genual spine and
1+3+1 apical spurs on the metatibiae, the lack of a dis-
tinct dark pattern on the forewings, the simple slender
paramere, and the long female proctiger with a weakly
sinuate dorsal margin with following species develop-
ing on Elaeagnaceae: Cacopsylla albiumbellatae (Li &
Yang, 1987), C. bomihippophaes (Li & Yang, 1988),
C. foliprominens Li, 2005, C. graciscapa Li, 2005, C.
hippophaes (Foerster, 1848), C. jinaphippophae Li,
2011, C. longicornis Li & Yang, 1992, C. mucronula-
ta Li, 2011, C. nasuta (Horvath, 1904), C. nigraimac-
ulata Li, 2011, C. ginlingielaeagnae Li, 2005, C. tin-
griana (Li & Yang, 1987), C. wushanelaeagna Li, 1997
and C. zetterstedti (Thomson, 1877). It differs from
C. albiumbellatae, C. bomihippophaes, C. folipromin-
ens, C. graciscapa, C. mucronulata, C. ginlingielaeag-
nae and C. nigraimaculata in the straight paramere,
in lateral view (versus sinuate), from C. hippophaes,
C. jinaphippophae, C. longicornis, C. nasuta and C.
zetterstedti in the lens-shaped apical inflation of the
distal segment of the aedeagus (versus hook-shaped),
and from C. tingriana and C. wushanelaeagna in the
relatively narrower forewings (forewing length/width
ratio 2.5-2.6 versus 2.2-2.3). Immatures of C. myrsines
differ from the species listed above, as far as their im-
matures are known, in the presence of thick, apically
pointed (Fig. 35) rather than capitate (Fig. 38) marginal
setae on the wing pads and caudal plate. Similar point-
ed marginal setae are also present in other Cacopsylla
species associated with Elacagnaceae (C. elaeagni (Ku-
wayama, 1908) or C. fulguralis (Kuwayama, 1908)),
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Figures 25-33. Cacopsylla spp., female terminalia. 25, 29, 32, 33. Female terminalia, in lateral view; 26. Distal part of circumanal
ring, in dorsal view; 27, 30. Subapical portion of proctiger, in lateral view; 28, 31. Dorsal and ventral valvulae. 25-28. C. gracili-
forceps; 29-31. C. kinabaluensis; 32. C. myrsines; 33. C. photiniae.

Araliaceae (C. fatsiae (Jensen, 1957), C. boninofatsiae
Inoue & Miyatake, 2001)) or Lardizabalaceae (C. coc-
cinea (Kuwayama, 1908)). Cacopsylla myrsines differs
from these species in details of the male and female ter-
minalia. It is not known whether the Cacopsylia species
associated with the three plant families are closely relat-
ed phylogenetically.

Cacopsylla photiniae sp. nov.
https://zoobank.org/0CC3863F-A3E9-413E-B004-00987A9878BC
Figs 7, 8, 12, 22-24, 33, 37-39

Type locality. Malaysia, Sabah, Ranau, Gunung Kinaba-
lu, Kinabalu Park, summit region, 6.0687°N, 116.5617°E,
3890 m.
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Material examined. Holotype. MALAYSIA * 3'; Sabah,
Ranau, Gunung Kinabalu, Kinabalu Park, summit re-
gion; 6.0687°N, 116.5617°E; 3890 m; 30.iv.1982; D.
Burckhardt leg.; #F8281; subalpine scrub, on Photinia
davidiana (Rosaceae); MHNG, dry. Paratypes. MALAY-
SIA ¢ 30 &, 15 Q; same as holotype but MHNG, NCHU,
NHMB, dry, slide. * 3 &, 6 Q; same but summit region;
6.0687°N, 116.5617°E; 3890 m; 30.iv.1982; D. Burck-
hardt leg.; #F8282; subalpine scrub, on Leptospermum
recurvum (Myrtaceae); MHNG, dry. » 6 &, 8 Q; same
but summit region; 6.0687°N, 116.5617°E; 3890 m;
30.iv.1982; D. Burckhardt leg.; #F8283; subalpine scrub,
on Coprosma hookeri (Rubiaceae); MHNG, NHMB, dry,
slide. * 1 &, 1 Q; same but summit trail, Panar Laban;
6.0594°N, 116.5665°E; 3300 m; 4.v.1987; D. Burckhardt
and 1. Lobl leg.; #13a; moss forest with Ericaceae and
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Myrtaceae; MHNG, dry. ¢, 2 §; same but summit trail,
Panar Laban; 6.0594°N, 116.5665°E; 3300 m; 4.v.1987;
D. Burckhardt and 1. Lobl leg.; #F8756; moss forest with
Ericaceae and Myrtaceae, on Leptospermum recurvum
(Myrtaceae); MHNG, dry. * 1 &'; same but summit trail,
Panar Laban; 6.0594°N, 116.5665°E; 3300 m; 4.v.1987;
D. Burckhardt and 1. Lobl leg.; #F8757; moss forest with
Ericaceae and Myrtaceae, on Myrica javanica (Myrica-
ceae); MHNG, dry. « 11 &, 14 Q; same but summit trail,
Panar Laban; 6.0594°N, 116.5665°E; 3300 m; 4.v.1987;
D. Burckhardt and I. Lobl leg.; #F8758; moss forest with
Ericaceae and Myrtaceae, on Photinia davidiana (Rosa-
ceae); MHNG, dry. » 1 &; same but summit trail, Panar
Laban; 6.0594°N, 116.5665°E; 3300 m; 4.v.1987; D.
Burckhardt and 1. Lobl leg.; #F8759; moss forest with
Ericaceae and Myrtaceae, on Vaccinium sp. (Ericaceae);
MHNG, dry. * 1 @; same but summit trail, Panar Laban;
6.0594°N, 116.5665°E; 3300 m; 4.v.1987; D. Burckhardt
and . Lobl leg.; #F8760; moss forest with Ericaceae and
Myrtaceae, on Rhododendron sp. (Ericaceae); MHNG,
dry. « 1 &, 1 Q; same but summit trail, Panar Laban;
6.0594°N, 116.5665°E; 3300 m; 4.v.1987; D. Burckhardt
and I. Lobl leg.; #F8762; moss forest with Ericaceae and
Myrtaceae, on Rhododendron sp. (Ericaceae); MHNG,
dry. * 3 &'; same but summit trail, Panar Laban; 6.0594°N,
116.5665°E; 3300 m; 4.v.1987; D. Burckhardt and I. Lobl
leg.; #F8765; moss forest with Ericaceae and Myrtaceae,
on Rhododendron rugosum (Ericaceae); MHNG, dry. ¢ 35
&, 38 Q; same but below Laban Rata; 3155 m; 5.v.1987;
A. Smetana leg.; MHNG, dry. * 4 &, 3 Q; same but La-
ban Rata; 3200 m; 4-8.v.1987; A. Smetana leg.; inter-
ception trap; MHNG, dry. « 1 &, 4 Q; same but Laban
Rata; 3200 m; 9-20.v.1987; A. Smetana leg.; interception
trap; MHNG, dry. « 3 &, 4 Q; same but base of St. John’s
Peak; 34504000 m; 20.v.1987; A. Smetana leg.; MHNG,
dry. < 5 &, 4 Q; same but base of St. John’s Peak; 4000
m; 7.v.1987; A. Smetana leg.; MHNG, dry. 2 &, 2 Q;
same but base of St. John’s Peak; 4000 m; 8.viii.1988; A.
Smetana leg.; #B88; MHNG, dry. * 3 @; same but sum-
mit trail; 3900 m; 30.iv.1982; B. Hauser leg.; Sab-82/21;
Berlese leaf litter; MHNG, dry. ¢ 4 immatures; same but
summit trail; 3900 m; 30.iv.1982; B. Hauser leg.; Sab-
82/21; Berlese leaf litter; MHNG, slide. * 1 &; same but
summit trail, near Panar Laban; 3270 m; 30.iv.1982; B.
Hauser leg.; Sab-82/22; Berlese leaf litter; MHNG, dry.
* 1 &; same but summit trail, near Panar Laban; 1850 m;
28.1v.1982; B. Hauser leg.; Sab-82/26; Berlese leaf litter;
MHNG, dry.

Diagnosis. Adult. Vertex 0.4-0.5 times as long as
wide; genal processes 0.9-1.2 times as long as vertex
along midline, strongly narrowing basally, almost cy-
lindrical otherwise, blunt apically, axis subparallel, sep-
arated in the middle. Antenna 1.8-2.0 times as long as
head width; relative length of flagellar segments as 1.0
:0.7:0.6:0.6:0.6:0.4:0.2:0.2. Metatibia with very
small genual spine. Forewing oblong-oval, widest in the
middle, 3.6-3.8 times as long as head width, 2.3-2.5
times as long as broad, costal margin curved; pterostigma

moderately long, irregularly narrowing to apex, with sub-
parallel margins in the middle, ending above bifurcation
of vein M; vein Rs distinctly curved in the middle; m,
cell value 2.2-2.7, cu, cell value 2.5-3.0; veins beset with
short setae; surface spinules present in all cells, leaving
narrow spinule-free stripes along the veins; absent from
basal third of cell ct+sc; fields of surface spinules in each
of the marginal cells widening to wing margin; relative-
ly evenly spaced forming irregular rhombs or squares.
Male proctiger tubular, weakly sinuate, 0.4 times as long
as head width. Subgenital plate strongly sclerotised, in
lateral view subglobular, with almost straight dorsal
margin. Paramere shorter than proctiger, in lateral view,
lamellar, weakly curved, with strongly sclerotised api-
cal hook curved inwards and forwards; inner face with
a subapical group of long bristles, and long setae along
anterior and posterior margin. Distal segment of aedeagus
bearing hook-shaped apical inflation. Female proctiger
0.8 times as long as head width; dorsal margin weakly
concave, apex blunt. Female subgenital plate 0.5-0.6
times as long as proctiger, in lateral view, irregularly nar-
rowing to pointed apex. — Fifth instar immature. Body
1.2—-1.3 times as long as wide. Antenna 1.1-1.2 times as
long as forewing pad; segments 4-6 1.0—1.1 times as long
as segment 7; lacking capitate setae on flagellum. Meso
and metatibia with two long capitate setae. Forewing
pad with 10-14 medium long and long marginal capitate
setae, lacking dorsal macroscopic setae; hindwing pad
with 2 long, marginal capitate setae subapically, lacking
dorsal macroscopic setae. Caudal plate 0.6 times as long
as wide; lacking marginal sectasetae; with 7-8 long mar-
ginal, 3 long submarginal and 1-3 short dorsal capitate
setae (one side only); margin of caudal plate wavy. Outer
circumanal ring small, its length along longitudinal body
axis much larger than its distance from caudal margin of
caudal plate; indented anteriorly, closed anteriorly; con-
sisting of a single row of narrowly oval pores.
Description. Adult. Colouration. Head and thorax
mostly reddish brown, abdomen black (Fig. 7). Head
(Fig. 8) with occiput, coronal suture, foveae and fore mar-
gin of vertex almost black, base of vertex and anterior tips
of vertex white; genal processes yellow. Antennal seg-
ments 1-3 dirty yellowish, segment 4 brown, segments
4-10 almost black. Pronotum white with each a lateral
and sublateral dark brown dot on either side. Mesoprae-
scutum with two sublateral longitudinal stripes in anterior
half and white dots at posterior margin. Mesoscutum with
dark brown longitudinal stripes. Mesoscutellum, in ante-
rior half, black medially, white laterally. Metascutellum
yellowish. Metapostnotum almost black. Fore and mid
legs and metafemora brown. Fore and mid legs with fem-
ora basally dark greyish brown and apically yellow, tibiae
and basitarsi dirty yellow and apicotarsi dark brown; hind
leg with coxa brown anteriorly, ochreous posteriorly, fe-
mur and apicotarsus dark brown and tibia and basitarsus
whitish. Forewing membrane whitish, transparent; veins
light brown in basal half darkening to brown in apical
half. Abdominal intersegmental membrane orange brown.
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Structure. Conforming to the generic description of
Ossiannilsson (1992). Body length & 3.0-3.4 mm, @
2.9-3.9 mm (10 &, 10 Q). Head deflexed 45-80° from
longitudinal axis of body (Fig. 7); as wide as mesoscu-
tum. Vertex (Fig. 8) rhomboidal, 0.4-0.5 times as long a
wide, concave at base, bearing microscopic setae and im-
bricate microsculpture; preocular sclerite narrow; genal
processes 0.9—1.2 times as long as vertex along midline,
strongly narrowing basally, almost cylindrical otherwise,
blunt apically, axis subparallel, separated in the middle,
evenly beset with sparse long setae, apex blunt (Fig. 8);
eyes hemispherical. Rostrum 0.4-0.5 times as long as
head width, in lateral view mostly hidden by mesoster-
num and only apical segment visible. Antenna 1.8-2.0
times as long as head width; relative length of flagellar
segments as 1.0 : 0.7 : 0.6 : 0.6 : 0.6 : 0.4 : 0.2 : 0.2; an-
tennal segment 3 longest; relative length of segment 10
and terminal antennal setae as 1.0 : 1.7 : 1.5. Metatibia
0.7-0.8 times as long as head width, with very small gen-
ual spine, weakly widening to apex, with 1+3+1 apical
spurs. Forewing (Fig. 12) oblong-oval, widest in the mid-
dle, 3.6-3.8 times as long as head width, 2.3-2.5 times as
long as broad, costal margin irregularly curved, relatively
evenly rounded apically; pterostigma moderately long, at
base narrower than adjacent part of cell r , irregularly nar-
rowing to apex, with subparallel margins in the middle,
ending above bifurcation of vein M; vein C+Sc weakly,
relatively evenly curved; vein M+Cu longer than half
length of R; vein Rs distinctly curved in the middle; m,
cell value 2.2-2.7, cu, cell value 2.5-3.0; veins beset with
short setae; surface spinules present in all cells, leaving
narrow spinule-free stripes along the veins; absent from
basal third of cell c+sc; fields of surface spinules in each
of the marginal cells widening to wing margin; relatively
evenly spaced forming irregular rhombs or squares.

Male terminalia as in Figs 22-24. Proctiger tubular,
weakly sinuate, 0.4 times as long as head width; densely
beset with long, setae in apical three quarters. Subgeni-
tal plate strongly sclerotised, in lateral view subglobular,
with almost straight dorsal margin; sparsely beset with
long setae along a broad transverse band stretching from
dorsal margin to postero-ventral margin. Paramere short-
er than proctiger, in lateral view, lamellar, weakly curved,
with strongly sclerotised apical hook which is curved in-
ward and forward; parameres in caudal view, forming O
with dorsally widening margins; outer face sparsely be-
set with long setae in apical two thirds; inner face with
a subapical group of long bristles, and long setae along
fore and hind margin. Aedeagus long and slender; distal
segment bearing hook-shaped apical inflation; sclerotised
end tube of ductus ejaculatorius short, sinuate. — Female
terminalia cuneate (Fig. 33). Proctiger 0.8 times as long
as head width, 3.0-3.5 times as long as circumanal ring
which consists of two unequal rows of pores; dorsal mar-
gin weakly concave, apex blunt; beset with moderately
long setae in basal half, with a transverse row of 4 very
long setae in apical third, a submedian longitudinal row
of slightly shorter setae in apical third, and a lateral band
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of peg setae on either side in apical third. Subgenital plate
0.5-0.6 times as long as proctiger, in lateral view, irreg-
ularly narrowing to pointed apex; except for base beset
with long setae, with a lateral band of peg setae in apical
third on either side. Dorsal and ventral valvulae curved,
the latter with a ventral denticle; lateral valvula irregular-
ly rounded apically.

Measurements in mm (3 &, 3 Q). Head width
0.70-0.78; antenna length 1.36-1.48; forewing length
2.56-2.80; length of male proctiger 0.28—0.30; paramere
length 0.20-0.22; length of distal segment of aedeagus
0.20-0.22; female proctiger length 0.56—0.60.

Fifth instar immature. Colouration of slide mount-
ed specimens. Dorsal sclerites light brown, membranes
colourless. Cephalothorax yellow anteriorly, becoming
gradually darker towards the rear. Antennal segments
1-3 yellow, segments 4—6 brown, segment 7 dark brown.
Thoracic and basal abdominal sclerites slightly dark-
er than wing pads and caudal plate. Legs yellow, tarsi
light brown.

Structure. Conforming to the generic description of Os-
siannilsson (1992). Body (Fig. 37) 1.2—1.3 times as long as
wide. Antenna 7-segmented, 1.1-1.2 times as long as fore-
wing pad; segments 4-6 1.0—1.1 times as long as segment
7; lacking capitate setaec on flagellum. Thoracic tergites
small. Meso- and metatibia with two long capitate setae.
Forewing pad broad, rounded apically, with 1014 medi-
um long and long marginal capitate setae, lacking dorsal
macroscopic setae; hindwing pad with 2 long, marginal
capitate setae subapically, lacking dorsal macroscopic se-
tae. Caudal plate 0.6 times as long as wide; lacking mar-
ginal sectasetae; with 7-8 long marginal, 3 long submar-
ginal and 1-3 short dorsal capitate setae (one side only)
(Fig. 38); margin of caudal plate wavy. Outer circumanal
ring (Fig. 39) small, its length along longitudinal body axis
much larger than its distance from caudal margin of cau-
dal plate; indented anteriorly, complete (closed) anteriorly;
consisting of a single row of narrowly oval pores.

Measurements (in mm) (2 individuals). Body length
1.62—1.66; antennal length 0.84; length of forewing pad
0.70-0.74.

Etymology. Named after its host, Photinia.

Distribution. Malaysia: Sabah, Gunung Kinabalu, at
altitudes between 3200—4000 m. The single male extract-
ed with Berlese funnels from a sample taken at 1850 m
was probably blown there by the wind.

Host plant, biology and habitat. Photinia davidi-
ana (Decne.) Cardot (Rosaceae), a shrub or tree that is
native to Borneo, Sumatra, Vietnam, the PR China and
Taiwan (POWO 2023). Cacopsylla photiniae was found
in moss forest with Ericaceae and Myrtaceae and in sub-
alpine scrub.

Comments. Cacopsylla photiniae resembles C. lari-
cirubera Li, 2011 in the lamellar paramere with a large,
strongly sclerotised apical hook and the lens-shaped api-
cal dilation of the distal aedeagal segment. The latter spe-
cies is known only from a few adults from the Ningxia Hui
Autonomous Region (PR China) collected on conifers.
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Figures 34-39. Cacopsylla spp., fifth instar immature. 34, 37. Habitus, in dorsal view, left side; 35. Long, thick, apically pointed
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marginal seta; 38. Short dorsal capitate seta; 36, 39. Circumanal ring; 34-36. C. myrsines; 37-39. C. photiniae.

Cacopsylla photiniae differs from C. laricirubera in
the longer genal processes (about as long as coronal su-
ture versus two thirds length of coronal suture), in the ba-
sally hardly (versus strongly) incised apical hook on the
paramere, and in the shorter (versus longer) female ter-
minalia. From Palaearctic Cacopsylla species associated

with Rosaceae, C. photiniae differs in the fields of surface
spinules of the forewing widening (versus narrowing) to
the wing margin and the small (versus moderately large)
circumanal ring of the fifth instar immature. In both these
characters, it resembles the Cacopsylla species associated
with Ericaceae with which it may be more closely related
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(cf. comment under C. graciliforceps). Cacopsylla pho-
tiniae differs from these species in details of the male and
female terminalia.

Psylla cirrita sp. nov.
https://zoobank.org/9E5153 AE-1D6A-418C-A554-8869C6CE9TE7
Figs 40, 41, 44-47

Type locality. Malaysia, Sabah, Ranau, Gunung Kinaba-
lu, Kinabalu Park, summit trail, Panar Laban; 6.0594°N,
116.5665°E, 3300 m.

Material examined. Holotype. MALAYSIA * 45 Sabah,
Ranau, Gunung Kinabalu, Kinabalu Park, summit trail,
Panar Laban; 6.0594°N, 116.5665°E; 3300 m; 4.v.1987,
D. Burckhardt and 1. Lobl leg.; #F8764; on Rhododen-
dron sp. (Ericaceae) in moss forest with Ericaceae and
Myrtaceae; MHNG, dry.

Diagnosis. Adult. Vertex 0.4 times as long as wide;
genal processes 1.0 times as long as vertex along midline,
massive, evenly tapering to pointed apex, contiguous me-
dially. Antenna 2.6 times as long as head width; relative
length of flagellar segments as 1.0 : 1.0 : 0.9 : 1.1 : 1.2
: 1.2 : 0.2 : 0.3. Metatibia bearing small genual spine.
Forewing oblong-oval, widest in the middle, 3.2 times as
long as head width, 2.4 times as long as broad; pterostig-
ma regularly narrowing to apex, ending level with the
middle of Rs; vein Rs weakly sinuate; vein M long, with
relatively short, weakly diverging branches; vein Cu,
strongly curved in basal half. Surface spinules present
in all cells, leaving spinule free stripes along the veins;

forming irregular transverse rows. Male proctiger tubular,
weakly sinuate, 0.4 times as long as head width. Subgen-
ital plate strongly sclerotised, in lateral view subglobular,
with almost straight dorsal margin. Paramere shorter than
proctiger, in lateral view, lamellar, weakly curved, with
strongly sclerotised apical hook, curved inwards and for-
wards. Distal segment of aedeagus bearing hook-shaped
apical inflation.

Description. Adult. Colouration. Dark reddish
brown. Genal processes ochreous. Antenna dark brown,
segments 1-3 brown, apices of segments 3-8 and en-
tire segments 9 and 10 almost black. Mesoscutum with
four indistinct longitudinal brown stripes; mesoscutel-
lum reddish brown laterally; metanotum and metapost-
notum ochreous. Legs irregularly ochreous; apical tarsal
segments greyish brown. Forewing colourless at base,
becoming yellow towards apex; veins brown. Abdomen
including terminalia yellowish; tip of paramere black.

Structure. Conforming to the generic description of Li
(2011). Body length 4.7 mm (1 &). Head deflexed 45°
from longitudinal axis of body (Fig. 40); about as wide
as mesoscutum. Vertex (Fig. 41) rthomboidal, 0.4 times as
long a wide, weakly concave at base, bearing short sparse
setae and fine granular microsculpture; preocular scler-
ite narrow; genal processes 1.0 times as long as vertex
along mid-line, massive, evenly tapering to pointed apex
(Fig. 41), contiguous medially, evenly beset with sparse
long setae; eyes hemispherical. Rostrum short, in lateral
view mostly hidden by mesosternum and only apical seg-
ment visible. Antenna 2.6 times as long as head width;
relative length of flagellar segments as 1.0 : 1.0 : 0.9 :

Figures 40—43. Psylla spp. 40, 42. Habitus, in lateral view; 41, 43. Head, in dorsal view. 40, 41. P. cirrita; 42, 43. Psylla sp.
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1.1 :1.2:1.2:0.2:0.3; antennal segments 7 and 8 lon-
gest; relative length of segment 10 and terminal antennal
setac as 1.0 : 0.6 : 0.6. Metatibia 0.7 times as long as
head width, bearing small genual spine, weakly widen-
ing to apex, with 1+4+1 apical spurs. Forewing (Fig. 40)
oblong oval, widest in the middle, 3.2 times as long as
head width, 2.4 times as long as broad, irregularly round-
ed apically; pterostigma, at base narrower than adjacent
part of cell r, regularly narrowing to apex, ending level
with the middle Rs; vein C+Sc weakly curved, cell c+sc
long, widest in the middle; vein Rs weakly sinuate; vein
M long, with relatively short, weakly diverging branches;
vein Cu, strongly curved in basal half. Surface spinules
present in all cells, leaving spinule free stripes along the
veins; forming irregular transverse rows.

Male terminalia as in Figs 44-47. Proctiger tubular,
weakly sinuate, 0.4 times as long as head width; densely
beset with long setae in apical three quarters. Subgeni-
tal plate strongly sclerotised, in lateral view subglobular,
with almost straight dorsal margin; sparsely beset with
long setae along a broad transverse band stretching from
dorsal margin to postero-ventral margin. Paramere short-
er than proctiger, in lateral view, lamellar, weakly curved,
with strongly sclerotised apical hook which is curved in-
ward and forward; parameres in caudal view, forming O
with dorsally widening margins; outer face sparsely beset
with long setae in apical two thirds; inner face with a sub-
apical group of long bristles, and long setae along fore and
hind margin. Aedeagus long and slender; distal segment
bearing rounded apical inflation; sclerotised end tube of
ductus ejaculatorius short, sinuate. — Female unknown.

Measurements in mm (1 &). Head width 1.12; antenna
length 2.88; forewing length 3.56; male proctiger length

0.1 mm

0.40; paramere length 0.38; length of distal portion of ae-
deagus 0.28.

Fifth instar immature unknown.

Etymology. From Latin cirritus = having filaments,
bearded, referring to the conspicuous setae on the genal
processes.

Distribution. Malaysia: Sabah, Gunung Kinabalu, at
an altitude of 3300 m.

Host plant, biology and habitat. Unknown; the ho-
lotype was collected on Rhododendron sp. (Ericaceae) in
moss forest with Ericaceae and Myrtaceae.

Comments. Psylla cirrita shares with Psylla turpinae
Li & Yang from the Guangxi Zhuang Autonomous Region
(PR China) the reddish body colour, the massive genal
processes, the 1+4+1 apical metatibial spurs, the poste-
ro-basally expanded male proctiger and the apically hardly
expanded distal segment of the aedeagus. It differs from P,
turpinae in the pointed (versus blunt) genal processes, the
antennal segment 3 that is shorter (versus longer) than seg-
ments 7 and 8, and the curved (versus sinuate) parameres.
If the similarity between the two species reflects a phyloge-
netic relationship, this needs to be tested with more material
and, in particular, with immatures. A related, undescribed
species was found on Gunung Kinabalu (see comments un-
der Psylla sp.). According to Li (2011), P. turpinae devel-
ops on Dalrympelea pomifera Roxb. (Staphyleaceae), an
unusual psyllid host taxon. It is interesting to note, that of
the eight species recognised in the Southeast Asian genus
Dalrympelea six occur in Borneo (POWO 2023).

Psylla cirrita and P. turpinae are not congeneric with
P alni (Linnaeus, 1758), the type species of Psylla Geof-
froy, 1762. Based on molecular and morphological evi-
dence, Psylla was redefined to include Holarctic species

SN
0.1 mm

0.05 mm

45

Figures 44-47. Psylla cirrita. 44. male terminalia, in lateral view; 45. outer face of paramere; 46. inner face of paramere; 47. apex

of distal aedeagal segment.
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developing on Betulaceae (Burckhardt et al. 2021). The
two Asian species possibly constitute a new genus but
more material including immatures is necessary to ex-
amine their phylogenetic position. Meanwhile, I use the
broad concept of Psylla by Li (2011).

Psylla sp.
Figs 42,43

Material examined. MALAYsIA ¢ 1 Q; Sabah, Ranau,
Gunung Kinabalu, Kinabalu Park, summit trail, Panar La-
ban; 6.0594°N, 116.5665°E; 3300 m; 4.v.1987; D. Burck-
hardt and 1. Lo6bl leg.; #F8763; on Rhododendron sp. (Er-
icaceae) in moss forest with Ericaceae and Myrtaceae;
MHNG, dry. * 1 J; same data but Kinabalu Park, summit
trail below Layang Layang; 6.0419°N, 116.5578°E; 2560
m; 1.v.1987; D. Burckhardt and I. Lobl leg.; #F8735; on
Syzygium sp. (Myrtaceae) in moss forest; MHNG, dry.

Comments. A teneral male and a female (Fig. 42) at
hand resemble Psylla cirrita in general but differ in the
shape of the genal processes (pointed, Fig. 41, versus
obliquely truncate, Fig. 43), and the relative lengths of
antennal segments 3, 7 and 8 (segment 3 shorter versus
longer than segments 7 and 8). There are slight differenc-
es in the male terminalia but they are difficult to interpret
as the male of Psylla sp. is teneral and the terminalia may
not be fully developed.

Discussion and conclusions

Only fragments of the diversity of tropical psyllids are
known and often new species do not fit, or only partial-
ly fit, into described genera. Cacopsylla graciliforceps,
C. myrsines and C. photiniae correspond to the puta-
tively monophyletic concept of Cacopsylla by Ossian-
nilsson (1992) and Percy et al. (2018). The presence of
immatures in the last two species confirms this generic
placement. Cacopsylla graciliforceps resembles species
associated with Ericaceae, including some undescribed
species from Nepal (unpublished NHMB data), and C.
myrsines is morphologically similar to some Palaearctic
species developing on Elaecagnaceae. Cacopsylla photin-
iae, though developing on a rosaceous host, differs mor-
phologically from west Palaearctic species associated
with Rosaceae. It is more similar to species developing
on Ericaceae with which it may be related. Cacopsylla
kinabaluensis, C. aranetae and C. bakeri differ from oth-
er Cacopsylla species in the short vertex, the tubular, me-
dially separated genal processes and the long antennae.
Immatures and molecular data will be necessary to anal-
yse their phylogenetic relationship within the subfamily.
The situation of Psylla cirrita and P. turpinae is similar.
The two species probably warrant the erection of a new
genus but without additional material, in particular im-
matures with host information, the two species are kept
in the polyphyletic Psylla as adopted by Li (2011). The
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five new species described here bring the total number of
known psyllid species from Gunung Kinabalu to 22.

Host plants are only known for two of the five species de-
scribed here. Cacopsylla myrsines develops on Myrsine da-
syphylla (Primulaceae), an endemic of Borneo. Myrsine was
previously reported only once as psyllid host: of Trioza sp.
from New Zealand (Dale 1985). Primulaceae in general is
an atypical psyllid host (Ouvrard 2023). Another confirmed
host is Lysimachia ciliata of Aphalara steironemicola Rich-
ards, 1970. Photinia davidiana (Rosaceae) hosts, apart from
C. photiniae, also the unrelated Taiwanese C. stranvaesiae
(Yang, 1984). It is a shrub or tree native to Southeast Asia,
Central and South China and Taiwan (POWO 2023). Ca-
copsylla graciliforceps probably develops on Ericaceae, a
host taxon utilised also by other Cacopsylla species (see
comment under C. graciliforceps). The hosts of C. kinabalu-
ensis and P, cirrita are unknown, and as their phylogenetic
relationships are unknown, it is impossible to predict their
hosts. It is interesting to note that adults of the Chinese Psy/-
la turpinae, a possibly close relative of P, cirrita, were col-
lected on Dalrympelea pomifera Roxb. (Staphyleaceae) (Li
2011), a plant genus comprising eight species of which six
are endemic to Borneo (POWO 2023).

Cacopsylla graciliforceps, C. myrsines and C. photin-
iae occur at altitudes of 2600-4000 m and are probably
most closely related to species in the Himalaya and tem-
perate Palaearctic. They represent Himalayan elements
similar to those found in the flora (Cockburn 1978; Cor-
ner 1978; Beaman and Beaman 1990). The biogeographi-
cal relationships of C. kinabaluensis and P. cirrita remain
unclear as their phylogenetic relationships are unknown.

Psyllid species are usually quite widespread (Ouvrard
2023). The few examples of narrowly endemic species
are restricted to mountains (Burckhardt and Queiroz
2021; Burckhardt 2022) or islands (Percy 2000, 2017;
Bastin et al. 2023). The vast majority of psyllids known
from Gunung Kinabalu, including all the new species de-
scribed here, are known only from there. Exceptions are
three species of Paurocephala, which also occur outside
Borneo (Mifsud and Burckhardt 2002; Burckhardt et al.
2023), and one species of Boreioglycaspis, which is also
known from other localities in Borneo (Burckhardt 1991).
Paurocephala represents an Oriental faunal element char-
acteristic of the lower altitudes. With additional targeted
fieldwork in Borneo and other Southeast Asian regions,
it is likely that some of the species currently known only
from Gunung Kinabalu may be found also elsewhere, al-
though the degree of endemism would still be high.
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Abstract

Kamchatka is a remote volcanic peninsula in the sub-arctic Far East of Russia. Its myrmecofauna has been scientifically addressed
several times. However, previous species lists are contradictory in part and a modern study seems to be lacking. Based on liter-
ature review, I conclude that 12 species and 4 genera (Camponotus, Formica, Leptothorax and Myrmica) of ants may be native
to Kamchatka. Of those, 9 were found in the field, 3 having a Holarctic, 3 a trans-Palearctic and 3 an East Palearctic distribution.
Most species diversity was found at mid-elevations, in pine shrubs and mixed forests, while deciduous forests and open habitats at
lower altitudes were surprisingly species poor. DNA-barcoding was performed for 57 specimens/9 species. Genetic diversity (COI)
was low for 8/9 species, with the exception of Leptothorax acervorum, for which all samples were of a different haplotype and 2
haplogroups were identified. For the encountered Holarctic and trans-Palearctic species, closely related haplotypes (<0.7% raw dis-
tance) occur in Europe and/or North America. Some Formica ants were morphologically atypical, with workers partially resembling
those of . fusca, while gynes identified as . lemani. Morphometric analysis and DNA-barcoding suggested that all these specimens

belong to a single species, F. lemani. Standard images for all specimens and an illustrated key to the worker caste are provided.
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Introduction

The entomofauna of the Russian Far East is still rela-
tively understudied (Kirichenko et al. 2019). This region
contains some diverse and unique insect communities
(Teslenko 2009). High diversity is found in broad-leave
forest of its southern regions, while diversity in the north-
ern tundra is much lower (Lelej and Storozhenko 2010).
Kamchatka is a large mountainous peninsula in northeast-
ern Russia, located between approximately 51°N—-60°N
and 156°E-164°E (Fig. 1A). Besides being one of the
world’s most volcanically active areas, it is also known
for its epic landscapes and large populations of wild life.
The Kamchatka-peninsula is connected to the Siberian
mainland only by a narrow stripe of mountainous land in
the northern tundra zone (Fig. 1A). To the West lies the
Sea of Okhotsk and the Pacific to the East. Large chains

of volcanic mountains shape the centre, North (Sredinny
Mountains) and South-East (Vostocny Mountains),
while the West, North-East and South are relatively flat
(Fig. 1A). The highest volcano (Klyuchevskoy) reach-
es 4,754 m altitude. The climate is considerd sub-arctic
and milder than in mainland Siberia. Kamchatka’s fau-
na has relatively low diversity and there is not much of
an endemic flora (Storozhenko et al. 2002; Nazarova et
al. 2013; Jones and Solomina 2015). The vegetation of
central Kamchatka consists of boreal forests dominated
by larch (Larix cajanderi) and birch (Betula platyphylla)
(Eichhorn 2010) (Fig. 1B) up to elevations around 800 m
a. s. 1., and Siberian dwarf pine (Pinus pumila) shrubs are
found at elevations between ca. 800—-1500 m (Fig. 1C).
In southern and peripheral parts of the peninsula, there
are open landscapes such as meadows (Fig. 1D) and wet-
lands, but most widespread are boreal deciduous forests

Copyright Sdmi Schér. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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dominated by stone birch (Betula ermanii, Fig. 1E), ex-
tending up to around 800 m a. s. 1. Between 800—1000 m,
these humid “snow forests” are replaced by dwarf pine
shrubs. Above the dwarf pine zone, only alpine tundra
and plantless landscapes remain (Krestov et al. 2008).

The ant fauna of Kamchatka has been described by sev-
eral authors during the past century. Different sources in
sum reported at least 25 different ant taxa from Kamchatka.
However, these publications are contradicting each other
regarding the presence and absence of species (Table 1).
Some of this confusion may have been introduced by the first
species list (Ruzsky 1920). This list deviates quite strong-
ly from later studies on ants from Kamchatka (Table 1),
casting doubt whether the underlying material truly orig-
inated (only) from Kamchatka. Additionally, distributions
of species reported from Kamchatka earlier are now better
understood due to recent taxonomic revisions. The status
of these taxa may therefore require verification. Recent
work has also raised the possibility of cryptic diversity in
two relevant species (Formica candida and F. gagatoides)
(Zhigulskaya et al. 2022; Chesnokova et al. 2023).

DNA-barcoding has become an important tool for bi-
ologists. Its various applications include the identifica-
tion, molecular taxonomy, classification of poorly known
biota, phylogeography and studies of ecological and evo-
lutionary patterns (Hebert et al. 2016). The main repos-
itory for DNA-barcodes, the public “Barcoding Of Life
Data System” (BOLD) database (Ratnasingham and He-
bert 2007) now contains more than 13 million specimens
with DNA-barcodes, representing nearly 345,000 spe-
cies. This resources allows comparison of new sequences
to a large amount of reference material.

The aim of this study was to compile a reliable, up to
date checklist of ants occurring in Kamchatka, to study
their distribution, ecology and genetic relationships as in-
ferred by mtDNA sequences. Additionally, it was the aim
to clarify the taxonomic identity of ants from Kamchatka
morphologically resembling Formica fusca (setac on pro-
notum absent) and F. lemani (setae on pronotum present).
Providing high resolution specimen images and an illustrat-
ed identification key to the species level was another aim.

Methods

Checklist and field observations

A total of 14 literature sources containing substantial
information about ants in Kamchatka, were reviewed.
Species records were classified by reliability according
to two categories: “reliable” (supported by multiple, in-
cluding recent sources) and “questionable” (supported
by single and/or dated sources, but contradicted by more
recent work). Ants were collected manually in >95% eth-
anol in § localities in Kamchatka (Fig. 1A). Geographic
coordinates and elevations were recorded for each sam-
ple using a Garmin etrex 10 GPS device. Habitats were
photographed during field observations. Specimens were

alpineentomology.pensoft.net

pinned for morphological study or kept in >95% ethanol
at-20 °C. All specimens are stored in the private collection
of the author (Dietikon, Switzerland). A key to the worker
caste was developed based on comparative morphology of
material in the author’s collection and inspired by litera-
ture (Radchenko and Elmes 2010; Seifert 2018). Pictures
of specimens were taken using a Samsung Galaxy Xcover
5 cell phone in combination with a Leica EZ4 binocular at
16-70 x magnification. Focus stacking and image process-
ing was performed using the programs align_image stack
v.2019.0.0, Enfuse 4.2 and GIMP v. 2.10.30.

DNA-barcoding

DNA-barcoding was performed performed de novo
for 47 ant specimens by the company Sinsoma GmbH
(Vols, Austria). For COI, the primer pair LCO1419 und
HCO2198 (Folmer et al. 1994) were used, yielding 658 bp
of the barcode region of the COI gene. The resulting
chromatograms were edited in UGENE 46.0 (Okonech-
nikov et al. 2012). Sequences were aligned using MAFFT
v7.490 (Katoh and Standley 2013). A total of 10 sequenc-
es published earlier (Schér et al. 2018) were added, yield-
ing a data set of 57 sequenced specimens in total. A max-
imum likelihood tree was calculated in IQ-TREE v1.6.12
(Nguyen et al. 2015), selecting the TIM2+F+I model with
ModelFinder (Kalyaanamoorthy et al. 2017). Monophyly
of the subfamilies was enforced by constraint. Sequences
were collapsed into haplotypes and a haplotype network
was visualized using the R package “pegas” (Paradis
2010) in R v4.2.3 (R Core Team 2023). Within species
raw genetic distances were calculated using the R package
“ape” (Paradis and Schliep 2019). All retrieved unique
COlI sequences were compared to sequences on BOLD.

Formica lemani or F. fusca?

Worker specimens of suspected F. lemani from Kamchat-
ka displayed some morphological traits intermediate be-
tween F. lemani and F. fusca. Therefore, a morphometric
analysis was performed to clarify their identity. Measure-
ments were taken using a Leica EZ4 binocular with grati-
cule at 70x magnification. A total of 110 specimens from
the author’s private collection were examined: 67 speci-
mens of Formica lemani, 31 workers and 3 gynes from
Kamchatka and 28 workers and 5 gynes from Europe. For
comparison, 43 specimens (39 workers and 4 gynes) of
F. fusca from Europe were measured as well. The follow-
ing measurements were taken as suggested and defined by
Seifert (2018): SL, EYE, OceD, nPn and nHFfl (workers)
and SL, nPn and nMFfl (gynes). The discriminant given
by Seifert (2018) to separate F. lemani (positive values)
from F. fusca (negative values) was calculated for work-
ers (D =10.385 * nPn+ 0.51 * nHFfl - 6.546 * SL - 27.22
*EYE +38.46 * OceD + 10.578) and gynes (-D=0.215 *
nPn + 0.666 * nMFfl - 7.179 * SL + 8.657).
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Figure 1. A. Map of Kamchatka and the study sites (numbered 1-8). The main types of habitats along with their location on the
map (numbers) are given as well: B. Larch/birch forest near Esso; C. Dwarf pine zone near Esso; D. Open lowland meadow near
Yelizovo; E. Stone birch forest near Petropavlovsk. Pictures: S. Schr.

Results

Checklist and field observations

Literature review suggested a relatively clear distinction
between reliable and questionable records among the 25
species of ants reported from Kamchatka (Table 1). For
a total of 12 reported species, presence in Kamchatka
seems reliable. These taxa were mentioned by at least
2 independent sources and including sources published
within the last two decades. They belong to 4 genera
(Camponotus Mayr, 1861, Formica Linnaeus, 1758,
Leptothorax Mayr, 1855, and Myrmica Latreille, 1804).
For the other 13 species and 1 genus (Lasius Fabricius,
1804), reports from Kamchatka appear questionable and

these taxa are considered absent from Kamchatka for the
remaining manuscript. These questionable records were
reported by a single (n = 11) or multiple (n = 2) dated
sources, but have all been contradicted by more recent
work (Table 1).

A total of 9 species of ants were found across 8 locali-
ties in Kamchatka (Fig. 1A) during a search of the author
in the year 2016 (Table 1). Of those, 3 species are restrict-
ed to the East Palearctic, 3 have a (trans-) Palearctic and 3
a Holarctic distribution range (Table 2). Ants were found
from sea level up to an altitude of approximately 1000 m.
At low and intermediate elevations, they inhabited mead-
ows (Fig. 1D), stone birch- (Fig. 1E) and larch/birch
forests (Fig. 1B). At higher altitudes they were found in
the dwarf pine zone (Fig. 1C). Ant species compositions

alpineentomology.pensoft.net
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Table 1. Checklist of ants reported from Kamchatka grouped by reliability, ordered alphabetically. Meaning of symbols: + present;

(+) presence indicated by a different name; - absent/out of range.

Species Source
—_ P~ N = © T= o _ - -5‘
: S3 B3 23 5 s§isi 5 <3
3 - 2N T GO 2 SO ENENEQ >N ANX Ge
o 2 £8 ¥ §8 5§ §8 289 3,223 t3 %5
g =~ 2 5- 2 %.N_‘:N Qo”ggNgNﬁé
S 2 £ 285 g8 ENBiE & 2z
= = = e E Q ow® £ L = 8
reliable
1 Camponotus herculeanus (Linnaeus, 1758) + + + (+) +
2 Formica candida Smith, 1878 + + +
3 Formica exsecta Nylander, 1846 + + + + +
4 Formica gagatoides Ruzsky, 1904 + + + +
5 Formica lemani Bondroit, 1917 + + + + +
6 Formica lugubris Zetterstedt, 1838 + + + + + +
7 Leptothorax acervorum (Fabricius, 1793) + + + + +
8 Leptothorax muscorum (Nylander, 1846) + + +
9  Myrmica displicentia Bolton, 1995 (+) + + +
10 Myrmica kamtschatica Kupyanskaya, 1986 + + + + +
11 Myrmica ruginodis Nylander, 1846 +
12 Myrmica sulcinodis Nylander, 1846 + + +
questionable
13 Camponotus japonicus Mayr, 1866
14 Camponotus saxatilis Ruzsky, 1895 +
15 Formica aquilonia Yarrow, 1955
16  Formica fusca Linnaeus, 1758 +
17  Formica picea Nylander, 1846 +
18 Formica rufa Linnaeus, 1761 +
19  Formica sanguinea Latreille, 1798 +
20 Lasius flavus (Fabricius, 1782) +
21  Lasius myops Forel, 1894
22 Lasius niger (Linnaeus, 1758)
23 Myrmica angulinodis Ruzsky, 1905 +
24 Myrmica kasczenkoi Ruzsky, 1905 +
25 Myrmica rubra (Linnaeus, 1758) +

Table 2. Biogeography, ecology and genetics of 9 common species of ants from Kamchatka. Abbreviations of biogeographic re-
gions: H: Holarctic; P: Palearctic; EP: East-Palearctic.

Species N Ecology Genetic raw distance (%)
[ = (%]
.2 = = o  Altitude (m) o
5 T2, £, = =
2 £ c S gogw a9 . i
2 8593838 2p ) Within vs North
2 S8 2558 sR ZS Kamchatka ° Europe  pmerica
(=] 28" E D =
(7] = (=]
Camponotus herculeanus 3 H + 503-599 1 0 >1.67 >0.69
Formica lemani 12 P + + 18-841 2 0-0.15 >0.64
Formica lugubris 6 P + + + 48-841 1 0 >0
Formica candida 5 EP 34-503 1 0
Formica exsecta 4 P 526-951 1 0 >0.15
Formica gagatoides 7 H + 575-951 1 0 >1.37 >0.52
Leptothorax acervorum 7 H + 28-833 7 0.15-2.13 >0.15 >0.15
Myrmica displicentia 5 EP + 25-148 2 0-0.31
Myrmica kamtschatica 8 EP + + + 14-834 1 0

in these habitat types are shown in Table 2. Larch/birch
forests at mid-elevations harbored the highest number of
species, while the widespread stone birch communities at
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low elevations were species poor, with only 3 ant species
observed (Table 2). No ants were observed in alpine tun-
dra and plant-less habitats above 1200 m a. s. 1.
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SS16B260 F. lemani Esso
SS16B242 F. lemani Esso
SS16B189-1 F. lemani Yelizovo

BS support SS16B195 F. lemani Esso
SS16B215-1 F. lemani Yelizovo

® 95-100% S816B176 F. lemani Paratunka
SS16B240 F. lemani Yelizovo

o 90-95% SS16B211 F. lemani Petropavlovsk
SS16B178 F. lemani Atlasovo

o <90% SS16B199-2 F. lemani Yelizovo

SS16B285-3 F. lemani Yelizovo

SS16B203 F. femani Yelizovo

SS16B181 F. lugubris Yelizovo

SS16B236 F. lugubris Esso

SS816B237 F. lugubris Malka

SS16B276 F. lugubris Esso

SS16B285-2 F. lugubris Yelizovo

SS16B189-2 F. lugubris Yelizovo

SS16B192-3 F. exsecta Esso

SS16B303 F. exsecta Esso

SS16B272 F. exsecta Esso

SS16B214 F. exsecta Esso

SS16B177 F. gagatoides Blue lakes

SS16B245-2 F. gagatoides Esso

SS16B190 F. gagatoides Esso

SS16B274-3 F. gagatoides Esso

SS16B225 F. gagatoides Blue lakes

SS16B192-2 F. gagatoides Esso

SS16B187 F. gagatoides Blue lakes

SS16B199-1 F. candida Yelizovo
SS16B301 F. candida Esso

r SS16B238 F. candida Yelizovo

SS16B234 F. candida Milkovo

SS16B220 F. candida Yelizovo

SS16B241 C. herculeanus Esso

SS16B293 C. herculeanus Esso

SS16B274-2 C. herculeanus Esso
SS16B185 M. kamtschatica Petropaviovsk
SS16B201 M. kamtschatica Esso
SS16B230 M. kamtschatica Blue lakes
SS16B255-1 M. kamtschatica Yelizovo
SS16B216-2 M. kamtschatica Blue lakes
SS16B219 M. kamtschatica Esso
SS16B193 M. kamtschatica Petropaviovsk
SS16B221 M. kamtschatica Blue lakes

SS16B202 M. displicentia Yelizovo

% SS16B285-4 M. displicentia Yelizovo

® constrained

substitutions/site

0.03

SS816B227-1 M. displicentia Yelizovo

SS16B210 M. displicentia Petropaviovsk

SS16B262 M. displicentia Yelizovo

. SS16B274-1 L. acervorum Esso

SS16B216-3 L. acervorum Blue lakes

SS16B218 L. acervorum Esso

SS16B215-2 L. acervorum Yelizovo

SS16B186 L. acervorum Blue lakes

? SS16B285-1 L. acervorum Yelizovo
SS16B188 L. acervorum Esso

Figure 2. Maximum-likelihood tree of 57 COI DNA-barcode sequences representing 9 species of ants from Kamchatka. Pictures:
S. Schir.

DNA-barcoding

comparison to sequences on BOLD revealed that all except
one encountered haplotypes of ants from Kamchatka were

DNA-barcoding succeeded in high quality for all 9 species
and 57 specimens examined. For all but 2 specimens, the
full length DNA-barcode (658 bp) could be retrieved. The
exceptions were a specimen of M. kamtschatica and one
of M. displicentia, for which sequences of 651 and 647 bp
length were obtained. All 9 studied species were separat-
ed by a clear DNA-barcoding gap (Fig. 2). Interspecific
genetic raw distance ranged from 2.3% (F. candida vs. F.
gagatoides) to 22.5% (C. herculeanus vs. L. acervorum).
Genetic diversity was low and for 6 of the 9 investigated
species, only a single COI haplotype was found. Another 2
species (Formica lemani and Myrmica displicentia) were
represented by 2 haplotypes each. The exception was Lep-
tothorax acervorum, for which all 7 sequenced specimens
displayed a different haplotype, and two haplogroups were
detected (Fig. 3). Genetic raw distances within L. acer-
vorum ranged between 0.15%-2.13% (Table 2). Genetic

private, not found anywhere else so far. The exception is the
only haplotype found for F. lugubris, which also occurs in
Finland (Roslin et al. 2022). Closely related sequences were
found for all observed haplotypes (Table 2), with the ex-
ception of the two Myrmica species endemic to East Asia.
For those, the most closely related sequences were from un-
identified Myrmica from the Primorje region of Far Eastern
Russia (M. displicentia: 97.22%; M. kamtschatica: 97.41%
similarity). Sequences were made accessible via the Euro-
pean Nucleotide Archive (see ESM for accession numbers).

Formica lemani or F. fusca?
The discriminant D suggested by Seifert (2018) to distin-
guish F. lemani from F. fusca in Europe allowed almost

complete separation between the two species for samples

alpineentomology.pensoft.net
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Haplogroup 2

@ Europe
[ Kamchatka
[ North America @

Figure 3. Haplotype network for 18 COI DNA-barcode se-
quences of Leptothorax acervorum. Sequences not from Kam-
chatka are from Schér et al. (2018).

from Europe. Only a single F. fusca worker had a value
for D slightly surpassing 0 (Fig. 4). For the investigated
workers from Kamchatka, values of D were intermediate
between European F. lemani and F. fusca (Fig. 4). About
two-thirds (68%) of these workers had negative values of
D, as European F. fissca, while the remaining third (32%)
had positive values of D, as European F. lemani. None
of the colonies from Kamchatka contained only workers
with positive values of D, unlike European F. lemani. A
different result was found for the 3 available gynes from

Key to the worker caste for the ants of Kamchatka

1 Waist 2 segmented.........coooviiiiiiiiiiiiii
- Waist 1 segmented.........coooviiiiiiiiiiiiii
2 Antenna 11 segmented .........cccoviiiiiiiiiii

- Antenna 12 segmented
3 Tibiae with standing setae...............
- Tibiae with adjacent hairs only

5.0

A
Py %0
A A
A K y
25 N A
P s
A
o, L4 Al
oA
- S
e A £ /A Caste
A
A L
S D U S K adb A 4| © Gyne
’ A A AL AY A Worker
A A4 YA
.tA.A.A A A& Aa
A i A &
£ &
"y AL &
45 TK%
25 ) A
o
A A
A A

F. fusca (Europe) F. Jlemani (Europe) F. lemani (Kamchatka)

Figure 4. Scatterplot showing a morphometrical comparison
of 34 Formica lemani ants from Kamchatka with 33 F. lemani
specimens from from Europe and 43 F. fissca specimens from
Europe. The discriminant D has been calculated according to
Seifert (2018). For gynes, D was multiplied by -1 in order to
match directionality of the discriminant used for workers. Sym-
bols connected by lines are specimens from the same nests.

Kamchatka, all of which yielded discriminant values
suggestive of F. lemani. Additionally, they also showed a
trait of F. lemani-gynes not included in the discriminant
calculation, namely a shiny tergite I (covered by dense
pubescence in F. fusca). Two of these gynes were found
in the same nest with workers with partially negative val-
ues of D, as in European F. fusca (Fig. 4).

Leptothorax acervorum
Leptothorax muscorum

4 In face view, frontal carinae curved around antennal sockets (Fig. 5A). In caudal view, antennal scape gently curved, long
and slender proximally, continuously increasing in width distally (Fig. 5C).....coooviiiiiiiiiiiiin, Myrmica ruginodis
- In face view, frontal carinae extend along head (curved rugae may be present underneath, Fig. 5B). In caudal view, an-
tennal scape strongly curved or angled, robust, more or less equally wide along its length (Fig. 5D-F).........cccovvvinnnnn. 5
5 In caudal view, antennal scape sharply angled near insertion, its foot with a narrow, vertical fold (Fig. 5D). Mesosoma
usually dark brown, propodeal spines short (Fig. 5G)......ccoiiiiiiiiiiiiiiiec e Myrmica kamtschatica
- In caudal view, antennal scape curved near insertion, its foot without a vertical fold (a dark vertical line may be present)
(Fig. 5E, F). Mesosoma yellowish to reddish brown, propodeal spines may be short or long (Fig. 5H, 1)......cccoovviininnnnn. 6
6 In lateral view, propodeal spines long and slender. Sides of petiole with distinct horizontal rugae (Fig. 5H)...................
........................................................................................................................................................ Myrmica sulcinodis
- In lateral view, propodeal spines short. Sides of petiole smooth or with weak, irregular sculpture (Fig. 51).......oueeinee.
...................................................................................................................................................... Myrmica displicentia
7 In lateral view, dorsal outline of mesosoma not interrupted, convex or straight. Large, massive species, total length

s LI 1 01 o PP P PP PPTPTTRTI Camponotus herculeanus
- In lateral view, dorsal outline of mesosoma interrupted, promesonotum bulged above level of propodeum. Smaller spe-

(ol (oS (o = Y T=Ta Yot IR R s o o DT UPPP PSPPI 8
8 In full face view, posterior margin of head distinctly concave...........cccovviiiiiiiii e, Formica exsecta
- In full face view, posterior margin of head straight Or CONVEX........ccoiiiiiiiiiiiiii e 9
9 In full face view, posterior margin of head with abundant setae. Body bicolored (black/reddish)............ Formica lugubris
- In full face view, posterior margin of head without or only scattered setae. Body concolorous dark ............ccccoevvennnnn. 10
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10 In dorsal view, entire gaster smooth and glossy. All tergites only with single, scattered microscopic pubescence hairs

(Fig. 5J). Pronotum with setae...........ocoeviiiiiiiiiiin,

...................................................................... Formica candida

- In dorsal view, at least tergite | matt, covered by a dense carpet of microscopic pubescence hairs (Fig. 5K, L) Pronotum

often without setae ......ccovviiiiiiiii

......................................................................................... 11

11 In dorsal view, tergite Il shiny, with notably less dense pubescence than tergite | (Fig. 5K)............... Formica gagatoides

- In dorsal view, tergite Il matt, with pubescence similarly dense as on tergite | (Fig. 5L)

Discussion

Checklist, biogeography and altitudinal patterns

Based on literature review, field work and DNA-barcod-
ing, I conclude that the ant species diversity of Kamchat-
ka is lower than could be assumed based on the published
record. Unreliable, earlier species records may be based
on incorrect collection information, taxonomic changes or
misidentifications of taxonomically difficult taxa. Howev-
er, Kamchatka is a large peninsula and most of it is poorly
explored. Thus, the 12 species recognized here may be a
conservative estimate. The low observed number of ant
species encountered may be explained by the cold climate
of Kamchatka in combination with its geographic isola-
tion. The only land bridge connecting it to the mainland
is mountainous and located at around 60°N (Fig. 1A).
Most ant species are sensitive to low temperatures and
only exceptionally cold resistant species are likely to have
colonized the peninsula via this route. The southern part
of the landmass is separated from the mainland by several
hundreds of kilometers of ocean. Therefore, in contrast to
boreal species, species adapted to more temperate climate
may not have been able to colonize Kamchatka. This may
also explain why only moderate altitudinal variation in
ant communities was observed. Of the 9 species encoun-
tered in the field, 4 (F. lemani, F. lugubris, L. acervorum
and M. kamtschatica) were found across the entire altitu-
dinal range observed to be inhabited by ants (0—1000 m).
Two species (F. candida and M. displicentia) were ob-
served only below and 3 (C. herculeanus, F. exsecta and
F. gagatoides) only above roughly 500 m a. s. l. (Table 2).
The highest number of species was found at an interme-
diate altitude of around 500 m a. s. l., where all of these
species could potentially co-occur. The low species and
genetic diversity of ants also support the previous notion,
that the fauna of Kamchatka resembles that of an island
rather than that of a mainland peninsula (Jones and Sol-
omina 2015).

DNA-barcoding

Similar to the low observed species diversity, genetic di-
versity and within species divergence in mtDNA was low
too (Table 2). This could be a result of an edge effect due
to recent colonization of Kamchatka by the investigated
species. The exception was L. acervorum, which displayed
a surprising level of COI diversity, with every sequenced

Formica lemani

sample being of a different haplotype and genetic distance
raging up to 2.13% (Table 2). The latter high genetic dis-
tance was found due to a divergent L. acervorum sample
(Figs 2, 3), belonging to a haplogroup previously only
known from North America (Smith et al. 2016; Schir et
al. 2018) (Fig. 3). The high genetic diversity found within
L. acervorum in Kamchatka is surprising. Possible expla-
nations include that Kamchatka has been a long term ref-
uge for this species. Alternatively, it could be suggestive
of a strong dispersal ability of L. acervorum, i. e. wind
dispersal of the small sexual castes over long distances.
This latter theory is also supported by a previous observa-
tion of an L. acervorum-haplotype occurring in both Can-
ada and Europe (Ojeda et al. 2021). For the 3 Holarctic
species (C. herculeanus, F. gagatoides and L. acervorum),
comparison of DNA-barcodes with sequences on BOLD
revealed the existence of closely related haplotypes (<1%
distance) in North America (C. herculeanus and F. gaga-
toides) or in Europe and North America (L. acervorum).
This suggests more recent gene-flow across Beringia than
between West and East Palearctic in these taxa. On the
other hand, low or even lack of genetic distances were
found for the three Formica species with trans-Palearctic
distributions (F. exsecta, F. lemani and F. lugubris). This
could mean that the latter have expanded their distribution
ranges more recently than the former three Holarctic spe-
cies. It is less likely to be caused by better dispersal abil-
ity of F. exsecta, F. lemani and F. lugubris, because they
are absent from the Nearctic. The two Myrmica species
endemic to East Asia (M. displicentia and M. kamtschat-
ica) have not been represented on BOLD before. Com-
parison to other BOLD specimens supported the current
placement of both taxa within the M. lobicornis species
group (Radchenko and Elmes 2010) and their separate
status from other sequenced members of this group.

Formica lemani or F. fusca?

Among the questionable ant species records from Ka-
mchatka, F fusca is the one mentioned by the the most
(3) literature sources (Table 1). Two of these sources
also mentioned F. lemani from Kamchatka. Among the
worker specimens examined here, two-thirds showed
morphological traits more suggestive of F. fusca, while
one third was suggestive of F. lemani (Fig. 4). Thus,
the presence of both species appears plausible at first.
However, two observations lead to the conclusion that all
of these specimens belong to the same species:
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A C
Myrmica ruginodis
D
Myrmica kamtschatica
E
B

Myrmica sulcinodis

Myrmica displicentia

M. sulcinodis
| ‘

M. displicentia

Formica candida

Formica gagatoides

Formica lemani

Figure 5. Morphological traits used for the identification of ants found in Kamchatka (see identification key).

1. Specimens with both morphologies are found in the
same nests (Fig. 4), and no nest contained exclu-
sively specimens with the traits of F. lemani.

2. All but one sequenced colonies had the same COI
haplotype (Fig. 2). The remaining sequence differed
from the others by just a single nucleotide change
(0.15%, Table 2).

Additionally, despite the majority of workers resem-
bling F fusca, it is argued here that the name of this species
is F. lemani rather than F. fusca, unless F. lemani would
be revealed as a junior synonym of F. fissca in the future.
This conclusion is entirely based on the morphology of
gynes. Gynes of the two taxa are more distinguishable
than workers. Workers differ almost only by the number
of macro-setae, a trait that can vary within species in Hy-
menoptera (Sandrock et al. 2011) and therefore should be
viewed as insufficient for taxonomic decision making. In
gynes, the pubescence density on the first tergite is an addi-
tional trait used for discrimination of the two taxa: the first
tergite of F. fusca gynes is covered by dense pubescence
dorsally, leading to a matt appearance, while this body

alpineentomology.pensoft.net

part is smooth and shiny due to low pubescence density
in F lemani gynes (Seifert 2018). The three gynes found
from Kamchatka all had a shiny first tergite, along with
high numbers of setae typical for F. lemani (Fig. 4). Two
of these gynes were found in the same nest with workers
resembling F. fusca (Fig. 4). In previous investigations,
F fusca and F. lemani could not be separated based on
nuclear microsatellite markers (Seppé et al. 2011) and mi-
tochondrial COI sequences (Schir et al. 2018). Similarly,
rather low support for heterospecificity of these two taxa
was also found for the mitochondrial Cyt-b gene (Antonov
and Bukin 2016). It is therefore possible that . fissca and
F. lemani are morphs of the same species and this should be
investigated in the future. If so, the name F. fissca Linnaeus,
1758 would have priority over F. lemani Bondroit, 1917.

Acknowledgments
Special thanks to several unknown, friendly people from

Kamchatka for their hospitality and support. Furthermore,
I thank an anonymous reviewer for helping to improve an



Alpine Entomology 8 2024, 19-28

27

earlier version of this manuscript. This work was partial-
ly supported by the Swiss National Science Foundation
(SNSF) (project P2SKP3 161677).

References

Antonov IA, Bukin YuS (2016) Molecular phylogenetic analysis of
the ant genus Formica L. (Hymenoptera: Formicidae) from Pale-
arctic region. Russian Journal of Genetics 52: 810—820. https://doi.
org/10.1134/S1022795416080020

Antropov AV, Astafurova YuV, Belokobylskij SA, Byvaltsev AM,
Danilov YuN, Dubovikoff DA, Fadeev KI, Fateryga AV, Kurzenko
NV, Lelej AS, Levchenko TV, Loktionov VM, Mokrousov MV,
Nemkov PG, Proshchalykin MYu, Rosa P, Sidorov DA, Sundukov
YuN, Yusupov ZM, Zaytseva LA (2017) Annotated catalogue of
the Hymenoptera of Russia. Volume I: Symphyta and Apocrita:
Aculeata. In: Belokobylskij SA, Lelej AS (Eds) Proceedings of the
Zoological Institute Russian Academy of Sciences. Supplement 6,
1-475. https://doi.org/10.31610/trudyzin/2017.supl.6.5

Chesnokova SV, Vaulin OV, Zhigulskaya ZA, Novgorodova TA (2023)
Formica gagatoides Ruzsky, 1904, and Siberian F. kozlovi Dlussky,
1965 (Hymenoptera: Formicidae); Two or One Species? Diversity
15: 686. https://doi.org/10.3390/d15050686

Collingwood CA (1962) Some ants (Hym. Formicidae) from north-east
Asia. Entomologisk Tidskrift: 215-230.

Czechowski W, Radchenko A, Czechowska W (2002) The ants
(Hymenoptera, Formicidae) of Poland. Museum and Institute of
Zoology, Polish Academy of Sciences, Warsaw. https://antcat.org/
documents/4450/Czechowski_et al 2002 The ants of Poland.pdf

Dlussky GM (1965) Ants of the genus Formica L. of Mongolia and
northeast Tibet (Hymenoptera, Formicidae). Annales Zoologici 23:
15-43. https://doi.org/10.5281/zenodo.26407

Eichhorn MP (2010) Boreal Forests of Kamchatka: Structure and Com-
position. Forests 1: 154-176. https://doi.org/10.3390/f1030154

Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R (1994) DNA prim-
ers for amplification of mitochondrial cytochrome ¢ oxidase subunit
I from diverse metazoan invertebrates. Molecular Marine Biology
and Biotechnology 3: 294-299.

Goropashnaya AV, Fedorov VB, Seifert B, Pamilo P (2004) Limited
phylogeographical structure across Eurasia in two red wood ant spe-
cies Formica pratensis and F. lugubris (Hymenoptera, Formicidae).
Molecular Ecology 13: 1849—1858. https://doi.org/10.1111/j.1365-
294X.2004.02189.x

Goropashnaya AV, Fedorov VB, Seifert B, Pamilo P (2007) Phylogeogra-
phy and population structure in the ant Formica exsecta (Hymenop-
tera, Formicidae) across Eurasia as reflected by mitochondrial DNA
variation and microsatellites. Annales Zoologici Fennici 44: 462—474.

Hebert PDN, Hollingsworth PM, Hajibabaei M (2016) From writing to
reading the encyclopedia of life. Philosophical Transactions of the
Royal Society B: Biological Sciences 371: 20150321. https://doi.
org/10.1098/rstb.2015.0321

Jones V, Solomina O (2015) The geography of Kamchatka. Global
and Planetary Change 134: 3-9. https://doi.org/10.1016/j.glopla-
cha.2015.06.003

Kalyaanamoorthy S, Minh BQ, Wong TKF, von Haeseler A, Jermiin LS
(2017) ModelFinder: fast model selection for accurate phylogenet-
ic estimates. Nature Methods 14: 587-589. https://doi.org/10.1038/
nmeth.4285

Katoh K, Standley DM (2013) MAFFT Multiple Sequence Align-
ment Software Version 7: Improvements in Performance and Us-
ability. Molecular Biology and Evolution 30: 772—780. https://doi.
org/10.1093/molbev/mst010

Kirichenko N, Triberti P, Akulow E, Ponomarenko M, Gorokhova S,
Sheiko V, Ohshima I, Lopez-Vaamonde C (2019) Exploring species
diversity and host plant associations of leaf-mining micromoths
(Lepidoptera: Gracillariidae) in the Russian Far East using DNA
barcoding. Zootaxa 4652: 1-55. https://doi.org/10.11646/zoot-
axa.4652.1.1

Krestov P, Omelko A, Nakamura Y (2008) Vegetation and natural hab-
itats of Kamchatka. Berichte der Reinhold-Tiixen-Gesellschaft 20:
195-218.

Kupianskaya AN (1990) Ants (Hymenoptera, Formicidae) of the USSR
Far East [In Russian]. Far East Branch of Academy of Sciences
USSR, Vladivostok, 258 pp.

Lelej AS, Storozhenko SYu (2010) Insect taxonomic diversity in the
Russian Far East. Entomological Review 90: 372-386. https://doi.
org/10.1134/S001387381003005X

Nazarova L, Hoog V de, Hoff U, Dirksen O, Diekmann B (2013) Late
Holocene climate and environmental changes in Kamchatka inferred
from the subfossil chironomid record. Quaternary Science Reviews
67: 81-92. https://doi.org/10.1016/j.quascirev.2013.01.018

Nguyen L-T, Schmidt HA, von Haeseler A, Minh BQ (2015) IQ-TREE:
A Fast and Effective Stochastic Algorithm for Estimating Maxi-
mum-Likelihood Phylogenies. Molecular Biology and Evolution
32:268-274. https://doi.org/10.1093/molbev/msu300

Ojeda DI, John M, Hammond RL, Savolainen R, Vepsildinen K,
Kvamme T (2021) Phylogeny of the Formicoxenus genus-group
(Hymenoptera: Formicidae) reveals isolated lineages of Leptothorax
acervorum in the Iberian Peninsula predating the Last Glacial
Maximum. bioRxiv. https://doi.org/10.1101/2021.11.05.467305

Okonechnikov K, Golosova O, Fursov M, the UGENE team (2012)
Unipro UGENE: a unified bioinformatics toolkit. Bioinformatics 28:
1166—1167. https://doi.org/10.1093/bioinformatics/bts091

Paradis E (2010) pegas: an R package for population genetics with an
integrated—modular approach. Bioinformatics 26: 419-420. https://
doi.org/10.1093/bioinformatics/btp696

Paradis E, Schliep K (2019) ape 5.0: an environment for modern phy-
logenetics and evolutionary analyses in R. Bioinformatics 35: 526—
528. https://doi.org/10.1093/bioinformatics/bty633

R Core Team (2023) R: A Language and Environment for Statisti-
cal Computing. R Foundation for Statistical Computing, Vienna,
Austria. https://www.R-project.org/

Radchenko AG (1997) Review of ants of the genus Camponotus
(Hymenoptera, Formicidae) of the Palearctic. The subgenus
Camponotus s. str. [In Russian]. Zoologicheskii Zhurnal: 554-564.

Radchenko AG, Elmes GW (2010) Myrmica ants (Hymenoptera: For-
micidae) of the Old World. Fauna Mundi 3. Natura Optima Dux
Foundation, Warsaw. https://antcat.org/documents/6056/radchen-
ko elmes 2010 _myrmica_ants of the old world.pdf

Ratnasingham S, Hebert PDN (2007) bold: The Barcode of Life Data
System (http://www.barcodinglife.org). Molecular Ecology Notes 7:
355-364. https://doi.org/10.1111/j.1471-8286.2007.01678.x

Roslin T, Somervuo P, Pentinsaari M, Hebert PDN, Agda J, Ahlroth
P, Anttonen P, Aspi J, Blagoev G, Blanco S, Chan D, Clayhills T,
deWaard J, deWaard S, Elliot T, Elo R, Haapala S, Helve E, Iimonen
J, Hirvonen P, Ho C, Itdmies J, Ivanov V, Jakovlev J, Juslén A,
Jussila R, Kahanpai J, Kaila L, Jari-PekkaKaitila, Kakko A, Kakko

alpineentomology.pensoft.net



28

Schar, S.: Ants of Kamchatka

I, Karhu A, Karjalainen S, Kjaerandsen J, Koskinen J, Laasonen
EM, Laasonen L, Laine E, Lampila P, Levesque-Beaudin V, Lu L,
Lahteenaro M, Majuri P, Malmberg S, Manjunath R, Martikainen
P, Mattila J, McKeown J, Metsild P, Miklasevskaja M, Miller M,
Miskie R, Muinonen A, Veli-MattiMukkala, Naik S, Nikolova N,
Nupponen K, Ovaskainen O, Osterblad I, Paasivirta L, Pajunen
T, Parkko P, Paukkunen J, Penttinen R, Perez K, Pohjoismaiki J,
Prosser S, Raekunnas M, Rahulan M, Rannisto M, Ratnasingham
S, Raukko P, Rinne A, Rintala T, Miranda Romo S, Salmela J,
Salokannel J, Savolainen R, Schulman L, Sihvonen P, Soliman
D, Sones J, Steinke C, Stahls G, Tabell J, Tiusanen M, Varkonyi
G, Vesterinen EJ, Viitanen E, Vikberg V, Viitasaari M, Vilen J,
Warne C, Wei C, Winqvist K, Zakharov E, Mutanen M (2022)
A molecular-based identification resource for the arthropods of
Finland. Molecular Ecology Resources 22: 803—822. https://doi.
org/10.1111/1755-0998.13510

Ruzsky M (1920) The ants of Kamchatka [In Russian]. Izvestiya Insti-
tuta Issledovateli Sibiri (Tomsk) 2: 76-80. https://doi.org/10.5281/
zenodo.25602

Sandrock C, Schirrmeister BE, Vorburger C (2011) Evolution of repro-
ductive mode variation and host associations in a sexual-asexual
complex of aphid parasitoids. BMC Evolutionary Biology 11: 348.
https://doi.org/10.1186/1471-2148-11-348

Schir S, Talavera G, Espadaler X, Rana JD, Andersen Andersen A,
Cover SP, Vila R (2018) Do Holarctic ant species exist? Trans-
Beringian dispersal and homoplasy in the Formicidae. Journal of
Biogeography 45: 1917-1928. https://doi.org/10.1111/jbi.13380

Seifert B (2007) Die Ameisen Mittel- und Nordeuropas. lutra Verlags-
und Vertriebsgesellschaft, Tauer.

Seifert B (2018) The ants of Central and North Europe: Lutra, Boxberg.

Seppd P, Helanterd H, Trontti K, Punttila P, Chernenko A, Martin SJ,
Sundstrom L (2011) The many ways to delimit species: hairs, genes
and surface chemistry. Myrmecological News 15: 31-41.

Smith MA, Boyd A, Bringloe T, Britton-Foster C, Cahill H, Desnoyers
K, Duitshaever N, Gibson D, James S, Jeong Y, Kelly D, Levene
E, Lyttle H, Masse T, Pare K, Paris K, Russell C, Scott E, Silva D,
Sparkes M, Valkova K, Adamowicz SJ (2016) The northward distri-
bution of ants (Hymenoptera: Formicidae) 40 years later: revisiting
Robert E. Gregg’s 1969 Subarctic collection sites in Churchill, Man-
itoba, Canada. The Canadian Entomologist 148: 307-315. https:/
doi.org/10.4039/tce.2015.53

Storozhenko SY, Lelej A, Kurzenko N, Tshistjakov YA, Sidorenko
V (2002) Insect biodiversity of the Russian Far East. Far Eastern
Entomologist 109: 1-28.

Terayama M, Kuranishi RB, Saito A (2000) Ants (Hymenoptera: Formi-
cidae) from the Kamchatka Peninsula and Paramushir Island, North
Kuril Islands. Natural History Research Special Issue: 291-294.

Teslenko VA (2009) Stoneflies (Plecoptera) of the Russian Far East:
diversity and zoogeography. Aquatic Insects 31: 693—706. https://
doi.org/10.1080/01650420902812230

Zhigulskaya ZA, Shekhovtsov SV, Poluboyarova TV, Berman DI (2022)
Formica picea and F. candida (Hymenoptera: Formicidae): Syn-
onyms or Two Species? Diversity 14: 613. https://doi.org/10.3390/
d14080613

Supplementary material 1

Collection data, GenBank accession
numbers and specimen images

Authors: Sdmi Schar

Data type: pdf

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

Link: https://doi.org/10.3897/alpento.8.114185.suppll

Supplementary material 2

Morphometric data for Formica lemani and
FE fusca

Authors: Sdmi Schar

Data type: xIsx

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

Link: https://doi.org/10.3897/alpento.8.114185.suppl2

alpineentomology.pensoft.net



Alpine Entomology 8 2024, 29-34 | DOI 10.3897/alpento.8.115588

© PENSOFT,

" Alpine
Entomology

First detection of ‘Candidatus Phytoplasma ulmi’ in Switzerland and
in Orientus ishidae Matsumura, 1902

Alan Oggier!, Christophe Debonneville?, Marco Conedera!, Olivier Schumpp?, Attilio Rizzoli3

1 Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Campus di Ricerca, A Ramél 18, 6593, Cadenazzo, Switzerland

2 Agroscope, Route de Duillier 60, 1260, Nyon, Switzerland

3 Agroscope, Campus di Ricerca, A Ramél 18, 6593, Cadenazzo, Switzerland

https://zoobank.org/448204B3-6D26-43D4-91D1-3F5B2143E694

Corresponding author: Attilio Rizzoli (attilio.rizzoli@agroscope.admin.ch)

Academic editor: Oliver Martin ¢ Received 15 November 2023 ¢ Accepted 12 January 2024 ¢ Published 24 January 2024

Abstract

‘Candidatus Phytoplasma ulmi’ (Ca. P. ulmi) belongs to the ribosomal subgroup 16SrV-A and is associated with dieback, shoot pro-
liferation and yellows disease on various Ulmus spp. Other plant species, such as Carpinus betulus and Prunus spp. have also been
reported infected by the same pathogen. In 2021, in the frame of research activities focused on grapevine’s Flavescence dorée (FD),
one specimen of Orientus ishidae - an East Palearctic leathopper that was identified as an alternative vector of FD phytoplasmas -
was found harboring Ca. P. ulmi in southern Switzerland. No phytoplasmas were detected in plant samples taken in the same location.
Orientus ishidae has already been reported to be able to acquire diverse phytoplasmas associated with other plant diseases, such as
Peach X-disease. This is the first report of Ca. P. ulmi in Switzerland, as well as in O. ishidae. Ca. P. ulmi may potentially be present
in the wild compartment of the Swiss Pre-alpine and Alpine range, but no dedicated survey has so far been conducted. In the case
of O. ishidae, this finding highlights the broad affinity of such a species for the acquisition of several phytoplasmas. This calls for a

further investigation regarding its potential role as a vector on various pathosystems of agronomic importance.

Key Words

alien species, leathopper, Neobiota, phytoplasma, vector

Introduction

Phytoplasmas are cell wall-less bacteria associated with
the degradation of plant tissues and the manipulation of
metabolic activity often leading to important agronomic
losses (Bertaccini 2022). The infection of healthy plants
is caused by the feeding activity of insect vectors, which
passively acquire the pathogen from infected plant spec-
imens. Once acquired, phytoplasmas multiply inside the
insect’s organs. The infected vector becomes potential-
ly infectious once the phytoplasmas reach the salivary
glands (Bertaccini et al. 2019).

Among the diseases associated with phytoplas-
mas, grapevine’s Flavescence dorée (FD) is one of the
most insidious and destructive ones, causing important
economic losses to European viticulture (Tramontini et

al. 2020). The phytoplasmas associated with FD and pro-
visionally classified as ‘Candidatus Phytoplasma vitis’
(FDp) belong to the ribosomal subgroups 16SrV-C and D
(Firrao et al. 2004; Lee et al. 2004). Considering the high
risk of spread and the detrimental losses linked to FD,
FDp is a quarantine organism in the European Union and
Switzerland (Fedlex 2018; Tramontini et al. 2020). The
epidemic spread of FD is caused by the Nearctic leathop-
per Scaphoideus titanus Ball, 1932 (Hemiptera, Cicadel-
lidae, Deltocephalinae) (Schvester et al. 1961; Chuche
and Thiéry 2014). However, alternative host plant spe-
cies, as well as alternative and putative vectors were
identified. Among these, the leathopper Orientus ishi-
dae Matsumura, 1902 (Hemiptera, Cicadellidae, Delto-
cephalinae) was identified as an alternative vectoring
agent of FDp in trials conducted by Lessio et al. (2016).
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Moreover, and most importantly for the particular case
of southern Switzerland, several studies showed that O.
ishidae may locally play a role in the maintenance of FD,
mostly in the landscape (Casati et al. 2017; Jermini et al.
2019; Malembic-Maher et al. 2020; Rizzoli et al. 2021).
Orientus ishidae is native to Asia and was found in 1998
for the first time in Europe (Guglielmino 2005), where it
now spread to most of the continent (EPPO Global Da-
tabase 2023). Some of the host plants of O. ishidae are
Corylus avellana, Acer spp., Alnus glutinosa, Salix spp.
and Carpinus betulus (Nickel 2010; Rizzoli et al. 2021),
which are very common in European forests and thus,
quite often found near vineyards. Some of these species,
such as A. glutinosa and C. avellana have already been
reported harboring FDp genotypes (Arnaud et al. 2007;
Casati et al. 2017; Malembic-Mabher et al. 2020; Rizzoli
et al. 2021; Kogej Zwitter et al. 2023) and may thus be
involved in alternative epidemiological cycles of FDp.
Moreover, O. ishidae is able to oviposit on grapevines
and gone-wild grapevines, thus exacerbating the risk of
FDp flow between the cultivated and the wild compart-
ment when newly hatched nymphs have a direct access
to infected plant material (Lessio et al. 2019; Oggier
et al. 2023). In addition to FDp, O. ishidae is able to
acquire ‘Candidatus Phytoplasma pruni’ belonging to
subgroup 16SrIlI-A and associated with Peach X-dis-
ease (Rosenberg and Jones 1978). Recently, Dalmaso et
al. (2023) also reported the capability of O. ishidae to
acquire ‘Candidatus Phytoplasma mali’ associated with
Apple Proliferation (16SrX-A) in field trials conducted
in Trentino-Alto Adige (Italy), the most important region
for apple production in Italy and the Alpine region.

This manuscript reports the first finding of *Candidatus
Phytoplasma ulmi’ (Ca. P. ulmi, ribosomal subgroup
16SrV-A) in Switzerland and in O. ishidae. Ca. P. ulmi is
associated with dieback, shoot proliferation and yellows
disease on various Ulmus spp. (Lee et al. 2004). So far,
it has been recorded in several European countries, such
as Italy (Pisi et al. 1981), Germany (Maurer et al. 1993),
and France (Boudon-Padieu et al. 2004). In addition to
Ulmus spp., Ca. P. ulmi may infect other plant species,
as recently observed by Rigamonti et al. (2023), who
found infected hosts belonging to the species Carpinus
betulus, Prunus domestica, and P. ulmifolius in North-
western Italy. To date, Scaphoideus luteolus Van Duzee,
1894 (Hemiptera, Cicadellidae, Deltocephalinae), Mac-
ropsis glandacea Fieber, 1868 (Hemiptera, Cicadellidae,
Eurymelinae, syn. Macropsis mendax), and Ampliceph-
alus curtulus Linnavuori & DeLong, 1977 (Hemiptera,
Cicadellidae, Deltocephalinae) have been identified as
competent vectors of Ca. P. ulmi in the United States of
America, Italy, and Chile, respectively (Baker 1949; Car-
raro et al. 2004; Arismendi et al. 2014). To our knowl-
edge, no previous studies were ever conducted on the
Palearctic species M. glandacea in relation to phytoplas-
mas in Switzerland. As for S. luteolus and A. curtulus,
no further indication regarding their potential presence
in continental Europe is known.

alpineentomology.pensoft.net

Materials and methods
Study area and experimental design

The study area comprised Canton Ticino (southern
slope of the Swiss Alps). In the frame of current re-
search activities regarding the FD epidemics in vine-
yards and their surroundings, experimental plots are
monitored for the presence of FDp vectors and grape-
vines carrying symptoms linked to Grapevine Yellows
are routinely marked and sampled for molecular analy-
sis. Leafhopper populations in vineyards are surveyed
with a minimum amount of six yellow sticky traps
(YST; Rebell Giallo, Andermatt Biocontrol AG, Swit-
zerland) hanged on the highest wire of the training sys-
tem. In the surrounding landscape, at least four YST
mounted on wooden sticks (ca. 1.50 m off the ground)
are placed in the direct proximity of spontaneous plant
species, such as A. glutinosa, C. avellana, Acer spp.,
etc., which are known to host alternative FDp vectors
(e.g., O. ishidae). In 2021, 16 new plots were added
to the standard design to monitor the possible pres-
ence of FDp vectors in the surroundings of gone-wild
grapevines and/or rootstock resprouts originating from
incorrect or incomplete rogueing of former vineyards
located in the direct proximity of currently cultivated
vineyards (Oggier et al. 2023). In these additional plots,
YST were generally placed in fewer amounts and later
during the season (from August onwards). The follow-
ing year, the monitoring design was enhanced by add-
ing additional YST and by extending the sampling pe-
riod, which started in mid-July, in order to increase the
chances of capturing FDp vectors imagoes during the
population peak. The landscape surrounding each plot
was described using parameters, such as dominant tree
species, including presence and abundance of known
host plant species of either FDp and/or alternative vec-
tors, such as O. ishidae (e.g., A. glutinosa, C. avellana,
Salix spp., etc.). If available, a set of random leaves
originating from rootstocks and gone-wild grapevines
was collected during the month of September in 2021
and 2022.

Insect and leaf processing

Leafthoppers determination was conducted using a stereo
microscope (Olympus SZX16 with SDF PLAPO 1XPF
objective lenses, made in Japan). For the particular case
of O. ishidae, the morphological key provided by Giin-
thart and Miihlethaler (2002) was used. After detaching
target insects from YST using Glurex forte (D-Limo-
nene 50-100%; Andermatt Biocontrol AG, Switzerland)
and Ethanol (70% v/v), the specimens were transferred
into tubes with Ethanol (99% v/v) and stored at —20 °C.
Grapevine leaves were excised with scissors. The petioles
and the major veins were then frozen at —20 °C until fur-
ther processing.
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Nucleic acid extraction and phytoplasma
detection

Each insect was individually homogenized in 900 pL
of extraction buffer (3% Cetyltrimethylammonium bro-
mide CTAB, 1.4 M NaCl, 25 mM EDTA, 1 M Tris-HCI,
2 uL B-Mercaptoethanol, pH 8.0) and shaken for 30 min
at 600 rpm and 65 °C. 900 pL of Chloroform/Isoamyl-
alcohol was added, homogenized by vortexing for 5 s
and centrifuged for 5 min at 3000x g. The aqueous layer
was carefully transferred to a new tube, mixed with an
equal volume of cold Isopropanol, and incubated 60 min
at —20 °C for DNA precipitation. Precipitated material
was recovered by 2 min of centrifugation at 10000x g and
washed with 1 mL of 70% Ethanol. A DNA pellet was
dried overnight at room temperature and resuspended into
100 pL of PCR-grade water. For plant samples, 0.5to 1 g
of petioles and midribs from 3 to 4 different leaves per
specimen were ground in 6 mL of extraction buffer using a
Homex grinder (Bioreba). Subsequently, 2mL of this ho-
mogenate was centrifuged for 10min at 1000x g. 900 uLL
of the supernatant was processed as described above.

The presence of 16SrV group phytoplasma in the sam-
ples was assessed by quantitative PCR analysis according
to Hodgetts et al. (2009). Cycling conditions were 5 min
at 95 °C followed by 42 cycles of 15 sec at 95 °C and
1 min at 60 °C, using a CFX96 real-time PCR instrument
(Bio-Rad). PCR amplifications were carried out in 25 pL.
reactions using 20 pmol of forward and reverse primer,
1 to 2 pL of DNA template, with GoTaq G2 Flexi DNA
polymerase (Promega) following manufacturer’s instruc-
tions. The map and imp genes loci were amplified by
nested PCR according to Arnaud et al. (2007) and Trivel-
lone et al. (2019), respectively.

Sequencing and data analysis

PCR products were controlled by electrophoresis on a 1%
agarose gel and purified by ultrafiltration with NucleoFast
96 PCR plates (Macherey-Nagel). Products were sent to
Fasteris (Plan-les-Ouates, Switzerland) for forward and
reverse sequencing using Sanger technology. Trees were
inferred by maximum likelihood method in MEGA using
the General Time Reversible model and bootstrapping
with 500 replicates. All trees were visualized with iTOL
(https://itol.embl.de, accessed on 14 September 2023; Le-
tunic and Bork 2021).

Results

In the frame of the research activities associated with FD, we
analyzed 16 O. ishidae specimens caught in 2021 (out of 26
YST) and 267 caught in 2022 (out of 85 YST) for a total of
283 insects. One of the three specimens of O. ishidae caught
in 2021 in the additional plot of Cugnasco (WGS84 coordi-
nates 46.18037, 8.91938) was found harboring Ca. P. ulmi.

The infected insect was captured between 1 and 14 October
2021. All specimens caught the following year in the same
plot resulted free of Ca. P. ulmi (N = 6, N, = 1). No other
tested insect species, such as S. titanus was found infected
by Ca. P. ulmi (data not shown). The four grapevines sam-
pled in the plot of Cugnasco in 2021 resulted free of external
symptoms linked to Grapevine Yellows and phytoplasma.

The sequence of the secY-map gene obtained from the
infected O. ishidae is 100.00% identical to the reference
strain AM384900 Ca. P. ulmi, isolate E04-D438 found in
France, Loire Atlantique, previously reported by Arnaud
et al. (2007). The comparison of the imp gene also con-
firmed the detection of Ca. P. ulmi (isolates MT668492,
MT668497, MT668435). The amplicon has 1 single nu-
cleotide polymorphism (99.78% identity) compared to the
sequence of MT668492 (Ca. P. ulmi isolate 4319 Ug from
Germany). The sequence was deposited on the NCBI da-
tabase under accession number OR594266. The phyloge-
netic trees in Fig. 1 show the relationship between the se-
quences of the secY-map and the imp genes, respectively,
obtained in this work and reference strains (see Table 1
for GenBank Accession no. and further details).

Discussion

This communication reports the first account of Ca. P.
ulmi in Switzerland, as well as the first record of O. ishi-
dae harboring such phytoplasmas, in general. Ca. P. ulmi
was identified during routine molecular analyses conduct-
ed in the frame of an ongoing research project focused on
FDp in vineyards and in the adjacent wild compartment
in the Swiss southern Alps.

‘Candidatus Phytoplasma ulmi’ may already be pres-
ent in Swiss Ulmus spp., as well as in other host plant spe-
cies both on the Alpine range and on the Swiss Plateau.
However, no proper surveys have so far been conducted
in order to confirm its presence and potential impact on
mountainous and Alpine ecosystems. Most interestingly,
O. ishidae appears to be able to acquire other phytoplas-
ma strains in addition to genotypes belonging to the ri-
bosomal subgroups 16SrV-C and 16SrV-D (Mehle et al.
2010; Casati et al. 2017; Rizzoli et al. 2021), 16SrIII-A
(Rosenberg and Jones 1978), and 16SrX-A (Dalmaso et
al. 2023). However, in the specific case of Ca. P. ulmi in
the study area, the infection rate for O. ishidae seems to be
very low (1/283), when considering the molecular anal-
yses conducted in 2021 and 2022. The substantial differ-
ence of captured specimens between 2021 and 2022 was
mostly due to the period of sampling, which in 2021 was
shorter and did not cover the population’s peak. Orientus
ishidae is present in almost all continental Europe includ-
ing mountainous Pre-alpine and Alpine ranges (EPPO
Global Database 2023). Host plant species of particu-
lar agronomic importance, such as grapevine and apple
(De Meyer 2014; International Organisation of Vine and
Wine 2023), are widely cultivated in the same contexts
and spontaneous woody plant species, such as Ulmus spp.
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Table 1. Phytoplasma isolate from Orientus ishidae obtained in this work and reference strains along with the relative GenBank
accession number, compared genes, host, geographic origin and reference.

Sample ID or reference GenBank  Gene(s) Host Phytoplasma strain and  Geographic origin Reference
strain accession no. genotype
Ca. P. ulmi isolate Cugnasco CH  OR594266  map imp Orientus ishidae ~ Ca. P. ulmi Switzerland, Canton This work
Ticino
Ca. P. ulmi isolate E04-D438 AM384900 secY map Ulmus minor Ca. P. ulmi France, Loire Atlantique Arnaud et al. (2007)
Ca. P. ulmiisolate EY18_SRB ~ HMO038478 secY map Ulmus laevis Ca. P. ulmi Serbia Jovi¢ et al. (2011)
Ca. P. ulmi isolate NK16 KU202150 secY map Ulmus laevis Ca. P. ulmi Croatia Katani¢ et al. (2016)
Ca. P. ulmi isolate EQ4-D714 AM384901 secY map Ulmus glabra Ca. P. ulmi France, Haute-Vienne Arnaud et al. (2007)
Ca. P. ulmi isolate EY1 GU004330 map cds Plant leaf material Ca. P. ulmi USA Lee et al. (2010)
map M50 isolate VF-06-27-5 LT221945 map Vitis vinifera Ca. P. vitis FD1 M50 France, Acquitaine  Malembic-Maher et al. (2020)
map M38 isolate A-031-08 1T221933 map  Alnus glutinosa Ca. P. vitis FD2 M38 Italy, Veneto Malembic-Maher et al. (2020)
map M51 isolate VS-Loza37 LT221946 map  Vitis vinifera Ca. P. vitis FD3 M51 Serbia Malembic-Maher et al. (2020)
map M54 isolate VF06-30-18 LT221949 map  Vitis vinifera Ca. P. vitis FD2 M54 France, Acquitaine ~ Malembic-Maher et al. (2020)
Ca. P. ziziphi isolate Jwb-nky CP025121 map  Ziziphus jujuba Mill  Ca. P. ziziphi China Wang et al. (2018)
4319 _Ug_SN MT668492 imp  Ulmus glabra Ca. P. ulmi Germany Schneider et al. (2020)
5554_Ug_MV MT668497 imp  Ulmus glabra Ca. P. ulmi Germany Schneider et al. (2020)
0865_Ug_BYs MT668435 imp  Ulmus glabra Ca. P. ulmi Germany Schneider et al. (2020)
2261 _Ug_HE MT668459 imp  Ulmus glabra Ca. P. ulmi Germany Schneider et al. (2020)
2226_Ug_HE MT668458 imp  Ulmus glabra Ca. P. ulmi Germany Schneider et al. (2020)
4167_UI_SN MT668491 imp Ulmus sp. Ca. P. ulmi Germany Schneider et al. (2020)
ULw MT418908 imp  Ulmus minor Ca. P. ulmi Germany Schneider et al. (2020)
2732_Um_BB MT668465 imp  Ulmus sp. Ca. P. ulmi Germany Schneider et al. (2020)
FD70 MT668500 imp  Vicia faba Ca. P. vitis FD70 France unpublished
ALY1 MT668499 imp  Alder sp. Alder yellows phytoplasma Germany Schneider et al. (2020)
FD-D MK614707 imp  Vitis vinifera Ca. P. vitis FD-D Italy Trivellone et al. (2019)
Ca. P. ziziphi isolate Jwb-nky MG818479 imp  Chinese jujube Ca. P. ziziphi China unpublished
Ca. P. ziziphi China (NZ_CP025121)
— Ca. P. vitis M50 France (LT221945)
Ca. P. vitis M12 France (LT221907)
. ol Ca. P. vitis M51 France (LT221946)
™ Ca. P. vitis M54 France (LT221949)
1oo Ca. P. vitis M38 France (LT221933)
99
Ca. P. ulmi France (AM384900)
0.01 1 Ca. P. ulmi Switzerland (This study)
—_—
o Ca. P. ulmi Croatia (KU202150)
* Ca. P. ulmi Serbia (HM038478)
e _|— Ca. P. ulmi USA (GU0D04330)
& Ca. P. ulmi France (AM384901)

Ca. P. ziziphi China (MG818479)
Ca. P. vitis FD-D ltaly (MK614707)

— 1 Alder yellows phyoplasma Germany (MT668499)
100 Ca. P. vitis FD70 France (MT668500)
Ca. P. ulmi Germany (MT668465)
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p” Ca. P. ulmi Germany (MT668491)
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01 o Ca. P. ulmi Germany (MT668459)
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Ca. P. ulmi Germany (MT668435)

Figure 1. Phylogenetic tree of the secY-map (A) and imp (B) genes sequences from Orientus ishidae obtained in this work and
reference strains from Genbank (see Table 1). Maximum likelihood phylogeny based on nucleotide sequences of (A) map (543 bp)
and (B) imp (465 bp) genes. The numbers on branches indicate the level of bootstrap support (500 replicates). Support values above
70% are labeled. The scale bar shows the number of substitutions per site.
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and C. avellana are very common in the whole geograph-
ic range. Therefore, O. ishidae seems to be a wild-card
in several pathosystems and further research is needed in
order to better understand its ecology and potential im-
pact on agriculture, as well as on the overall health of
spontaneous woody plant species inhabiting different
ecosystems, including the whole Alpine range.
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Abstract

Ambrosia beetles are highly successful as invaders because they are often transported internationally with wood packaging and oth-
er wood products and because their inbreeding mating systems facilitates establishment of invading populations. In 2022, two inde-
pendent insect surveys in canton Ticino (southern Switzerland) revealed the widespread occurrence of the invasive ambrosia beetle
Anisandrus maiche (Kurentzov, 1941) from southern to central-upper Ticino. This species is native to east Asia and has previously
been found as a non-native invasive species in the United States, Canada, western Russia, Ukraine and, in 2021, in northern Italy.
Here, we present the results of several trapping studies using different trap types (bottle traps, funnel traps and Polytrap intercept
traps) and attractants and a map of the distribution of the species. In total, 715 specimens of A. maiche, all female, were trapped,
and the identity of selected individuals was confirmed by morphological and molecular identification based on three mitochondrial
and nuclear markers (COI, 28S and CAD). Trap samples from early April to early September 2022 in intervals of two to four weeks
showed that flights of 4. maiche occurred mainly from June to mid-August. Isolation of fungal associates of 4. maiche from beetles
trapped alive revealed the presence of four fungal species, including the ambrosia fungus Ambrosiella cleistominuta, the known mu-
tualist of A. maiche. The identity of A. cleistominuta was confirmed by comparing DNA sequences of its nuclear, internal transcribed
spacer (ITS) gene with reference sequences in NCBI and BOLDSYSTEMS. This represents the first record of A. cleistominuta in
Europe. Of the other fungal associates isolated from 4. maiche in Ticino, Fusarium lateritium is of note as there is a possibility that
A. maiche could act as a vector of this plant pathogen. We highlight several research needs that should be addressed to gain insight
into the potential impact of these non-native species and to overcome problems with heteroplasmy in COI sequences in studies of
invasion and population genetics of ambrosia beetles.
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Introduction

Biological invasions are a growing concern due to the
continuing increase in establishments of non-native
(alien) invasive species and their impacts on native spe-
cies, natural and modified ecosystems and on plant, ani-
mal and human health (Kenis et al. 2009; Brockerhoff et
al. 2017; Seebens et al. 2018; Pysek et al. 2020). Bark and
ambrosia beetles (Coleoptera: Curculionidae, Scolytinae)
are particularly successful as invaders because they are
often transported internationally by trade and transport of
wood products and due to the widespread use of wood
packaging materials such as pallets and crates (Brock-
erhoff et al. 2006; Lantschner et al. 2020). In addition,
many ambrosia beetles have mating systems that involve
inbreeding (Kirkendall 1983) which greatly facilitates the
establishment of new populations by very few invading
individuals (Kirkendall and Faccoli 2010; Lantschner et
al. 2020). Furthermore, because ambrosia beetles feed
only on specific ambrosia fungi (on which they are nu-
tritionally dependent and which they carry in their my-
cangia and cultivate in galleries they excavate in dead-
wood), these beetles often have a very wide host range
(e.g., Ranger et al. 2016; Hulcr and Stelinski 2017). This
also contributes to their invasiveness since they are less
dependent on the presence of a particular host species.
Native ambrosia fungi are typically not pathogenic, but
some non-native ambrosia beetles are vectors of severe
plant pathogens that can cause tree death. For example,
the Asian Xyleborus glabratus Eichhoff, 1877 and its
symbiotic tree pathogen Raffaelea lauricola T.C. Harr.,
Fraedrich & Aghayeva (Harrington et al. 2008), the caus-
al agents of laurel wilt, are responsible for large-scale
mortality of many trees in the Lauraceae family in the
southeastern United States (Fraedrich et al. 2008; Hughes
etal. 2017).

Anisandrus maiche (Kurentzov, 1941) is an invasive
ambrosia beetle native to northeast Asia (i.e., parts of
China, Japan, North and South Korea, and the Russian
Far East) (Knizek 2011; Terekhova and Skrylnik 2012;
Alonso-Zarazaga et al. 2017, 2023; Park et al. 2020;
Smith et al. 2020; EPPO 2022). Established non-native
populations of A. maiche were detected in North Ameri-
ca first in 2005 in Pennsylvania, USA, and subsequently
in the US states of Ohio, West Virginia, Illinois, Indiana,
Maryland, New Jersey, New York, and Wisconsin, and
in the Canadian Provinces Ontario and Quebec (Rabaglia
et al. 2009; Haack et al. 2013; Gomez et al. 2018; Thur-
ston et al. 2022). In Europe, non-native populations were
detected first in 2007 in western Russia and in eastern
Ukraine (Moscow oblast, Belgorod oblast, Donetsk
oblast, Kharkiv oblast and Sumy oblast (Nikulina et al.
2007; Nikitskii 2009; Terekhova and Skrylnik 2012;
Kovalenko and Nikitski 2013; Nikulina et al. 2015)).
About 14 years later, in 2021-2022, this beetle was found
in the Italian regions Veneto and Lombardy (Colombari et
al. 2022; Ruzzier et al. 2022).
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In July 2022, we collected several specimens of
A. maiche in trap catches from two locations in central
canton Ticino, in southern Switzerland. Subsequently,
many more specimens were found in trap catches from
several other locations across the southern half of canton
Ticino and in the southwestern part of canton Grisons,
suggesting that the species has been established in these
areas for several years. As of 2023, Anisandrus maiche
is regulated as a quarantine pest in Switzerland (PGesV
(2018) and PGesV-WBF-UVEK (2019)) and the EU, as
are all non-European Scolytinae that are not present in
the EU. However, its classification as a quarantine pest is
being reviewed.

Here, our objectives are to report the discovery of Ani-
sandrus maiche in Switzerland, the locations and forest
types where it was found, and the traps and attractants
with which the species was caught. Furthermore, we pro-
vide information on the fungal and microbial associates
which we recorded from A. maiche in Switzerland, in-
cluding its ambrosia fungus Ambrosiella cleistominuta C.
Mayers & T.C. Harr., and on potential damage caused by
this beetle, based on a review of available information.

Materials and methods
Abbreviations used

FPS Forest Protection Switzerland (Waldschutz
Schweiz), Swiss Federal Institute for Forest,
Snow and Landscape Research WSL, Birmens-
dorf, Switzerland;

Museo cantonale di storia naturale (Natural
History Museum), Lugano, Switzerland;
Phytopathology, Swiss Federal Institute for
Forest, Snow and Landscape Research WSL,
Birmensdorf, Switzerland;

Ufficio della Natura e del Paesaggio, Bellinzo-
na, Switzerland;

Swiss Federal Institute for Forest, Snow and
Landscape Research WSL, Birmensdorf, Swit-
zerland

MCSN

PHP

UPN

WSL

Study sites of A. maiche in cantons Ticino
and Grisons, and description of traps and
attractants

All study sites in Switzerland where 4. maiche was found
are located in the southern part of the country in the can-
tons Ticino (40 sites) and Grisons (one site, Roveredo)
(Table 1, Fig. 1). The sites were in mixed forests com-
posed mostly of sweet chestnut (Castanea sativa), oak
(Quercus sp.), Scots pine (Pinus sylvestris) and other tree
species, with varying proportions of broadleaved trees
and conifers.

Five trap type and lure combinations were used in
2022 during several insect surveys in which 4. maiche
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Table 1. Study site locations, traps used and the number of Anisandrus maiche trapped in 2022. Trap types: BT, bottle trap; FG,
funnel trap green; FB, funnel trap black; PT, Polytrap. Lures: E, ethanol; EA, ethanol + alpha-pinene; EAS, ethanol + alpha-pinene
+ eight-component blend (for details about trap types and lures see methods).

Number of A. maiche trapped

Study site location and Canton* s“;'é”sl\(: t::\rld;;a);es IE:;:E:;: I(?’;'(t;usdse“') l(Er:‘;a:‘I"; 1::3 Itg:’ee (total / m‘llmber per trap day from
une to August)

(1) Rivieraragna 1, Tl 2717293, 1133879 46.3460, 8.9623 286 BT/E 134 /1.47
(2) Riviera-lragna 2, Tl 2717138, 1134143 46.3484, 8.9604 285 BT/E 50/0.53
(3) Serravalle-Leggiuna 1, Tl 2718898, 1138748 46.3895, 8.9844 362 BT/E 53/0.51
(4) Serravalle-Leggiuna 2, Tl 2718937, 1138900 46.3909, 8.9849 386 BT/E 11/0.16
(5) Faido-Anzonico 1, Tl 2708760, 1144009 46.4386, 8.8539 970 BT/E 0/0.00
(6) Faido-Anzonico 2, Tl 2708628, 1143968 46.4382, 8.8521 916 BT/E 0/0.00
(7) Brusino-Arsizio, Tl 2715995, 1086645 45,9215, 8.9338 320 BT/E 36/1.20
(8) Bellinzona-Camorino, Tl 2722160, 1113855 46.1651, 9.0203 460 BT/E 23/0.77
(9) Losone, Tl 2700175, 1114515 46.1747, 8.7359 275 BT/E 111 /3.70
(10) Novazzano, Tl 2720790, 1078230 45,8449, 8.9934 268 BT/E 45 /1.50
(11) Roveredo, GR 2730490, 1120800 46.2260, 9.1301 505 BT/E 41/1.37
(12) Rivera-Carona, Tl 2714268,1110343 46.1349,8.9173 517 FG/EA8 5/0.06
(13) Moleno, Tl 2720086, 1125929 46.2741, 8.9966 255 FG/EA8 6/0.07
(14) Chiasso-Bresciano, Tl 2721348, 1077091 45.8346, 9.0003 262 FG/EA8 1/0.01
(15) Rivieradragna 3, Tl 2717083, 1134188 46.3489, 8.9597 286 FB/EA8 1/0.01
(16) Chiasso-Pian Pessina, Tl 2723687, 1076070 45.8250, 9.0302 440 FB/EA8 0/0.00
(17) Chiasso-Bresciano, Tl 2721348, 1077091 45.8346, 9.0003 262 FB/EA8 2/0.02
(18) Faido-Anzonico 1, Tl 2708760, 1144020 46.4387, 8.8539 970 FB/EA 0/0.00
(19) Faido-Anzonico 2, Tl 2708628, 1143968 46.4382, 8.8522 915 FB/EA 2/0.02
(20-134) entire Canton Tl See Sanchez et al. (2023) and Suppl. material 1 PT /- 194 /0.07

* Two-letter abbreviation for Cantons, TI — Ticino, GR — Grisons.

A. maiche presence/absence

oDEoo0oD>D>

Lombardy
(Italy)

Bottle trap clear, PRESENT
Bottle trap clear, ABSENT
Funnel trap (black), PRESENT
Funnel trap (black), ABSENT
Funnel trap (green), PRESENT
Polytrap, PRESENT

Polytrap, ABSENT

10 km

Figure 1. Trap locations in cantons Ticino and Grisons where Anisandrus maiche was captured (green symbols) or where no captures
were recorded (grey symbols). Symbols vary by trap type (see legend and methods for details). Note that each square represents a
pair of two Polytraps which were placed in close proximity to each other (Vector and raster map data https://www.swisstopo.ch).
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was caught. Type 1 (bottle traps, “BT”) traps consisted
of bottle traps made at the laboratory based on the design
described in Grégoire et al. (2001) and as modified by
Gossner et al. (2019) with 70% ethanol as lure and pro-
pylene glycol as preservative and installed such that the
bottle part was about 1 m above ground (Suppl. material
3: fig. 1a). Two BT were installed at three study sites near
Biasca (see Table 1) on 2 April 2022 and taken down on
26 August 2022. Five further single BT were installed at
additional study sites (see Table 1) on 18 July 2022 and
removed on 30 August 2022. A small number of addition-
al “live bottle traps” were used without propylene glycol
to enable live captures for studies of fungal associates
(see below).

Type 2 (funnel traps green, “FG”) traps were green
multi-funnel traps (ChemTica Internacional, Costa-Rica,
Suppl. material 3: fig. 1b) with propylene glycol as preser-
vative and baited with alpha-pinene and ethanol (Econex,
Spain) and an 8-component lure blend (fuscumol, fuscu-
mol acetate, geranylacetone, monochamol, 3-hydroxy-
hexan-2-one, anti-2,3-hexanediol, 2-methylbutan-1-ol,
and prionic acid) as described by Fan et al. (2019). FG
traps were suspended by a rope inside the canopy of trees
at a height of approximately 10 m. One of these traps
was installed at each study site (see Table 1) on 12 April
2021 and taken down on 1 or 29 September 2021. These
traps, as well as the black funnel traps mentioned below,
were part of a separate project aimed at early detection of
quarantine pests, especially longhorned beetles (Ceram-
bycidae) but they are also effective for bark and ambrosia
beetles (see Roques et al. 2023).

Type 3 (funnel traps, black, “FB”) traps were black
multi-funnel traps (ChemTica Internacional, Costa-Rica,
Suppl. material 3: fig. 1c) with propylene glycol as pre-
servative and the same lure combination and trapping pe-
riod as Type 2. FB traps were suspended by a rope below
the canopy of trees at a height of 2-3 m above ground.
One of these traps was installed at each study site (see
Table 1) on 12 April 2021 and taken down on 1 or 29 Sep-
tember 2021. Trapping with funnel traps (FG and FB) in
2021 was undertaken as part of a surveillance programme
aimed at priority quarantine pests targeting mainly long-
horn beetles.

Type 4 (Polytrap, "PT”) traps were unbaited Polytrap
interception traps (as described by Brustel 2012, Suppl.
material 3: fig. 1d) with saturated salt solution and neu-
tral detergent as preservative, suspended 2 m above the
ground. As part of a biodiversity survey funded by canton
Ticino (MCSN and UPN), a total of 114 Polytraps were
installed on 10 March 2022 and taken down at the end of 3
October 2022 (see Sanchez et al. (2023) for details).

In addition to the traps described above, collection of
ambrosia beetles was also attempted with log sections of
European beech (Fagus sylvatica), Norway spruce (Pi-
cea abies) and sweet chestnut ca. 50 cm long, 5-10 cm
diameter, baited with 70% ethanol and suspended along-
side tree stems at a height of 1.5-2.0 m, as described by
Monterrosa et al. (2021). These were installed at study
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sites (1)—(6) in Ticino (Table 1) from 16 April to 26 Au-
gust 2022. In addition, short sections of beech branches
(about 20 cm long, 2—4 cm diameter) soaked in 70% eth-
anol were placed on the ground at study sites (1)—(6) in
Ticino from 12 June to 25 July 2022 for two periods of
approximately three weeks.

Study sites in cantons Valais and Zurich

In addition to the traps placed in cantons Ticino and
Grisons, bottle traps with ethanol as lure (as trap type 1
described above) were also used in canton Valais from 18
March 2022 to 25 August 2022 at six locations (Brig 1,
46.2905°N, 7.9601°E, 1260 m a.s.l.; Brig 2, 46.2941°N,
7.9577°E, 1259 m a.s.l.; Lens 1, 46.2677°N, 7.4339°E,
1096 ma.s.l.; Lens 2,46.2677°N, 7.4339°E, 1097 m a.s.1.;
Visp 1, 46.2971°N, 7.8566°E, 676 m a.s.l.; and Visp 2,
46.2967°N, 7.8564°E, 705 m a.s.l.), and in canton Zurich
from 4 April 2022 to 31 August 2022 at six locations (Zu-
rich-Honggerberg 1, 47.4121°N, 8.4978°E, 535 m a.s.l;
Zurich Honggerberg 2,47.4196°N, 8.4872°E, 525 ma.s.L.;
Stallikon-Uetliberg 1, 47.3364°N, 8.4936°E, 660 m a.s.l.;
Stallikon-Uetliberg 2, 47.3367°N, 8.4945°E, 669 m a.s.l.;
Birmensdorf-Rameren 1, 47.363°N, 8.4483°E, 540 m
a.s.l.; Birmensdorf Rameren 2, 47.3631°N, 8.4483°E,
555 m a.s.l.). The study sites in cantons Valais and Zu-
rich were also in mixed forests with varying proportions
of broadleaved trees and conifers and composed mostly
of oaks, beech, Norway spruce, Scots pine or other trees.

Curation and morphological and molecular
identification of A. maiche

All ambrosia and bark beetles from traps with preserva-
tive were sorted under a stereomicroscope and kept in
70% ethanol for temporary storage while selected indi-
viduals were point mounted. Ambrosia and bark beetles
were identified morphologically by J. Ribeiro-Correia,
E. Brockerhoff, A. Sanchez and M. Knizek using Griine
(1979), Pfefter (1995), Stark (1952), Rabaglia et al. (2009)
and reference collections held at WSL, by M. Knizek and
by Andreas Sanchez. A specimen of A. maiche from Ser-
ravalle-Leggiuna 1 is shown in Fig. 2.

For molecular diagnostics, genomic DNA from 4. mai-
che was extracted from adults using the NucleoSpin Tissue
XS Kit (Macherey-Nagel, Diiren, Germany) using whole
insects or, to preserve the specimens, leg fragments and
one elytron. The COI barcode region was amplified and
sequenced with primers LCO1490/HCO2198 (Folmer et
al. 1994). The nuclear markers, the ribosomal-encoding
gene 28S and the CAD gene were targeted with primers
3690s/a4285 (Kambestad et al. 2017) and CADforB2/
apCADrevimod (Dole et al. 2010), respectively. PCR
conditions were set as specified in the respective refer-
ence papers. Sanger sequencing was performed using
the same primers as for PCR and the BigDye Terminator
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Figure 2. Anisandrus maiche adult trapped at Serravalle-Leggiuna 1 (Ticino), dorsal and lateral. Specimen length 2.0 mm. Photos

by Carl-Michael Anderson, WSL.

v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster
City, California, USA). Sequences were trimmed and as-
sembled using the CLC Main Workbench Version 22.0.2
(QIAGEN, Aarhus, Denmark) and checked manually be-
fore being subjected to BLAST searches against the All
Barcode database on BOLD (https://www.boldsystems.
org) and NCBI (https://blast.ncbi.nlm.nih.gov). All COI
barcode sequences from A. maiche generated in this study
are deposited on BOLD (accession numbers listed below).
In addition, a specimen of 4. maiche (BOLD Sequence
ID: SCOL295-12) collected in Primorsky Krai, Russian
Far East, was obtained from Bjarte Jordal (University of
Bergen, Natural History Collections) and processed for
molecular analyses as described above for comparison
with our specimens.

Voucher specimens are held at WSL, Birmensdorf,
Switzerland, at the MCSN, Lugano, Switzerland, and in
the collections of M. Knizek in Prague, Czechia, A. San-
chez in Sion, Switzerland, and Heiko Gebhardt in Tiibin-
gen, Germany. Details on individual reference specimens
are provided below.

Isolation, cultivation, and identification of
fungal species associated with A. maiche

Live bottle traps (as described above for trap type 1, but
with moistened sterile paper instead of propylene glycol
in the collection jar) were installed at six locations in Ti-
cino (locations number (1)—(6), see Table 1) to collect
live beetles for isolation and cultivation of associated fun-
gi. Traps were inspected after 2 to 4 days in the field. Bee-
tles present in the traps were removed immediately from
the PVC bottle, placed individually in 1.5 mL Eppendorf
tubes and, upon arrival at the laboratory, stored at 4 °C for
a maximum of one week.

The fungal species present on the surface and inside
the collected beetles were identified as follows. First,
the individual beetles were taken from the Eppendorf
tubes using sterile tweezers and gently placed onto

weaker-strength agar medium (SMA; 10g/L malt extract;
15g/L agar; 100 ppm streptomycin added after autoclav-
ing to prevent growth of bacteria). The beetles were al-
lowed to walk freely for 30—45 min so that fungal spores
present on their body would eventually deposit on the
agar surface. To identify fungal species inside their body
(i.e., in the mycangia and in the digestive tract), beetles
were subsequently removed from the Petri dish using
sterile tweezers, placed in 90% ethanol for 1-2 seconds
to kill any spores still present externally on their body,
rinsed twice in sterile distilled water, and placed on a
sterile paper towel to dry. Once dry, beetles were placed
individually in a new 1.5 mL Eppendorf tube containing
0.5 mL distilled sterile water and crushed with a sterile
rod. After brief vortexing, 100 pL of this solution was
spread on SMA and incubated in the dark at room tem-
perature. Plates were checked daily for up to one week
and growing fungal colonies were subcultured on Potato
Dextrose Agar (PDA; 39 g I'!, Difco, Voight Global Dis-
tribution, Lawrence, MD, USA). When morphologically
different colonies were present on a plate, a representa-
tive colony of each morphotype was transferred to PDA.
After incubation of the PDA plates for two weeks in the
dark at room temperature, fungal cultures were grouped
into morphotypes based on the macro-morphological fea-
tures of their mycelia.

For species identification, DNA was extracted from
1-3 representative cultures of each morphotype using
LGC reagents and Kingfisher 96/Flex (LGC Genomics
GmbH, Berlin, Germany), according to the manufactur-
er’s instructions. The nuclear, internal transcribed spac-
er (ITS) was then amplified by PCR and sequenced in
both directions using the forward ITS5 and reverse ITS4
primers (White et al. 1990) following the general meth-
odology described in Frani¢ et al. (2019). Sequences were
assembled and edited using CLC Main Workbench Ver-
sion 22.0.2 and compared with reference sequences in
NCBI and BOLDSYSTEMS databases. Sequences were
considered to belong to the same species if they showed
at least 99% similarity.
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Results
Specimens of A. maiche trapped in Switzerland

In 2022, a total of 715 specimens of A. maiche were
trapped in southern Switzerland (Table 1, Fig. 1), in-
cluding 504 in bottle trap samples and 194 in Polytrap
samples. The first specimens were discovered in bottle
trap catches from May 2022 from the vicinity of Bias-
ca (Riviera-Iragna and Serravalle-Leggiuna), which
were identified by Milo§s Knizek on 1 July 2022 and
confirmed by molecular analysis soon after (see below).
Over the summer of 2022, 248 specimens of 4. maiche
were trapped with bottle traps (all with ethanol as lure)
at Riviera-Iragna and Serravalle-Leggiuna (Table 1). An
additional 256 4. maiche were trapped at five locations
in southern Ticino with additional traps placed there to
determine the extent of the distribution of 4. maiche in
Ticino (Table 1).

Two more specimens of 4. maiche were found in sam-
ples from a black funnel trap from Faido-Anzonico in
northern Ticino, the northernmost occurrence of the spe-
cies (Table 1). These traps were part of another project
which used funnel traps similar to trap type 3 (FB) but
baited only with ethanol and alpha-pinene lures and sus-
pended from pine branches about 2-3 m above ground.

Polytraps (trap type 4) installed in 2022 across the can-
ton of Ticino caught 194 specimens of A. maiche. These
were captured with 25 traps distributed between Chiasso
(southernmost Ticino) and Biasca (central-upper Ticino)
out of a total of 114 polytraps placed across Ticino. No
specimens were captured in the Polytraps located north
of Biasca and in the Maggia Valley north of Terre di
Pedemonte (near Ascona) (Fig. 1).

Following the discovery of 4. maiche in the vicini-
ty of Biasca in June—July 2022, samples collected in a
Swiss surveillance programme in 2021 (using green and
black funnel traps, trap types 2 and 3) aimed at detect-
ing priority quarantine insects, especially longhorn bee-
tles (Cerambycidae), were re-examined for the presence
of A. maiche. In these samples, a total of 15 A. maiche
were found in southern Ticino near the Italian border (two
sites near Chiasso), north of Lugano (Rivera), north of
Bellinzona (Moleno), and near Biasca (Riviera-Iragna)
(Table 1, Fig. 1).

Across all sites and trap types, most specimens of
A. maiche were trapped at lower elevations in the valleys
or lower mountain slopes at elevations between 195 m
a.s.l. (near Locarno) and 386 m a.s.l. (near Biasca), but
a few were caught at higher elevations such 626 m a.s.l.
(Capriasca, north of Lugano) and 916 m a.s.l. (Faido An-
zonico). All specimens were trapped in a variety of for-
est types with sweet chestnut, beech, mixed broadleaved
trees and, in a few cases, a mixture with Scots pine.

No A. maiche were caught with bottle traps at six
sites in canton Valais and six sites in canton Zurich
(that were part of the same study using bottle traps de-
scribed here).
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Molecular identification of A. maiche

To confirm the identity of selected specimens of A. mai-
che, nucleotide BLAST searches were performed on
BOLD and NCBI (as accessed in October 2022). For the
mitochondrial COI barcode region, seven out of our 14
samples share 100% identity with accession MN619845
on NCBI, designated as 4. maiche. For three other sam-
ples from Switzerland, a second haplotype was identified
sharing 100% identity with a private accession on BOLD,
also designated as A. maiche. The two haplotypes show a
divergence of 5.9% resulting from a remarkable number
of base substitutions between the haplotypes. In addition,
four specimens show a pattern of heteroplasmy, compati-
ble with the two haplotypes identified. However, assessing
the nuclear, ribosomal-encoding gene 28S revealed 100%
identity for all specimens to the ribosomal-encoding
gene 28S of A. maiche (GenBank Accession MK(098863,
voucher specimen UFIFAS UFFE 28176). In addition,
the CAD fragment from three samples (PHP22 0410,
PH22 0411, PHP22 0539) displayed 100% identity to a
sequence of 4. maiche (GenBank Accession MN260139,
Shanghai, China), but differed by 1bp to accession
MN260138 collected in Michigan, USA . The 4. maiche
specimen from the Russian Far East (BOLD Sequence
ID: SCOL295-12), which was re-analysed together with
our specimens from Switzerland, showed the same pat-
tern of COI heteroplasmy and shared 100% identity to the
28S locus of all our analysed specimens.

List of selected specimens held in collections

Selected specimens from Switzerland, collected by José
Ribeiro-Correia, caught in bottle traps with ethanol as
lure (see Suppl. material 1 for a complete list):

* 2 females, Leggiuna 1 (Serravalle-Leggiuna), Ti-
cino, LV95: 2718898 E, 1138748 N (46.3895°N,
8.9844°E), 370 m a.s.l., 13-27 May 2022, det.
Milo§ Knizek, WSL DNA-IDs PHP22 0410 (Gen-
Bank: 0Q685554) and PHP22 0411 (GenBank:
0Q685554), entire specimens used for molecular
analysis, DNA held at WSL PHP.

* 1 female, Iragna 1 (Riviera-Iragna), Ticino, LV95:
2717293 E, 1133879 N (46.3460°N, 8.9623°E),
286 m a.s.l, 27 May—10 June 2022, det. Milo§
Knizek, WSL DNA-ID PHP22 0539 (GenBank:
0Q685552), entire specimens used for molecular
analysis, DNA held at WSL PHP.

» 7 females, Iragna 2 (Riviera-Iragna), Ticino, LV95:
2717138 E, 1134143 N (46.3484°N, 8.9604°E),
285ma.s.l., 10-25 June 2022, det. José Ribeiro-Cor-
reia, WSL DNA-IDs PHP22 0627 (GenBank:
0Q685551), PHP22 0628 (GenBank: OQ685550),
PHP22 0629 (GenBank: 0Q685549), PHP22 0630
(GenBank: 0Q685548), PHP22 0946 (GenBank:
0Q685547), PHP22 0947(GenBank: 0Q685546),
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PHP22 0952(GenBank: OQ685541), specimens at
WSL FPS (ethanol/freezer), DNA held at WSL PHP.

e 1 female, Brusino-Arsizio, Ticino, LV95:
2715995 E, 1086645 N (45.9215°N, 8.9338°E),
320 m a.s.l., 18 July—3 Aug. 2022, det. José Ri-
beiro-Correia, WSL DNA-ID PHP22 0948 (Gen-
Bank: OQ685545), specimen at WSL FPS (ethanol/
freezer), DNA held at WSL PHP.

e 3 females, Roveredo, Grisons, LV95: 2730490 E,
1120800 N, (46.2260°N, 9.1301°E), 505 m a.s.l., 18
July—3 Aug. 2022, det. José Ribeiro-Correia, WSL
DNA-IDs PHP22 0949 (GenBank: OQ685544),
PHP22 0950 (GenBank: 0Q685543), PHP22 0951
(GenBank: 0Q685542), specimens at WSL FPS
(ethanol/freezer), DNA held at WSL PHP.

» 2 females, Leggiuna 1 (Serravalle-Leggiuna), Ti-
cino, LV95: 2718898 E, 1138748 N (46.3895°N,
8.9844°E), 370 m a.s.l., 20 April-13 May 2022 /
13-27 May 2022, det. Milos Knizek, specimens at
WSL FPS (pinned).

» 3 females, Leggiuna 1 (Serravalle-Leggiuna), Ti-
cino, LV95: 2718898 E, 1138748 N (46.3895°N,
8.9844°E), 370 m a.s.l., 13-27 May 2022, det. José
Ribeiro-Correia, specimens at WSL FPS (pinned).

» 2 females, Iragna 2 (Riviera-Iragna), Ticino, LV95:
2717138 E, 1134143 N (46.3484°N, 8.9604°E), 285 m
a.s.l.,, 13-27 May 2022, det. Milos Knizek, specimens
at Milo$ Knizek collection, Prague, Czechia.

* 11 females, Iragna 1 (Riviera-Iragna), Ticino, LV95:
2717293 E, 1133879 N (46.3460°N, 8.9623°E), 286 m
a.s.l., 27 May—10 June 2022, det. Milos Knizek, spec-
imens at Milo$ Knizek collection, Prague, Czechia.

» 2 females, Leggiuna 1 (Serravalle-Leggiuna), Ti-
cino, LV95: 2718898 E, 1138748 N (46.3895°N,
8.9844°E), 370 m a.s.l., 13-27 May 2022, det. Mi-
los Knizek, specimens at Milo§ Knizek collection,
Prague, Czechia.

Selected specimens from Switzerland, collected by
David Frey, caught with unbaited Polytrap interception
traps (see Suppl. material 2 for a complete list):

* 13 females, Ruderi del Castello di Claro (Bell-
inzona), Ticino, LV95: 2722751 E, 1124011 N
(46.2563°N, 9.0306°E), 437 m a.s.l., 14-29 June
2022, det. Andreas Sanchez, specimens at MCSN.

* 11 females, Ciossa Antognini (Cadenazzo), Tici-
no, LV95: 2714516 E, 1113409 N (46.1624°N,
8.9212°E), 201 m a.s.1., 16 June—15 July 2022, det.
Andreas Sanchez, specimens at MCSN.

* 1 female, El Piagn (Cugnasco-Gerra), Ticino, LV95:
2712487 E, 1116016 N (46,1862°N, 8,8956°E),
774 m as.l., 31 May-16 June 2022, det. Andreas
Sanchez, specimen at MCSN.

* 1 female, Solorénch (Capriasca), Ticino, LV95:
2717651 E, 1101409 N (46.0539°N, 8.9588°E),
626 ma.s.l., 1-13 June 2022, det. Andreas Sanchez,
specimen at MCSN.

* 2 females, Soloronch (Capriasca), Ticino, LV95:
2717643 E, 1101393 N (46.0538°N, 8.9587°E),
620 m a.s.l., 11 July—15 August 2022, det. Andreas
Sanchez, specimens at MCSN.

* 54 females, Bolette (Locarno), Ticino, LV95:
2709912 E, 1112488 N (46.1549°N, 8.8614°E),
195 m a.s.l,, 17 May—13 August 2022, det. Andreas
Sanchez, specimens at MCSN and at Andreas San-
chez collection, Sion, Switzerland.

e 31 females, Bolette (Locarno), Ticino, LV95:
2709941 E, 1112476 N (46.1547°N, 8.8618°E),
195 m a.s.l,, 2 June—13 August 2022, det. Andreas
Sanchez, specimens at MCSN and at Andreas San-
chez collection, Sion, Switzerland.

* 3 females, Colombera (Stabio), Ticino, LV95:
2717680 E, 1078726 N (45.8499°N, 8.9535°E),
339 ma.s.l., 1-27 June 2022, det. Andreas Sanchez,
specimens at MCSN.

» 5 females, Ronco del Re (Terre di Pedemonte), Ti-
cino, LV95: 2699033 E, 1115853 N (46.1868°N,
8.7213°E), 372 m a.s.l., 17 May-23 August 2022,
det. Andreas Sanchez, specimens at MCSN.

* 9 females, S. Martino (Vezia), Ticino, LV95:
2716328 E, 1098298 N (46.0262°N, 8.9409°E),
431 m a.s.l., 13 June—12 August 2022, det. Andreas
Sanchez, specimens at MCSN and at Heiko Geb-
hardt collection, Tiibingen, Germany.

Comparison of trap effectiveness

It was not an objective of the surveys reported here to com-
pare the effectiveness of different trap types in capturing
A. maiche. Nevertheless, a comparison of A. maiche cap-
tures per trap per day between trap types showed that bottle
traps with ethanol as lure were more effective than green
or black funnel traps with ethanol and additional attractants
(Table 1). Captures of A. maiche during the main flight pe-
riod (from June to August, see Fig. 3) at sites where the
species occurred, averaged 1.02 + 0.31 specimens per trap
per day (mean + SE, n = 11) for bottle traps with ethanol as
lure (BT/E, trap type 1), 0.048 £ 0.018 specimens per trap
per day (mean + SE, n = 3) for green funnel traps with eth-
anol, alpha-pinene and eight-component blend (FG/EAS,
trap type 2), 0.012 + 0.007 specimens per trap per day
(mean + SE, n = 3) for black funnel traps with ethanol, al-
pha-pinene and eight-component blend (FB/EAS, trap type
3), and 0.073 + 0.022 specimens per trap per day (mean =
SE, n = 29) for Polytraps with no lure (PT, trap type 4).

Other collection methods

No A. maiche were found infesting log sections (ca. 50 cm
long, baited with ethanol) of European beech, Norway
spruce and sweet chestnut that had been suspended from
branches at study sites (1)—(6) in Ticino. However, five
specimens were collected from around the cork used to
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Figure 3. Mean trap captures of Anisandrus maiche in central-upper Ticino (left, Riviera-Iragna and Serravalle-Leggiuna, N = 4
ethanol-baited bottle traps) and in central Ticino (right, Bolette, Locarno, N = 2 Polytraps).

seal the ethanol reservoir of beech logs and one spruce
log. No colonisation by A. maiche occurred of short sec-
tions of beech branches (about 20 cm long, 2—4 cm diam-
eter, soaked in 70% ethanol) that had been placed on the
ground at the same locations.

Phenology of 4. maiche in Ticino

Captures of A. maiche with ethanol-baited bottle traps in
central-upper Ticino (Riviera-Iragna and Serravalle-Leg-
giuna) (n = 4 traps) revealed that the main flight peri-
od was from June (or late May) to August (Fig. 3). This
general flight pattern was observed also with the captures
with unbaited Polytraps which occurred from mid-May to
mid-August (Fig. 3) near Locarno at locations that were
mainly at slightly lower elevations than the bottle trap
sites in central Ticino. As the Polytraps were used from 10
March (i.e., late winter/early spring) until 3 October (i.e.,
early autumn), this indicates that no flights were missed,
and that there is no second flight period. Therefore, the
species is probably univoltine in the study region.

Fungal associates of A. maiche

From seven specimens of A. maiche that were caught
alive, nine fungal cultures were successfully recovered.
DNA barcoding confirmed that these cultures belonged
to four species. Four cultures of Ambrosiella cleistom-
inuta (including WSL DNA-ID PHP22 0914) (Asco-
mycota, Ceratocystidaceae) were obtained from sites
Riviera-Iragna 2 and Serravalle-Leggiuna 1 (Fig. 4). In
addition, Aureobasidium pullulans (de Bary & Lowen-
thal) G. Arnaud (Ascomycota, Dothioraceae; three cul-
tures), Cladosporium cladosporioides (Fresen.) G.A.
de Vries (Ascomycota, Davidiellaceae; one culture),
and Fusarium lateritium Nees (Ascomycota, Nectri-
aceae; one culture) were found at Riviera-Iragna and
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Figure 4. Culture of Ambrosiella cleistominuta (on 15-day old
Potato Dextrose Agar, see methods) from Anisandrus maiche
trapped alive in canton Ticino, Switzerland.

Serravalle-Leggiuna sites. Cladosporium cladospori-
oides was isolated from the beetle surface, whereas the
other three species were isolated from crushed beetles.

Discussion

Establishment and distribution of 4. maiche in
Switzerland

The detection of over 700 specimens of Anisandrus maiche
across much of canton Ticino and an adjacent area of can-
ton Grisons revealed that this species is well-established
and already common in parts of southern Switzerland. This
population appears to be contiguous with a recently detect-
ed population in adjacent parts of the Italian region of Lom-



Alpine Entomology 8 2024, 35-49

43

bardy where specimens of A. maiche were found about 30
km from the nearest known occurrence in Switzerland (Ru-
zzier et al. 2022). In northern Italy, A. maiche was found in
five provinces between Milan and Treviso and appears to
be relatively widespread even though the first detection of
this species occurred only in 2021 (Colombari et al. 2022;
Ruzzier et al. 2022). It is very likely that 4. maiche has
been present in northern Italy and southern Switzerland
already for many years. Its superficial resemblance to the
common and widespread Xylosandrus germanus (Rabaglia
et al. 2009), another non-native invasive ambrosia beetle of
east Asian origin, probably prevented its earlier detection.
There is no indication that 4. maiche occurs north of
the Alpine divide (i.e., north or northwest of canton Tici-
no), although sampling and specific surveys for 4. mai-
che north of the Alpine divide so far have been carried
out only in parts of cantons Valais and Zurich. However,
given the abundance of 4. maiche in Ticino and northern
Italy and the considerable volume of international and
domestic trade, it is probably only a matter of time until
A. maiche is established north of the Alpine divide. Most
captures occurred at lower elevations in southern Ticino
but some individuals were trapped at higher elevations
(up to 915 m a.s.l.), indicating that mountain forests are
also at risk of invasion by A. maiche. Previous studies
have found a positive effect of ambient temperature on
the number and activity density of non-native ambrosia
beetles along with an effect of forest type (Rassati et al.
2016). However, it is likely that these patterns are also in-
fluenced by the locations where non-native species arrive,
which tend to be urban and commercial areas in mainly
warmer locations from where they disperse gradually.
Given that mountain forest habitats are particularly
threatened by climate change (Engler et al. 2011), addition-
al impacts by invasive species are a further concern. Al-
though its climatic requirements have not been determined
thoroughly, the presence of A. maiche in Ukraine (Terekho-
va and Skrylnik 2012), western Russia near Moscow (Ni-
kitskii 2009) and in far-eastern Russian Siberia (Kurentsov
1941) suggests that the climatic conditions north of the
Alps and at higher elevations in the mountains should be
climatically suitable. However, species distribution model-
ling would be required to ascertain this with more certainty.

Effectiveness of different traps and lures

At sites where the species occurred, bottle traps baited
with ethanol captured about 15 to 100 times more A. mai-
che individuals on average than funnel traps baited with
ethanol and alpha-pinene or ethanol, alpha-pinene and an
eight-component blend, or unbaited Polytrap flight inter-
ception traps. Previous studies have shown that ethanol by
itself is a better lure for species of Anisandrus than a com-
bination of ethanol and alpha-pinene, but this does not
apply to all ambrosia beetles since species of Xyleborus
and Xylosandrus showed different responses (Rabaglia et
al. 2019). Catch rates can also be influenced by the con-
centration or release rate of ethanol (e.g., Cavaletto et al.

2021; Tobin and Ginzel 2023); however, this has not been
studied specifically for A. maiche.

The apparent weakness of attraction in our experi-
ments with ethanol-infused branch sections and log sec-
tions with an ethanol-reservoir was surprising given that
others found similar methods to be effective for 4. maic-
he (Reding and Ranger 2020) and other ambrosia beetle
species (Monterrosa et al. 2021). It is possible that in our
branch and log experiments, the attraction of A. maiche
was compromised by a sub-optimal concentration and/or
release rate of ethanol.

Trap colour and position (i.e., the height above ground
level of traps) may also affect capture rates (e.g., Kerr et
al. 2017; Cavaletto et al. 2020; Marchioro et al. 2020), al-
though this has not been studied systematically for A. maic-
he. However, the fact that clear bottle traps baited with eth-
anol were highly attractive in our study suggests that trap
colour appears not to be an important factor for 4. maiche.

Phenology and host plants of A. maiche

Captures of A. maiche in Ticino occurred between ear-
ly May and late August 2022. Although this stretch-
es across a period of nearly four months, there was no
clear indication of two separate peaks of flight activity,
and we assume that the species is univoltine. Observa-
tions in Ukraine, Skrylnik et al. (2019) also suggest that
A. maiche has one generation per year.

To our knowledge, only three infestations by A. mai-
che of trees are known from Ticino. Two were detect-
ed in 2023 at the botanic garden on the larger Brissago
Island in Lago Maggiore. One concerned a live Hakea
sp. shrub (Proteaceae), and the other a dead Chinese lac-
quer tree, Toxicodendron vernicifluum (Anacardiaceae).
The third infestation was in a twig (5 mm diameter) of a
chestnut tree at a forest edge east of Tegna, Ticino. Con-
sidering its wide distribution and apparent abundance
in Ticino, the lack of any other observed infestations is
surprising. However, based on host records from its na-
tive and non-native ranges (summarised in Holling and
Brockerhoff 2023; Ruzzier et al. 2023), A. maiche is
known to be highly polyphagous. In its native range in
eastern Asia, host records include trees in the genera Acer
(maple), Alnus (alder), Betula (birch), Carpinus (horn-
beam), Corylus (hazel), Fraxinus (ash), Juglans (walnut),
Quercus (0ak), Ulmus (elm), and several other genera, in-
cluding some conifers (Holling and Brockerhoff 2023).
In the non-native range of 4. maiche, relatively few host
records exist which, nonetheless, confirm that this species
has a very wide host range. In Ukraine, attacks of Betula
pendula, Populus tremula, Quercus robur, Quercus rubra
(a North American oak species) and Ulmus minor have
been reported (Nikulina et al. 2015; Skrylnik et al. 2019).
In North America, A. maiche has been observed breeding
in Acer rubrum, Cercis canadensis, Cornus florida, Gled-
itsia triacanthos, Quercus imbricaria, Sassafras albidum
and Styrax japonicus (Mayers et al. 2017; Ranger et al.
2015, 2019, 2020; Reding and Ranger 2020).
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Introduction pathways for 4. maiche and other
ambrosia beetles

To our knowledge, no confirmed border interceptions of
A. maiche with any traded goods have been recorded,
neither in Switzerland, anywhere else within the EPPO
region, nor in a number of other countries (Brockerhoff et
al. 2006; Turner et al. 2021). However, many other am-
brosia beetles including species in the genera Xyleborus,
Xyleborinus, Xylosandrus and others have been intercept-
ed numerous times (Brockerhoff et al. 2006; Haack et al.
2006, 2013), indicating the existence of pathways that
can facilitate invasions of ambrosia beetles. For exam-
ple, Xylosandrus crassiusculus and Xylosandrus germa-
nus, two well-known invasive ambrosia beetles that are
now established in several continents where they are not
native, have been intercepted repeatedly in New Zealand
(Brockerhoff et al. 2006). Furthermore, it is possible that
specimens of 4. maiche were intercepted in some coun-
tries but not recognised as this species. Pathways known
or thought to be involved in invasions of ambrosia beetles
include international transport of wood packaging mate-
rials (such as pallets and case wood used with ceramic
tiles, stone products and numerous other commodities) as
well as trade in firewood and live plants (Liebhold et al.
2012; Meurisse et al. 2019). According to Mandelshtam
et al. (2018), it may be possible that A. maiche extended
its distribution by natural spread westwards from its na-
tive range in the Russian Far East; however, considering
its apparently discontinuous distribution between eastern
Asia and central Europe, we regard it as more likely that
international trade of infested wood or wood products is
responsible for its arrival and establishment in Europe.

Fungal associates of A. maiche

Ambrosiella cleistominuta is the ambrosia fungus associ-
ated with Anisandrus maiche (Mayers et al. 2017). Previ-
ously, this association was only known from the United
States, where the fungus was isolated and described as a
species new to science in 2017 (Mayers et al. 2017). Here,
we report for the first time that the fungus is also present
in Europe, again in association with 4. maiche (with four
confirmed isolations from 4. maiche in the present study).
The fungus was most likely introduced to Europe together
with its beetle host. We are not aware of any studies indi-
cating that this fungus is pathogenic to (live) plants.
Surprisingly, A. cleistominuta was also found in associa-
tion with Xylosandrus crassiusculus (Motschulsky 1866) in
samples of the same Hakea shrub from the larger Brissago
Island which was also infested by 4. maiche. This was first
reported by Ribeiro-Correia et al. (2023), and a more de-
tailed publication on this case is in preparation. Xylosandrus
crassiusculus is a recent invader to Switzerland which was
first detected in Ticino in 2013 (Sanchez et al. 2020). Xy-
losandrus crassiusculus is usually always associated with
a different ambrosia fungus, Ambrosiella roeperi T.C. Harr.
& McNew (Harrington et al. 2014; Saragih et al. 2021).
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Ambrosia beetles and their mutualistic ambrosia fungi typ-
ically show a high degree of fidelity, and associations with
other ambrosia fungi are rare (Biedermann and Vega 2020).
However, new associations between ambrosia beetles and
ambrosia fungi can be established experimentally (Menocal
et al. 2023) and may thus also occur in nature, in particular
as a result of invasions of ambrosia beetles into non-native
regions. “Adoptions” of foreign ambrosia fungi of beetles
colonizing the same trees in the invasive range may be suf-
ficient for nutrition and development in the foreign gallery,
but may not be suitable for transport to other trees because
of the evolved specificity of mycangia (Mayers et al. 2022).
Successful mycangial transmission should only occur in
beetle species with similar mycangial selection processes
and that are obligately associated with species in the same
fungal clade (Biedermann and Vega 2020). The genus Am-
brosiella (Ascomycota: Microascales), for example, is mu-
tualistic with scolytine ambrosia beetles in the Xylosandrus
and Anisandrus genera, so fungal exchanges between these
beetle species are most likely (Mayers et al. 2015). New-
ly acquired ambrosia fungi may then lead to reductions or
even increases in beetle fitness (e.g., reproductive success)
(Menocal et al. 2023).

Three other fungi were isolated from A. maiche trapped
alive in Ticino: Aureobasidium pullulans is a saprophytic
yeast-like fungus with a worldwide distribution; it occurs
on the leaves of a wide range of plants and is known main-
ly from crop plants (Deshpande et al. 1992). Cladosporium
cladosporioides is a member of a genus that includes the
most common environmental fungi found worldwide with
species of various lifestyles (Bensch et al. 2012). Clado-
sporium cladosporioides is also recognized as a pathogen
of grapes and other fruits on which it produces the so-
called Cladosporium fruit rot (Latorre et al. 2011; Swett et
al. 2019). Its isolation from the body surface of 4. maiche
may suggest a coincidental association of the fungus and
the beetle. Fusarium lateritium is a globally distributed
plant pathogen that may cause a variety of symptoms on
affected plants. For example, F. lateritium can cause chlo-
rotic leaf distortion on sweet potato (Clark et al. 1995) and
nut grey necrosis on hazelnut fruits (Vitale et al. 2011).
Recently, F lateritium was found to cause shoot dieback
of boxelder maple (Acer negundo) in Poland (Patejuk et al.
2022). It is not yet known whether any of these three fungi
(and their association with 4. maiche) could pose a prob-
lem for forest trees in Switzerland and Central Europe. As
they have also only been found sporadically with A. maic-
he, we suspect that these may be coincidental associations.
Nevertheless, these examples show that A. maiche can be
a potential vector of pathogens.

Potential damage to infested trees from
A. maiche and associated fungi

So far, the only trees (or wood) infested by A. maiche that
have been found in Switzerland (the vast majority of spec-
imens were trapped) are two non-native plant species at
a botanic garden, a Hakea sp. shrub (Proteaceae), and a



Alpine Entomology 8 2024, 35-49

45

dead Chinese lacquer tree, Toxicodendron vernicifluum
(Anacardiaceae) and a native chestnut tree at the edge of a
semi-natural forest. It is uncertain what other tree or shrub
species are attacked in Switzerland. However, most of the
trap catches of 4. maiche in canton Ticino occurred at lo-
cations with native forest and native tree species. Based
on this as well as previous host records (summarised in
Holling and Brockerhoff (2023) and Ruzzier et al. (2023)),
A. maiche may attack a wide range of broadleaved tree
species both native and non-native present in Ticino.

In general, most ambrosia beetles attack freshly dead
wood and thus do not cause much damage of live plants,
but there are exceptions, particularly when non-native
ambrosia beetles and associated plant pathogenic fungi
are involved (Hulcr and Dunn 2011; Eskalen et al. 2013;
Hughes et al. 2017; Paap et al. 2018; Morales-Rodriguez
et al. 2021). Based on observations from Ukraine, Ter-
ekhova and Skrylnik (2012) state that A. maiche “has no
significant economic impact” in that country. However,
“noticeable” damage to birch (Betula pendula) trees in
Ukraine was described by Skrylnik et al. (2019) who gave
A. maiche an intermediate impact rating for birch with a
“physiological harmfulness score” of 5 out of 14, consid-
ering both damage from galleries made by the beetles and
their assumed ability to act as vectors of plant pathogens.
As of late 2023, there is no indication of any major dam-
age caused by A. maiche in Switzerland, neither from its
galleries nor from any associated plant pathogens. How-
ever, no systematic surveys for damage from A. maiche
have been carried out yet, and it is not known if 4. mai-
che is indeed harmful to trees or shrubs. Nevertheless,
its considerable abundance in some locations in Ticino
along with the apparent association with at least one plant
pathogen (F. lateritium, see Patejuk et al. (2022)) sug-
gests that there is some potential for damage, especially if
plants are stressed by drought, flooding or fire (Terekhova
and Skrylnik 2012; Ranger et al. 2015; Mandelshtam et
al. 2018). Ranger et al. (2015) consider that 4. maiche
prefers to attack living, weakened trees over dead trees.

Further research needs

Several aspects of the invasion of 4. maiche in Europe
deserve further study. As this species is already relative-
ly common in southern Switzerland (and probably also
in other invaded areas), it is possible that it will become
one of the most abundant ambrosia beetles. This has hap-
pened at some locations in North America, where 4. mai-
che was found to be one of the two most abundant ambro-
sia beetles, together with Xylosandrus germanus (Ranger
et al. 2019). An increase in the abundance of 4. maiche
could lead to more noticeable damage of infested trees
(given its apparent preference for attacking weakened
living trees) and it could also cause competition with
native ambrosia beetles which may decline in response.
Therefore, having a better understanding of the extent of
the distribution of A. maiche both at higher elevations in
mountain forests of Ticino and beyond canton Ticino is

desirable. Likewise, better knowledge of its host plants,
fungal associates and their combined potential effect on
plant health are required in both lowland and mountain
forests. Furthermore, a better understanding of the path-
ways involved in the invasions and spread of 4. maiche
and other ambrosia beetles could be used to limit the ex-
tent of future invasions and impacts. Finally, given the
occurrence of heteroplasmy in COI sequences in some
of the samples of 4. maiche we analysed, a known prob-
lem with COI barcoding of insects (e.g., Magnacca and
Brown 2010; Cognato et al. 2020), further studies on the
invasion and population genetics of A. maiche should ex-
amine the use of additional markers.
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Résumé

Une liste des Cerophytidae, Elateridae, Eucnemidae et Throscidae du bassin genevois est présentée avec quelques commentaires
et annotations. Le présent travail est basé sur des prospections de terrain ciblées, sur une analyse critique de la littérature et des
recherches dans les collections muséales et privées. Une espéce de Cerophytidae, 102 especes d’Elateridae, 14 especes d’Eucnemidae
et 9 espeéces de Throscidae sont recensées dans le bassin genevois. 13 especes insuffisamment documentées (Elateridae) sont a
considérer comme douteuses et sont donc répertoriées séparément. Enfin, 9 especes (8 Elateridae et 1 Throscidae) potentiellement
présentes dans le bassin genevois mais pour I’heure non recensées, sont é¢galement mentionnées et discutées. Les résultats montrent
que du point de vue patrimonial, 44 especes saproxyliques sont de grande valeur, car rares et/ou exigeantes envers leur habitat.

Summary

Annotated checklist of Cerophytidae, Elateridae, Eucnemidae and Throscidae (Coleoptera) of the Geneva Basin. We present
an annotated list of species in the families Cerophytidae, Elateridae, Eucnemidae and Throscidae occurring in the Geneva Basin.
This inventory is based upon targeted fieldwork, a critical review of existing literature and studies of institutional and private
collections. One species of Cerophytidae, 102 Elateridae, 14 Eucnemidae and 9 Throscidae are recorded from the Geneva Basin.
Data is lacking for 13 species of Elateridae, whose presence in the area is consequently considered doubtful, and which is report-
ed separately. Nine additional species (8 Elateridae and 1 Throscidae) potentially present in the Geneva Basin are also listed and
discussed. From a conservation point of view, our results show that 44 saproxylic species are of high value, as they are rare and/or
habitat-demanding.

Zusamenfassung

Kommentierte Liste der Kéfer Cerophytidae, Eucnemidae, Throscidae und Elateridae des Genfer Beckens (Coleoptera).
Eine Liste der Cerophytidae, Elateridae, Eucnemidae und Throscidae des Genfer Beckens wird mit einigen Kommentaren und
Anmerkungen vorgestellt. Die vorliegende Arbeit basiert auf gezielten Feldforschungen, einer kritischen Analyse der Literatur und
Recherchen in musealen und privaten Sammlungen. Im Genfer Becken wurden eine Cerophytidae-Art, 102 Elateridae-Arten, 14
Eucnemidae-Arten und 9 Throscidae-Arten nachgewiesen. 13 unzureichend dokumentierte Arten (Elateridae) sind als zweifelhaft
zu betrachten und werden daher gesondert aufgefiihrt. Schliesslich werden 9 Arten (8 Elateridae und 1 Throscidae), von denen an-
genommen wird, dass sie potenziell im Genfer Becken vorkommen, ebenfalls erwdhnt und diskutiert. Die Ergebnisse zeigen, dass
aus patrimonialer Sicht 44 saproxylische Arten von hohem Wert sind, da sie selten sind und/oder hohe Habitatanspriiche haben.

Key Words

Click beetle, false click beetle, throscid beetle, checklist, Geneva basin, France, Switzerland, faunistics

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

Les Cerophytidae, Elateridae, Eucnemidae et Throscidae
des faunes de France et de Suisse ont ét¢ plutdt bien
étudiées depuis les années 1970 (Leseigneur 1972; Chittaro
and Blanc 2012; Leseigneur et al. 2015), a ’exception des
départements de I’Ain (F-01) et de la Haute-Savoie (F-74)
qui restent sous-échantillonnés. Sauf pour quelques espéces,
ces familles sont assez faciles a échantillonner, mais ont la
juste réputation d’étre difficiles a déterminer. Pourtant, la
variété des habitats qu’elles colonisent et leur écologie font
de ces familles un sujet d’études de grand intérét, que ce
soient les espéces saproxyliques pour la conservation des
milieux naturels (e.g. Speight 1989) ou certaines espéces
phytophages pour I’impact qu’elles peuvent avoir sur les
plantes cultivées (Jossi et al. 2008; Thibord et al. 2017,
Naqggqash 2023). Pour ces raisons, il est opportun de mettre
en lumiére ces quatre familles méconnues et peu prises en
compte dans les politiques de conservation de la biodiversité
locale et régionale (DETA, DGAN, CCDB 2018).

Matériel et méthodes
Contexte géographique

Le bassin genevois forme une cuvette franco-suisse entourée
de massifs montagneux, mais en partie ouverte au nord-est
sur le lac Léman, lequel constitue un réservoir d’eau douce
— le plus grand d’Europe occidentale — dont le niveau actuel
se trouve a 372 m au-dessus de celui de la mer. Le point
le plus haut du bassin genevois culmine a 1720 m dans le
massif du Jura (Crét de la neige). A I’ouest le Vuache atteint
quant a lui 1105 m, tandis que le Saléve au sud-est plafonne
a 1380 m et que les Voirons se dressent a I’est a 1480 m.
Dans le périmétre d’étude, notons également un autre point
haut d’importance dans le massif du Jura : La Ddle (1677
m). Globalement, le périmétre s’arréte aux lignes de crétes
de ces montagnes et couvre une surface de 1223 km? qui
comprend la totalité du canton de Geneve (23%), I’extréme
sud-ouest du canton de Vaud (11%) et une petite partie des
départements de 1’Ain (24%) et de la Haute-Savoie (42%).
Au sud, entre le Vuache et le Saléve, les frontiéres sont
moins marquées mais conservent une logique de bassin
versant. A est, la Dranse et son embouchure au niveau
de la ville de Thonon-les-Bains définissent la limite du
périmétre. Enfin, en terre vaudoise, une ligne partant de
Saint-Cergue et rejoignant la Promenthouse, vient boucler
la zone d’étude (Fig. 1). En plaine, le Léman, le Rhéne et
I’Arve sont les ¢éléments hydrographiques marquants du
paysage. Le second de ces cours d’eau rejoint le premier
au niveau du quartier de la Jonction (Genéve) pour former
une artére fluviale qui va s’écouler vers 1’ouest jusqu’a sa
sortie du bassin entre le Jura et le Vuache. L’ensemble de
ces ¢léments contribue a créer un microclimat particulier,
qualifié de subocéanique dégradé (Theurillat et al. 2011),
qui se résume a des hivers froids et des étés chauds avec des
apparitions fréquentes de canicules. En outre, le Léman est
a I’origine d’intenses brouillards hivernaux.
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Analyse des données

Pour [I’¢laboration de la Liste commentée des
Cerophytidae, Elateridae, Eucnemidae et Throscidae de
Suisse (Chittaro and Blanc 2012), les collections muséales
et la plupart des collections privées ont été contrdlées et
toutes les données a disposition jusqu’en 2012 ont été
saisies. Les données ont été¢ complétées pour la période
2013 a 2023 grace a I’analyse de nouvelles collections
privées et des bases de données suisses et francaises,
respectivement d’info fauna, de Faune Genéve et de
I’Inventaire national du patrimoine naturel (INPN) et du
Pole invertébrés Auvergne-Rhone-Alpes. En outre, des
informations sur ces quatre familles ont été extraites des
données publiées disponibles (Leseigneur 1972; Roe et
al. 2009; Chittaro and Blanc 2012; Chittaro et al. 2013;
Blanc 2014a; Leseigneur et al. 2015; Breitenmoser 2017,
2022; Blanc and Rochet 2024). Enfin, des inventaires et
des recherches ciblés ont été menés dans le périmétre
d’étude de 2018 a 2023.

La nomenclature suivie est celle de TAXREF (version
17.0) (Gargominy et al. 2022) a 1’exception de la sous-
famille des Cardiophorinae (Elateridae) basée selon la
révision de Mertlik (2011). En outre, nous avons considéré
le genre Reitterelater comme synonyme de Brachygonus
(Elateridae) d’apres Delnatte et al. (2011).

Bien que certaines études (Kundrata and Bocak 2011;
Kusy et al. 2020) montrent que les Drilidae devraient étre
dorénavant considérées comme une tribu (Drilini) de la
sous-famille des Agrypninae et les Omalisidae comme
une sous famille (Omalisinae) des Elateridae, nous avons
préféré opter pour une vision plus conservatrice (L&bl
and Smetana 2007) et ne les avons pas incluses dans le
présent travail.

L’analyse patrimoniale des espéces se rapporte aux
synthéses suivantes : la liste des espéces reliques de
foréts primaires d’Europe centrale (Eckelt et al. 2018),
la liste rouge des Coléoptéres saproxyliques des 27 pays
membres de 1’Union Européenne (Calix et al. 2018)
et celle des Coléopteres saproxyliques d’Auvergne-
Rhone-Alpes (Dodelin and Calmont 2021), la liste
francaise des Coléopteres saproxyliques bioindicateurs
(valeur patrimoniale de 3-4 selon Bouget et al.
2019), la liste suisse des Coléoptéres saproxyliques
emblématiques (indice de spécificité de 4 a 7 selon
Sanchez et al. 2016).

Dans le cas de données publiées concernant les
espeéces commentées, NoUs nous sommes restreints a ne
citer que la premiére mention d’une localité, celle-ci étant
généralement reprise telle quelle dans les publications
ultérieures. Les données sur la biologie ou I’écologie
des espéces proviennent principalement de Leseigneur
(1972), de Bouget et al. (2019) et de nos observations
personnelles. Les cantons suisses et les départements
frangais sont mentionnés dans le cas de localités précises
et sont abrégés par leur code usuel (GE pour Geneve,
VD pour Vaud, 01 pour I’Ain et 74 pour la Haute-
Savoie). Autres abréviations utilisées : coll. = collection,
det. = déterminateur, ex. = exemplaire, leg. = collecteur.
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Figure 1. Périmétre du bassin genevois (trait vert foncé). Frontieres internationales (trait gris). Frontiéres cantonales (trait noir).

Source: Faune Genéve.

Résultats
Liste des especes du bassin genevois

Ne figurent dans la liste que les espéces dont la présence a
pu étre validée par au moins un exemplaire en collection,
correctement étiqueté et provenant d’une collection jugée
fiable, ou par une donnée numérique accompagnée d’une
photo présentant les caractéres discriminants de I’espece.

Les taxa sont listés dans [’ordre alphabétique des
familles, sous-familles, genres, espéces et sous-especes.
Les espéces suivies d’un astérisque et d’un chiffre ("*1"
par exemple) sont commentées.

CEROPHYTIDAE Latreille, 1834
Cerophytum elateroides (Latreille, 1804)

ELATERIDAE Leach, 1815
Agrypninae Candeze, 1857

Agrypnus murinus (Linnaeus, 1758)
Danosoma fasciata (Linnaeus, 1758)
Drasterius bimaculatus (Rossi, 1790)
Lacon querceus (Herbst, 1784) *1

Cardiophorinae Candéze, 1860

Cardiophorus gramineus (Scopoli, 1763)
Cardiophorus rufipes (Goeze, 1777)
Dicronychus cinereus (Herbst, 1784)
Dicronychus equiseti (Herbst, 1784)
Paracardiophorus musculus (Erichson, 1840)

Denticollinae Stein & J. Weise, 1877

Actenicerus sjaelandicus (O.F. Miiller, 1764)
Anostirus gracilicollis (Stierlin, 1896)
Anostirus purpureus (Poda, 1761)

Aplotarsus incanus (Gyllenhal, 1827)

Athous bicolor (Goeze, 1777)

Athous emaciatus Candéze, 1860 *2

Athous haemorrhoidalis (Fabricius, 1801)
Athous subfuscus (O.F. Miiller, 1764)

Athous tomentosus Mulsant & Guillebeau, 1855 *3
Athous vittatus (Fabricius, 1792)

Athous zebei Bach, 1852

Calambus bipustulatus (Linnaeus, 1767)
Cidnopus aeruginosus (Olivier, 1790)

Cidnopus pilosus (Leske, 1785)

Crepidophorus mutilatus (Rosenhauer, 1847) *4
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Ctenicera cuprea (Fabricius, 1775)
Ctenicera pectinicornis (Linnaeus, 1758)
Ctenicera virens (Schrank, 1781)
Denticollis linearis (Linnaeus, 1758)
Denticollis rubens Piller & Mitterpacher, 1783
Diacanthous undulatus (De Geer, 1774)
Hemicrepidius hirtus (Herbst, 1784)
Hemicrepidius niger (Linnaeus, 1758)
Hypoganus inunctus (Lacordaire, 1835)
Limonius minutus (Linnaeus, 1758)
Limonius poneli Leseigneur & Mertlik, 2007
Nothodes parvulus (Panzer, 1799)
Paraphotistus nigricornis (Panzer, 1799)
Pheletes aeneoniger (De Geer, 1774)
Prosternon tessellatum (Linnaeus, 1758)
Selatosomus aeneus (Linnaeus, 1758)
Selatosomus latus (Fabricius, 1801)
Stenagostus rhombeus (Olivier, 1790)

Elaterinae Leach, 1815

Adrastus axillaris Erichson, 1841
Adrastus lacertosus Erichson, 1841
Adrastus limbatus (Fabricius, 1777)
Adrastus montanus (Scopoli, 1763)
Adrastus pallens (Fabricius, 1792)
Adrastus rachifer (Geoffroy in Fourcroy, 1785)
Agriotes acuminatus (Stephens, 1830)
Agriotes gallicus Lacordaire in Boisduval and Lacordaire
1835
Agriotes lineatus (Linnaeus, 1767)
Agriotes obscurus (Linnaeus, 1758)
Agriotes pallidulus (1lliger, 1807)
Agriotes pilosellus (Schonherr, 1817)
Agriotes sputator (Linnaeus, 1758)
Agriotes ustulatus (Schaller, 1783)
Ampedus auripes (Reitter, 1895)
Ampedus brunnicornis Germar, 1844
Ampedus cardinalis (Schigdte, 1865) *5
Ampedus cinnaberinus (Eschscholtz, 1829)
Ampedus elegantulus (Schonherr, 1817) *6
Ampedus elongatulus (Fabricius, 1787)
Ampedus erythrogonus (P.W.J. Muller, 1821)
Ampedus nigerrimus (Lacordaire, 1835)
Ampedus nigroflavus (Goeze, 1777) *7
Ampedus pomonae (Stephens, 1830)
Ampedus pomorum (Herbst, 1784)
Ampedus praeustus (Fabricius, 1792)
Ampedus quercicola (Buysson, 1887)
Ampedus rufipennis (Stephens, 1830)
Ampedus sanguineus (Linnaeus, 1758)
Ampedus sanguinolentus (Schrank, 1776)
Ampedus scrofa Germar, 1844
Ampedus sinuatus Germar, 1844 *8
Betarmon bisbimaculatus (Fabricius, 1803)
Brachygonus bouyoni (Chassain, 1992)
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Brachygonus campadellii Platia & Gudenzi, 2000 *9

Brachygonus dubius (Platia & Cate, 1990)

Brachygonus megerlei (Lacordaire in Boisduval and
Lacordaire 1835)

Brachygonus ruficeps (Mulsant & Guillebeau, 1855)

Dalopius marginatus (Linnaeus, 1758)

Elater ferrugineus (Linnaeus, 1758)

Idolus picipennis (Bach, 1852)

Ischnodes sanguinicollis (Panzer, 1793)

Megapenthes lugens (Redtenbacher, 1842)

Podeonius acuticornis (Germar, 1823) *10

Porthmidius austriacus (Schrank, 1781)

Procraerus tibialis (Lacordaire in Boisduval
Lacordaire 1835)

Sericus brunneus (Linnaeus, 1758)

Sericus subaeneus (W. Redtenbacher, 1842)

Synaptus filiformis (Fabricius, 1781)

and

Lissominae Laporte, 1835
Drapetes mordelloides Host, 1789
Melanotinae Candeze, 1859

Melanotus castanipes (Paykull, 1800)
Melanotus punctolineatus (Pélerin, 1829)
Melanotus villosus (Geoffroy in Fourcroy, 1785)

Negastriinae Nakane & Kishii, 1956

Negastrius sabulicola (Boheman, 1854)

Quasimus minutissimus (Germar, 1823)

Zorochros dermestoides (Herbst, 1806)

Zorochros dufouri (Buysson, 1900)

Zorochros flavipes (Aubé, 1850)

Zorochros meridionalis (Laporte de Castelnau, 1840)
Zorochros quadriguttatus (Laporte de Castelnau, 1840)

EUCNEMIDAE Eschscholtz, 1829
Eucneminae Eschscholtz, 1829

Eucnemis capucina Arhens, 1812
Macraulacinae Fleutiaux, 1922

Dromaeolus barnabita (A. Villa & J.B. Villa, 1838)
Nematodes filum (Fabricius, 1801) *11

Melasinae Fleming, 1821

Hylis cariniceps (Reitter, 1902)

Hylis foveicollis (C.G. Thomson, 1874)

Hylis olexai (Palm, 1955)

Hylis simonae (Olexa, 1970)

Isorhipis melasoides (Laporte de Castelnau, 1835)
Melasis buprestoides (Linnaeus, 1761)
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Microrhagus emyi (Rouget, 1856)
Microrhagus lepidus Rosenhauer, 1847
Microrhagus pygmaeus (Fabricius, 1792)
Microrhagus pyrenaeus Bonvouloir, 1872 *12
Rhacopus sahlbergi (Mannerheim, 1823)

THROSCIDAE Laporte, 1840
Throscinae Laporte, 1840

Aulonothroscus brevicollis (Bonvouloir, 1859)
Trixagus atticus Reitter, 1921

Trixagus carinifrons (Bonvouloir, 1859)
Trixagus dermestoides (Linnaeus, 1767)
Trixagus elateroides (Heer, 1841)

Trixagus gracilis Wollaston, 1854

Trixagus leseigneuri Muona, 2002

Trixagus meybohmi Leseigneur, 2005
Trixagus obtusus (Curtis, 1827)

Dans le bassin genevois, 44 especes saproxyliques
sont de grande valeur (Table 1), étant soit liées a des
foréts primaires selon Eckelt et al. (2018), soit figurant
sur la liste rouge des Coléopteres saproxyliques des 27
pays membres de I’Union Européenne (Calix et al. 2018)
ou celle de la région Auvergne-Rhone-Alpes (Dodelin
and Calmont 2021), soit obtiennent un indice patrimonial
¢levé de 3—4 dans la liste francaise des Coléopteres
saproxyliques bioindicateurs (Bouget et al. 2019) ou
un indice de spécificité de 67 dans la liste suisse des
Coléopteres saproxyliques emblématiques (Sanchez
et al. 2016). Le grand nombre d’espéces patrimoniales
peut s’expliquer selon plusieurs parametres dont celui
évoqué plus haut concernant le contexte biogéographique
mais également selon la disponibilit¢ en habitats ou
dendro-microhabitats. En effet, beaucoup de ces especes
saproxyliques rares et/ou exigeantes sont liées a des
arbres agés, sénescents ou morts, qu’ils soient isolés,
en allées ou en lisiére. Les espeéces liées aux différents
dendro-microhabitats situés sur des chénes centenaires y
sont particuliérement représentées car le bassin genevois
est bien fourni en chénes séculaires (Giforge 2011; Blanc
2014b; Breitenmoser 2022). Ces especes saproxyliques
patrimoniales indiquent aussi 1’intérét prépondérant de
conserver les vieux arbres - notamment les chénes — ainsi
que le bois mort de tout diameétre, autant dans les milieux
forestiers, les campagnes, que dans les espaces verts
urbains. Ces arbres bénéficient de mesures de conservation
grace notamment aux plans d’action pour la sauvegarde
du Grand Capricorne (Cerambyx cerdo L., 1758) dans les
cantons de Genéve et Vaud (Blanc 2014b; Maibach et al.
2014). De nombreuses autres especes saproxyliques, dont
celles de valeur patrimoniale (Table 1), bénéficient de la
protection de cette espece parapluie protégée a 1’échelon
européen (Annexe II de la Convention de Berne relative
a la conservation de la vie sauvage et du milieu naturel
de I’Europe).

Commentaires sur quelques especes

*1 Lacon querceus (Herbst, 1784)
Fig. 2A

Matériel examiné. 1 ex., Bernex (GE), 31.V.1942, leg.
Bertin G.; 1 ex., Veyrier (GE), 11.111.2014, leg. & coll.
Blanc M.; 1 ex., Veyrier (GE), 11.111.2014, leg. & coll.
Chittaro Y.; 1 ex., Etrembicres (74), 11.111.2014, leg. &
coll. Blanc M.; 1 ex., Duillier (VD), 28.V.-20.V1.2015,
leg. & coll. Breitenmoser S.; 4 ex., Présinge (GE),
21.11.2017, leg. & coll. Blanc M.; 1 ex., Cartigny (GE),
29.V.2018, leg. Blanc M. & Rochet C., coll. Blanc M.;
1 ex., Collonge-Bellerive (GE), 19.111.2022, leg. & coll.
Blanc M.; 1 ex., Miolan (GE), 19.111.2022, leg. & coll.
Blanc M.; 4 ex., Nernier (74), 22.111.2022, leg. & coll.
Blanc M.; 1 ex., Veigy-Foncenex, 18.X.2022, leg. & coll.
Blanc M.; 11 ex., Chens-sur-Léman (74), 14.1.2023, leg.
& coll. Blanc M.; 1 ex., Versoix (GE), 15.V1.2023, leg. &
coll. Chittaro Y.; 1 ex., Vésenaz (GE), 24.V1.2023, leg. &
coll. Blanc M.; 3 ex., Excenevex (74), 03.X1.2023, leg. &
coll. Blanc M.

Données publiées. Chittaro and Blanc (2012); Blanc
(2014a); Leseigneur et al. (2015); Breitenmoser (2017,
2022); Blanc and Rochet (2024).

Commentaire. Adultes et larves s’observent dans
la carie rouge pulvérulente des vieux chénes et hétres
colonisés par le Polypore soufré (Laetiporus sulphureus).
Espece autrefois considérée comme rare en France
et en Suisse, elle semble en expansion dans la région
depuis quelques années comme le suggerent les récentes
observations (Blanc and Rochet 2024).

*2 Athous emaciatus Candéze, 1860
Fig. 2B

Matériel examiné. 3 ex., Beaumond (74), 17.V1.1982,
leg. Besuchet C., coll. Blanc M.; 1 ex., Saxel (74),
05.X.2006, leg. & coll. Blanc M.

Données publiées. Leseigneur et al. (2015).

Commentaire. L’adulte se rencontre principalement
sur les sapins, parfois les ¢épicéas ou les saules,
exclusivement dans les foréts de montagne entre 1000
et 1800 m. Espéce connue uniquement de France, Suisse
et Italie, ou elle est largement répandue. Sa distribution
dans le bassin genevois reste a préciser mais elle y semble
toutefois localisée. A rechercher dans les foréts froides et
humides d’altitude.

*3 Athous tomentosus Mulsant & Guillebeau, 1855
Fig. 2C

Matériel examiné. Plusicurs ex. des Parcs Bernasconi et
Navazza (GE), VI-VIL.2005, leg. & coll. Calmont B.; 1
ex. Laconnex (GE), 02.V1.2022, leg. Pétremand G., coll.
Chittaro Y.
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Table 1. Especes de valeur patrimoniale présentes dans le bassin genevois liées a des structures foresti¢res primaires (Eckelt et al.

2018), figurant sur la liste rouge européenne (Calix et al. 2018) ou sur celle de la région Auvergne-Rhone-Alpes " AURA " (Dodelin

and Calmont 2021) avec degré de menace : NT = potentiellement menacé, VU = vulnérable, EN = en danger, CR = en danger cri-

tique d’extinction, et/ou ayant un indice patrimonial tres élevé : 3 — 4 en France (Bouget et al. 2019) et 4 — 7 en Suisse (Sanchez et

al. 2016). Espéces par ordre alphabétique des familles puis des espéces.

Espéece Liée a des structures Liste rouge Liste rouge Indice patri- Indice patri-
forestiéres primaires (Europe) AURA monial FR * monial CH **

Cerophytidae
Cerophytum elateroides (Latreille, 1804) X VU VU 3 6
Elateridae
Ampedus brunnicornis Germar, 1844 X VU VU 3 6
Ampedus cardinalis (Schigdte, 1865) X NT NT 3 7
Ampedus cinnabarinus (Eschscholtz, 1829) VU 3 5
Ampedus elegantulus (Schonherr, 1817) X EN 3 6
Ampedus elongatulus (Fabricius, 1787) NT NT 4
Ampedus erythrogonus (P.W.J. Muller, 1821) NT 4
Ampedus nigerrimus (Lacordaire, 1835) NT NT 4
Ampedus nigroflavus (Goeze, 1777) NT 3 6
Ampedus pomonae (Stephens, 1830) VU 3 4
Ampedus praeustus (Fabricius, 1792) NT 3 4
Ampedus rufipennis (Stephens, 1830) NT 5
Ampedus sanguinolentus (Schrank, 1776) NT 4
Ampedus scrofa Germar, 1844 NT 4
Ampedus sinuatus Germar, 1844 VU 3 4
Brachygonus bouyoni (Chassain, 1992) NT EN 3 7
Brachygonus campadellii Platia & Gudenzi NT
Brachygonus dubius (Plata & Cate, 1990) X VU 4 7
Brachygonus megerlei (Lacordaire in Boisduval & NT NT 4
Lacordaire, 1835)
Brachygonus ruficeps (Mulsant & Guillebeau, 1855) X NT VU 6
Calambus bipustulatus (Linnaeus, 1767) 4
Cardiophorus gramineus (Scopoli, 1763) X NT NT 3 5
Crepidophorus mutilatus (Rosenhauer, 1847) X NT CR 4 7
Danosoma fasciata Linnaeus, 1758 VU 3 4
Denticollis rubens Piller & Mitterpacher, 1783 NT 4
Drapetes mordelloides Host, 1789 NT 3 4
Elater ferrugineus (Linnaeus, 1758) X NT VU 3 6
Hypoganus inunctus (Lacordaire, 1835) 4
Ischnodes sanguinicollis (Panzer, 1793) X VU VU 3 6
Lacon querceus (Herbst, 1784) X NT EN 3 7
Megapenthes lugens (Redtenbacher, 1842) X NT EN 3 7
Podeonius acuticornis (Germar, 1823) X EN EN 3 7
Porthmidius austriacus (Schrank, 1781) CR 3 6
Procaerus tibialis (Lacordaire in Boisduval & NT 3 6
Lacordaire, 1835)
Stenagostus rhombeus (Olivier, 1790) 4
Eucnemidae
Dromaeolus barnabita (A. Villa & J.B. Villa, 1838) 4
Nematodes filum (Fabricius, 1801) X VU 3
Hylis cariniceps (Reitter, 1902) 4
Hylis olexai (Palm, 1955) 4
Hylis simonae (Olexa, 1970) NT NT 5
Isorhipis melasoides (Laporte de Castelnau, 1835) 5
Microrhagus emyi (Rouget, 1856) 3 4
Microrhagus pygmaeus (Fabricius, 1792) 4
Microrhagus pyrenaeus Bonvouloir, 1872 X NT EN 3 6

Données publiées. Chittaro and Blanc (2012).

Commentaire. Espéce se rencontrant sous les arbres
ou les males se tiennent contre les tiges ou sur les feuilles
des graminées a la recherche des femelles. L’espéce se
situe en limite d’aire de distribution et fut considérée
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auparavant comme endémique de la France centrale et
d’une partie du Sud-Est (Platia 1994; Leseigneur et al.
2015). Connue également du canton de Vaud (Gland et
Prangins), a quelques centaines de meétres de la limite
du bassin genevois (leg. S. Breitenmoser). La donnée
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de 2022 provient d’un piégeage de tente malaise
placée dans une parcelle agricole jouxtant un étang en
réserve naturelle.

*4 Crepidophorus mutilatus (Rosenhauer, 1847)
Fig. 2D

Matériel examiné. 1 ex., Collonge (GE), 22.VI.1980,
leg. Besuchet C., coll. MHNG; 1 ex., ex larva, Collonge-
Bellerive (GE), 15.1V.2010, leg. & coll. Blanc M.; 1 ex.,
Gaillard (74), 08.X1.2012, leg. & coll. Chittaro Y.; 1 ex.,
Gaillard (74), 13.IV.2018, leg. & coll. Blanc M.; 2 ex.,
Saint-Julien-en-Genevois (74), 20.VIL.2019, leg. & coll.
Blanc M.; 1 ex., Gaillard (74), 20.IX.2019, leg. & coll.
Blanc M.; 1 ex., Chens-sur-Léman (74), 01.11.2020, leg. &
coll. Blanc M.; 1 ex., Chens-sur-Léman (74), 29.V1.2020,
leg. & coll. Blanc M.; 1 ex., Chens-sur-Léman (74),
01.VIIL.2020, leg. & coll. Blanc M.

Données publiées. Chittaro and Blanc (2012);
Leseigneur et al. (2015); Chittaro and Sanchez (2017);
Blanc and Rochet (2024).

Commentaire. Espéce discréte dont 1’observation
des adultes est aléatoire, méme dans ses habitats de
prédilection. Les larves colonisent différentes essences
de feuillus dont le chéne, mais elles semblent avoir une
préférence marquée pour les vieux peupliers cariés encore
en vie, situés dans les milieux humides et les cordons
alluviaux. L’espece se développe dans les cavités hautes
ou basses, dans le bois humide et vermoulu, au contact
de Coléopteres de la sous-famille des Cossoninae et de
fourmis du genre Lasius. Elle est souvent accompagnée
d’Ischnodes sanguinicollis, de Cerophytum elateroides
et parfois de Nematodes filum. L’examen systématique
des vieux feuillus cariés aux abords de ruisseaux ou en
milieux humides devrait permettre d’élargir encore sa
répartition dans la région.

*S Ampedus cardinalis (Schiédte, 1865)
Fig. 2E

Matériel examiné. 1 ex., Vandceuvres (GE), V.1990,
leg. Besuchet C., coll. MHNG; 1 ex., Choully (GE),
13.IV.2017, leg. & coll. Chittaro Y.; 1 ex., Duillier (VD),
15.V.2017, leg. & coll. Breitenmoser S.; 1 ex., Céligny
(GE), 26.V.2018, leg. & coll. Breitenmoser S.; 1 ex.,
Cologny (GE), 18.V1.2018, leg. & coll. Blanc M.; 2 ex.,
Douvaine (74), 22.111.2022, leg. & coll. Blanc, M.; 6 ex.,
Nernier (74), 22.111.2022, leg. & coll. Blanc M.; 1 ex.,
Nernier (74), 12.V1.2022, leg. & coll. Blanc M.; 1 ex.,
Nernier (74), 18.V1.2022, leg. & coll. Blanc M.; 1 ex.,
Versoix (GE), 15.V1.2023, leg. & coll. Chittaro Y.

Données publiées. Chittaro and Blanc (2012);
Breitenmoser (2017, 2022).

Commentaire. Espéce autrefois rarissime dans le
bassin genevois, elle semble étendre sa répartition depuis
quelques années. Elle s’observe dans la carie rouge
pulvérulente des cavités ou des troncs pourrissant au sol
des vieux chénes, de préférence en lisiére bien exposée au

soleil. Considérés comme crépusculaires par Leseigneur
et al. (2015), les adultes sont également actifs de jour sur
les troncs.

*6 Ampedus elegantulus (Schoherr, 1817)
Fig. 2F

Matériel examiné. 2 ex., Etrembiéres (74), 24.1V.2012,
leg. & coll. Blanc M.; 1 ex., Veyrier (GE), 11.111.2014,
leg. & coll. Blanc M.; 3 ex., Versoix (GE), 31.111.2023,
leg. & coll. Chittaro Y., Cosandey V. & Breitenmoser S.

Données publiées. Blanc (2014a); Leseigneur et al.
(2015).

Commentaire. Espéce colonisant les troncs morts et
vermoulus des chénes, saules, hétres, aulnes et peupliers,
de préférence dans des habitats humides, a proximité d’un
ruisseau, d’une riviere ou d’un étang. L’ensemble des
observations faites dans le bassin genevois correspond
a ces types de milieux. Probablement plus répandu qu’il
n’y parait dans la région, mais localisé et sporadique.

*7 Ampedus nigroflavus (Goeze, 1777)
Fig. 2G

Matériel examiné. 1 ex., Etrembiéres (74), 24.V1.2012,
leg. & coll. Blanc M.

Données publiées. Blanc (2014a); Leseigneur et al.
(2015).

Commentaire. Espéce rare et sporadique, connue
d’une seule donnée pour le bassin genevois (Blanc
2014a), ou elle fiit observée dans la carie rouge et humide
d’un tronc pourri de merisier au sol, le long d’une lisi¢re
foresti¢re proche d’une riviere.

*8 Ampedus sinuatus Germar, 1844
Fig. 2H

Matériel examiné. 1 ex., Chéserex (VD), 10.V.2014, leg.
& coll. Breitenmoser S.; 1 ex., Gingins (VD), 20.V.2014,
leg. & coll. Breitenmoser S.; 1 ex., Gingins (VD), 11-26.
IV.2015, leg. & coll. Breitenmoser S.; 1 ex., Trélex (VD),
26.IV-12.V.2015, leg. & coll. Breitenmoser S.; 1 ex.,
Trélex (VD), 12-29.V.2015, leg. & coll. Breitenmoser
S.; 1 ex., Gingins (VD), 6.IV.-1.V.2018, leg. & coll.
Breitenmoser S.

Données publiées. Leseigneur et al. (2015).

Commentaire. Largement répandue en Suisse sur le
Plateau et en Valais, elle semble en expansion depuis le
début des années 2000. En France, cette espece est rare
et localisée (Leseigneur et al. 2015). Elle est connue
de longue date de la région de Léaz (01), a quelques
kilometres du bassin genevois et il est probable qu’elle
soit présente en Haute-Savoie. Dans le bassin genevois,
elle a été capturée par battage ou au pie¢ge d’interception
en lisiere de chénaies et de pinedes. L’espéce parait
inféodée au bois sec en décomposition de feuillus et de
pins, en situation thermophile sur versant sec et orienté au
sud de préférence (Dodelin B. comm. pers.).
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*9 Brachygonus campadellii Platia & Gudenzi, 2000
Fig. 21

Matériel examiné. 1 ex., Prévessin-Moéns (01),
16.1V.2018, leg. & coll. Blanc M.; 2 ex., Cologny (GE),
27.V1.2018, leg. & coll. Blanc M.

Commentaire. Espéce récemment décrite par Platia
and Gudenzi (2000) dont la répartition reste a préciser.
Citée du sapin, du chéne, du fréne et du chataignier par
Delnatte et al. (2011), I’espece a été capturée au picge
d’interception dans un alignement de vieux chénes
sénescents, ainsi que dans un vieux saule mort carié
abattu.

*10 Podeonius acuticornis (Germar, 1824)
Fig. 2J

Matériel examiné. 1 ex., Versoix (GE), 08.1.1989, leg.
Vit S., coll. MHNG; 2 ex., Cologny (GE), 18.X.2007,
leg. & coll. Blanc M.; 1 ex., Cologny (GE), 17.1X.2008,
leg. & coll. Morin C.; 1 ex., Pregny-Chambésy (GE),
15.1V.2009, leg. & coll. Blanc M.; 1 ex., Vandceuvres
(GE), 28.1V.2011, leg. & coll. Blanc M.; 1 ex., Veyrier
(GE), 27.111.2015, leg. & coll. Blanc M.; 2 ex., Sciez
(74),1V.2016, leg. & coll. Blanc, M.; 3 ex., Versoix (GE),
14.111.2018, leg. & coll. Blanc M.; 1 ex., Chéne-Bougerie
(GE), 07.1V.2018, leg. & coll. Blanc M.; 6 ex., Versoix
(GE), 07.1V.2018, leg. & coll. Blanc M.; 2 ex., Anthy-
sur-Léman (74), 21.1V.2018, leg. & coll. Blanc M.; 1 ex.,
Versoix (GE), 23.1V.2018, leg. & coll. Blanc M.; 1 ex.,
Savigny (74), 24.1V.2018, leg. & coll. Blanc M.; 3 ex.,
Versoix (GE), 29.1V.2018, leg. & coll. Blanc M.; 2 ex.,
Chéne-Bougerie (GE), 14.V.2018, leg. & coll. Blanc M.;
2 ex., Vandceuvres (GE), 14.V.2018, leg. & coll. Blanc
M.; 1 ex., Versoix (GE), 15.V.2018, leg. & coll. Blanc
M.; 1 ex., Vandeeuvres (GE), 11.V1.2018, leg. & coll.
Blanc M.; 3 ex., Chéne-Bougerie (GE), 19.X11.2018, leg.
& coll. Blanc M.; 1 ex., Versoix (GE), 26.V-17.V1.2023,
leg. & coll. Breitenmoser S.

Commentaire. Podeonius acuticornis s’observe plus
facilement en hiver et au printemps, en colonies denses,
dans la carie rouge cubique des chénes. Espéce pouvant
aussi s’observer dans la carie blanche des vieilles racines
de chénes, mais par individu isolé. Elle peut étre trouvée
par battage des branches de chénes et des arbustes
alentours. Espéce discréte considérée comme trés rare
en France et en Suisse, elle n’était que rarement citée du
bassin genevois avant 2011.

*11 Nematodes filum (Fabricius, 1801)
Fig. 2K

Matériel examiné. 1 ex., Etrembiéres (74), bois de
Vernaz, 02.V1.2013, leg. & coll. Blanc M.
Commentaire. L’espéce a été observée en loge dans
la carie humide d’un vieux peuplier creux rongé par les
Coléoptéres Curculionidae Cossoninae. A I’état adulte,
il est possible d’observer N. filum dans les cavités, sous
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les écorces, sur le feuillage des arbres ou déambulant sur
les troncs, surtout les peupliers, les saules, les charmes et
les hétres.

*12 Microrhagus pyrenaeus Bonvouloir, 1872
Fig. 2L

Matériel examiné. 1 ex., Vandceuvres (GE), VIII.1990,
leg. Besuchet C., coll. MHNG; 1 ex., Signy-Avenex
(VD), 2-13.VI1.2018, leg. & coll. Breitenmoser S.; 2 ex.,
Veigy-Foncenex (74), 02.VII1.2021, leg. & coll. Blanc M.

Données publiées. Breitenmoser (2022).

Commentaire. Cette espece se développe dans le bois
mort cari¢ (carie blanche) a un stade de décomposition
avancé de vieux feuillus, préférentiellement le chéne.
A Signy-Avenex, I’adulte a été capturé au piége
d’interception situ¢ dans une allée de chénes centenaires
sénescents, tandis qu’a Veigy-Foncenex, un couple
a émergé d’un élevage de petites branches mortes de
chéne. Considéré comme 1'un des Eucnemidae les plus
rares d’Europe (Brustel and Van Meer 2008 ; Chittaro
and Blanc 2012 ; Breitenmoser S. in Blanc and Rochet
2024), sa répartition a toutefois été précisée en France
ces derniéres années grace, notamment, a l’utilisation
de pieges d’interception. L’utilisation plus systématique
de ce type de piégeage devrait sans nul doute mettre
en lumiére de nouvelles localités prochainement.
A rechercher également sur les charmes (Saurat R.,
pers. comm).

Commentaires sur les especes non retenues

Les 13 especes suivantes ne doivent pas étre considérées
comme appartenant a la faune du bassin genevois, tout
du moins jusqu’a ce que de nouvelles données viennent
contredire notre position. Il s’agit soit d’espéces citées
uniquement de la littérature sans exemplaires vérifiables,
soit d’especes connues seulement de spécimens étiquetés
trés imprécisément ou dont la localité est a mettre en
doute. Dées 1993, Claude Besuchet a signalé I’inexactitude
des captures de Henri Tournier, Max Téschler et Charles
Maerky (Sanchez et al. 2016). Les exemplaires des
collections Georges Toumayeff, Jean Simonet et Jean
Steffen portant uniquement mention du jour et/ou du
mois de collecte (sans année) sont issus originellement
de la collection de Charles Maerky, mais réétalés et
réétiquetés, et ne doivent pas non plus étre considérés.
En outre, certaines localités annoncées sur les forums
entomologiques et malheureusement reprises comme telles
dans les bases de données francaises sont pour certaines
fausses ou imprécises. Par conséquent, ces données ont été
systématiquement considérées comme douteuses.

Agriotes litigiosus (Rossi, 1792)

Commentaire. Espéce des prairies seches et des champs
cultivés, elle est peu commune et localisée en Suisse,
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Figure 2. Habitus de spécimens capturés dans le bassin genevois de A. Lacon querceus; B. Athous emaciatus; C. Athous tomento-
sus; D. Crepidophorus mutilatus; E. Ampedus cardinalis; ¥. Ampedus elegantulus; G. Ampedus nigroflavus; H. Ampedus sinuatus;
L. Brachygonus campadellii; J. Podeonius acuticornis; K. Nematodes filum; L. Microrhagus pyrenaeus. Photos: Christina Leh-
mann-Graber, sauf C: Stéve Breitenmoser et Christina Lehmann-Graber

10 mm

| J

tout comme dans la région Auvergne-Rhone-Alpes N’ayant pas fait 1’objet d’observation tangible dans le
(Leseigneur et al. 2015). Il existe certes des spécimens  bassin genevois ou a proximité, 4. litigiosus a été écarté
en collection, mais tous appartiennent a des collections  jusqu’a ce que de nouvelles données viennent confirmer
problématiques et ne sont donc pas pris en considération.  sa présence dans la région.
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Lacon punctatus (Herbst, 1779)

Données publiées. Annemasse (74), Cruseilles (74),
Crevin (GE) (Leseigneur et al. 2015).

Commentaire. Espéce trés thermophile dont les
données fiables les plus proches du bassin genevois se
situent dans la Dréme en France. Nous considérons la
donnée de Cruseilles comme douteuse et a mettre sur
le compte dune capture accidentelle ou d’une erreur
d’étiquetage. Les autres données reprises dans la littérature
(Leseigneur et al. 2015) sont issues de la collection Maerky.

Cardiophorus asellus Erichson, 1840

Données publiées. Thoiry (01) (Leseigneur et al. 2015).

Commentaire. L'unique mention de C. asellus dans
le bassin genevois provient de la collection Maerky
(MHNG), considérée comme douteuse. L’espéce n’est
connue que du Valais en Suisse et prés d’Annecy en
Haute-Savoie.

Cardiophorus biguttatus (Olivier, 1790)

Données publiées. Grand Saleve (74) (Leseigneur et al.
2015).

Commentaire. Donnée issue d’un spécimen de la
collection Maerky, réétiqueté par Simonet. Elle se situe
trés loin de sa distribution méridionale (Leseigneur 1972).

Stenagostus rufus (De Geer, 1774)

Données publiées. Petit Saléve (74) (Leseigneur et
al. 2015).

Commentaire. Donnée issue de la collection Maerky
(MHNG). Espéce trés thermophile liée au pin, peu
probable dans la région.

Anostirus sulphuripennis (Germar, 1843)

Données publiées. Saléve (74) (Leseigneur et al. 2015).
Commentaire. Un spécimen étiqueté " Saleéve " dans la

collection Zehr (MHNG). Nous considérons cette donnée

comme douteuse dans I’attente d 'une confirmation ultérieure.

Liotrichus affinis (Paykull, 1800)

Données publiées. Geneve (GE) (Stierlin 1898); Gaillard
(74) (Leseigneur et al. 2015).

Commentaire. La donnée de Gaillard est issue de la
collection Maerky (MHNG). La citation de Stierlin, dans
le canton de Genéve, nous parait douteuse pour cette
espece boréo-alpine.

Selatosomus confluens (Gebler, 1830) ssp. rugosus
(Germar, 1836)

Données publiées. Etrembicres (74) (Leseigneur et al.
2015).
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Commentaire. Les deux données de Etrembicres
sont issues de la collection Maerky. Espéce de 1’étage
alpin, rarement présente en dessous de 2000 m, donc peu
probable dans le périmétre du bassin genevois.

Selatosomus cruciatus (Linnaeus, 1758)

Données publiées. Genéve (GE) (Stierlin and Gautard
1867); Etrembicres (74), Thoiry (01) (Leseigneur et
al. 2015).

Commentaire Données issues des collections Tournier
et Maerky (MHNG) ou dont la donnée de littérature n’est
pas attestée de spécimens de référence. Espece rare et
localisée, liée aux terrains sablonneux et humides, surtout
dans les vieilles futaies. Peu probable dans le périmétre
du bassin genevois.

Selatosomus melancholicus (Fabricius, 1798)

Données publiées. Reculet (01), Thoiry (74) (Leseigneur
etal. 2015).

Commentaire. Données issues de la collection
Maerky (MHNG). Espéce de 1’étage alpin, peu probable
dans le périmétre du bassin genevois.

Ampedus nemoralis Bouwer, 1980

Commentaire. Bien que réhabilitée par Leseigneur et
al. (2015), les derniers travaux génétiques sur le genre
Ampedus (Rougerie et al. 2015; Vuataz et al. 2019) n’ont
pas démontré la validité de cette espeéce. Nous considérons
donc qu’il s’agit d’une simple variété d’A. pomorum.

Melanotus crassicollis (Erichson, 1841)

Données publiées. Crevin (GE) (Leseigneur et al. 2015).

Commentaire. Donnée issue de la collection Maerky
(MHNG), et spécimen réétiqueté par Simonet. Espéce des
régions chaudes — présente notamment en Valais (CH) —
peu probable dans le bassin genevois.

Melanotus tenebrosus (Erichson, 1841)

Données publiées. Saléve (74) (Leseigneur et al. 2015).

Commentaire. Connu d’un spécimen du Saléve
dans la collection Milliat déposé au Muséum d’histoire
naturelle de Lille (MHNL). Au regard de la répartition
plutot méridionale de cette espéce, qui préfere les milieux
secs et bien ensoleillés (Leseigneur 1972; Leseigneur et
al. 2015), nous considérons cette donnée comme douteuse
dans I’attente d’une éventuelle confirmation future.

Commentaires sur les especes potentiellement
présentes

Les 9 espéces suivantes n’ont pas encore €té observées dans
le bassin genevois, mais leur présence attestée a proximité
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ou leurs préférences en maticre d’habitats, nous laisse
entrevoir leur potentielle découverte dans un futur proche.

1) Anostirus castaneus (Linnaeus, 1758)

Données publiées. Thoiry (01) (Leseigneur et al. 2015).
Commentaire. La seule donnée connue est issue de la
collection Maerky (MHNG), mais 4. castaneus est bien
répandu sur le plateau suisse, de Lausanne a Schaffhouse.
Sa présence est donc tout a fait envisageable dans des
biotopes sablonneux a 1’extréme sud du canton de Vaud.

2) Aplotarsus angustulus (Kiesenwetter, 1858)

Données publiées. Saleve (74) (Leseigneur et al. 2015).

Commentaire. La donnée reprise par Leseigneur et
al. (2015) correspond a un exemplaire de la collection
Maerky, réétiqueté et repréparé par Simonet. L’espéce est
trés rare en Suisse comme en France, avec toutefois des
données fiables sur le Saléve mais en limite du périmétre
du bassin genevois. Sa présence est donc trés probable
dans les massifs montagneux de la région.

3) Agriotes sordidus (1lliger, 1807)

Commentaire. A. sordidus est connu en Europe
centrale et réparti sur quasiment I’ensemble du territoire
métropolitain francais (Furlan 2004; Thibord et al. 2017;
GBIF.org 2023). L’espéce est mentionnée sur la liste suisse
des Elateridae (Chittaro and Blanc 2012) mais basée sur
une unique et ancienne mention au centre du canton
de Vaud qui peut paraitre quelque peu douteuse. Sur la
base de sa distribution en France, I’espéce est toutefois
potentielle pour le bassin genevois. Elle peut engendrer
des dégats aux cultures de pommes de terre en particulier,
ceux-ci sont occasionnés par les larves (vers fil de fer).
Elle a un cycle larvaire plus court que les espeéces connues
causant les mémes problémes agronomiques telles que A.
lineatus, A. obscurus et A. sputator (Jossi et al. 2008).

4) Ampedus balteatus (Linnaeus, 1758)

Commentaire. Annoncé du col de Saxel (74) par
Morin C. (comm. pers.), le spécimen n’a pu étre vérifié.
Nous considérons également les spécimens genevois
de la collection Tournier (MHNG) comme douteux.
La présence de 1’espéce est toutefois possible dans les
grandes foréts de montagne du bassin genevois. Elle est
notamment présente dans 1’ouest du Jura vaudois.

5) Ampedus melanurus Mulsant & Guillebeau, 1855

Commentaire. Cette espece forestiére n’est actuellement
pas recensée dans la région, mais de nombreuses
données attestent sa présence a proximité, dans la chaine
jurassienne (Leseigneur et al. 2015). Sa découverte reste
possible dans les vieilles pinédes situées au sud du massif
jurassien. Elle est a rechercher sur les troncs, sous les

écorces ou dans la carie rouge et humide des résineux
au sol.

6) Ampedus nigrinus (Herbst, 1784)

Données publiées. Leseigneur et al. (2015).

Commentaire. La donnée de Maerky (MHNGQG) citée
par Leseigneur et al. (2015) est a exclure. Récemment
observée en limite du périmétre régional (plusieurs
exemplaires capturés dans les hétraies-sapinicres du Jura
vaudois en 2020, leg. Breitenmoser S.), cette espéce rare
et localisée est trés certainement présente dans les foréts
de coniféres de montagne du bassin genevois.

7) Hypnoidus riparius (Fabricius, 1792)

Données publiées. Leseigneur (1972).

Commentaire. Bien qu’un exemplaire de la collection
Tournier (sans date) soit conservé au Muséum de
Paris, cette donnée est sujette a caution. Connue du
col du Crozet, du c6té de la commune de Lelex (01) et
anciennement dans 1’est du Jura vaudois, I’espéce est
certainement présente du c6té du bassin genevois, le long
des cours d’eau de la chaine jurassienne.

8) Zorochros pumilio (Kiesenwetter, 1858)

Données publiées. Leseigneur et al. (2015).
Commentaire. Zorochros pumilio estcité par Leseigneur
et al. (2015) sur une capture unique et ancienne de Jacques
Bitsch a Thonon-les-Bains (74), dont nous n’avons pu
voir le spécimen. Z. pumilio n’est pas connue de Suisse, ni
d’aucune autre station du bassin genevois ou a proximité.
En I’absence de donnée récente, nous considérons cette
espéce comme potentielle pour la région, jusqu’a ce que
de nouvelles observations viennent confirmer sa présence.

9) Trixagus exul (Bonvouloir, 1859)

Commentaire. Famille souvent délaissée par les
entomologistes, la répartition générale des Throscidae
demeure tres lacunaire. Trixagus exul est connu en Isére
et en région Lyonnaise, mais son identification est délicate
et il peut étre confondu avec d’autres espéces du genre.

Discussion

Aprés révision, 126 especes (1 Cerophytidae, 102
Elateridae, 14 Eucnemidae et 9 Throscidae) sont
considérées comme faisant partie de la faune du bassin
genevois. En comparant ces résultats avec ceux de Suisse
(Table 2), il ressort que la diversité des espéces du bassin
genevois est particuliérement élevée avec prés de 70% de
la faune helvétique. Le résultat est de 45% par rapport a
la diversité des espéces de France continentale, mais reste
tout de méme élevé sachant qu’il y a un pourcentage non
négligeable d’especes se limitant a la partie méridionale
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Table 2. Nombre d’especes connues dans le bassin genevois, en France, en Suisse et dans les différents départements et cantons du
bassin genevois pour les quatre familles traitées, selon I'INPN (consulté le 25/08/2023), info fauna (consulté le 25/08/2023) et le
présent travail. A noter que Ampedus nemoralis Bouwer, 1980 est ici considéré comme une simple variété d’A. pomorum (Herbst,

1784), contrairement aux autres syntheses.

Pays / Zone géographique Cerophytidae Elateridae Eucnemidae Throscidae Total
France 1 237 23 15 276
Suisse 1 154 17 9 181
Ain 1 116 12 6 135
Haute-Savoie 1 122 14 7 144
Canton de Geneve 1 90 13 8 112
Canton de Vaud 1 121 12 8 142
Bassin genevois 1 102 14 9 126

du pays. On remarque que plus de 86% des especes
connues de Haute-Savoie, 92% de 1’ Ain et 88% du canton
de Vaud sont présentes dans le périmetre d’étude, alors
que celui-ci ne s’étend que sur une petite partie de chacun
de ces territoires.

La grande richesse de ces quatre familles au sein
du bassin genevois peut s’expliquer notamment
par le contexte biogéographique. En effet, le bassin
genevois est une porte d’entrée vers le sud de la vallée
du Rhone et se situe a la croisée des différentes zones
biogéographiques que sont le Plateau, les Alpes et le Jura,
et présente une grande amplitude altitudinale allant de
372 a 1720 m. La grande diversité des milieux ouverts
(cours d’eau et étangs, prairies, cultures annuelles ou
pérennes) et forestiers (chénaies a charmes, ripisylves,
hétraies, hétraies-sapinicres, pessieres, pinedes [Pasche
et al. 2016; Bréndli et al. 2020]), en ajoutant encore les
nombreux arbres isolés (prés de 250 000 répertoriés juste
pour le canton de Genéve [Guinaudeau 2016]) contribue
également a expliquer la diversité des espéces recensées.
Cette richesse ¢élevée en flore ou en faune pour une petite
surface territoriale que représente le bassin genevois est
également rapporté dans la littérature (e.g. von Arx 1985;
Pétremand et al. 2022; Blanc and Rochet 2024).

Plusieurs espéces sont ici citées pour la premiére fois
de cantons suisses ou de départements francais du bassin
genevois :

- nouveaux pour la Haute-Savoie : Microrhagus
pyrenaeus, Ampedus  brunnicornis, Ampedus
cardinalis, Ischnodes sanguinicollis, Cardiophorus
gramineus;

- nouveau pour le bassin genevois : Ampedus
sinuatus;

- nouveau pour le canton de Geneéve et le bassin
genevois : Hylis simonae;

- nouveau pour le canton de Genéve et la Suisse:
Brachygonus campadellii.

Des espéces rares, discrétes et/ou d’identification mal
aisée, viendront sans doute compléter la liste dans un futur
proche (cf. Commentaires sur les espéces potentiellement
présentes). Plusieurs espéces et/ou observations reportées
dans les catalogues régionaux et dans les bases de
données ont été écartées, la plupart du temps en raison
d’informations erronées, douteuses ou par simple erreur
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d’identification. Comme souvent, la répartition des
espeéces considérées comme communes reste a préciser.

D’apres le relief du bassin genevois, les espéces de plaine
demeurent logiquement majoritaires. Celles des étages
montagnard et subalpin (ce dernier étant tout juste atteint
dans les versants nord du jura) sont bien moins connues et
inventoriées, mais notons toutefois la présence de quelques
especes d’intérét patrimonial (Table 1) telles que Ampedus
erythrogonus, Ampedus scrofa, Danosoma fasciata et
Denticollis rubens. Ajoutons également Athous zebei et
A. emaciatus, liés aux coniferes d’altitude et présents dans
la partie haut-savoyarde du bassin genevois. D’autre part,
les espéces potentielles suivantes sont a rechercher ou a
confirmer ces prochaines années : Aplotarsus angustulus,
Ampedus balteatus et A. nigrinus, toutes trois se trouvant
proches de la dition. Malgré ces quelques exemples, un
important effort d’échantillonnage doit étre entrepris dans
tous les milieux (incluant les prairies et paturages secs,
les marais, les tourbicres et les plages de torrents et de
riviéres), de maniére a mettre en évidence les relations entre
especes et milieux d’intéréts, et d’agir de concert avec les
autorités pour limiter leur érosion. En effet, par le passé
certains massifs forestiers ont subi un vaste remaniement
de leur végétation par des coupes rases et par la plantation
d’essences exogenes, telle que le sapin de Douglas, en lieu
et place des essences indigenes (e.g. Tschopp et al. 2015).
En outre, certaines hétraies pures ont été remplacées par des
monocultures de résineux (Auge 2003; IGN 2012). Dans
certaines zones, 1’abandon progressif du sylvopastoralisme
traditionnel a également euunimpactsurle cortége de plantes
sauvages des prairies, et donc aussi sur celui des especes
phytophages et rhizophages associées. Par ailleurs, avec
les changements climatiques, notamment les températures
plus élevées et I’intensification des sécheresses estivales, les
massifs forestiers vont évoluer (e.g. DGE-FORET 2022),
ce qui impliquera également une adaptation de la faune y
compris pour ces quatre familles de coléopteres.

Si les Elateridae, appelés aussi taupins, sont
davantage connus ou médiatisés pour leur problématique
phytosanitaire, qui rappelons-le concerne moins de dix
especes principalement du genre Agriotes (Jossi et al.
2008; Thibord et al. 2017; Naqqgash 2023), un nombre
bien plus important d’espéces sont de haute valeur
patrimoniale. Celles-ci sont rares, exigeantes envers la
qualité de leur habitat et/ou inscrites sur liste rouge et
sont donc importantes du point de vue conservatoire.
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Conclusion et perspectives

Ce travail dresse une premicre synthése de ’état actuel de
nos connaissances pour ces quatre familles dans le bassin
genevois. Elles feront1’objet de recherches supplémentaires
et spécifiques ces prochaines années, notamment dans le
cadre de la publication future d’un atlas et d’une liste rouge
régionale. Les résultats reflétent la grande richesse de ce
petit territoire pour les familles étudiées et I’importance de
conserver des habitats diversifiés de qualité pour préserver
cette biodiversité locale.
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Abstract

A new osmiine bee species, Hoplitis (Hoplitis) onosmaevae sp. nov. (Megachilidae), is described. So far, this species is exclusively
known from the Mercantour National Park in the southwestern French Alps and from mountainous ranges in Turkey and northern
Iraq, two areas separated by at least 2000 km. Phylogenetic analyses based on mitochondrial and nuclear genes revealed that H. on-
osmaevae is closely related to H. adunca (Panzer, 1798), H. benoisti (Alfken, 1935) and H. manicata (Morice, 1901). Hoplitis onos-
maevae is presumably narrowly oligolectic and harvests pollen only on flowers of Onosma L. (Boraginaceae). It has a particularly
long proboscis, which is probably an adaptation to collect nectar from the long-tubed flowers of this plant genus. The females collect
pollen by buzzing the Onosma flowers, a rare behavior in megachilid bees. The species nests in insect burrows in dead wood, similar
to H. adunca and H. manicata but unlike other closely related representatives of the subgenus Hoplitis, suggesting a single origin of
nesting in dead wood and hollow stems in this lineage. In France, H. onosmaevae inhabits alpine steppe-like habitats close to forests
and appears to be extremely local, since only two populations are currently known. The conservation status of this extremely rare
bee species in Europe is discussed.

Résumé

Une nouvelle espece d’abeille appartenant a la tribu des Osmiini, Hoplitis onosmaevae sp. nov. (Megachilidae), est décrite. Elle est
a ce jour connue du Parc national du Mercantour dans le Sud des Alpes frangaises et de zones montagneuses de Turquie et du Nord
de I’Irak, deux aires distantes de plus de 2000 km. Des analyses phylogénétiques de génes mitochondriaux et nucléaires indiquent
que cette nouvelle espéce est apparentée a H. adunca (Panzer, 1798), H. benoisti (Altken, 1935) et H. manicata (Morice, 1901).
Hoplitis onosmaevae est certainement oligolectique, spécialisée pour la récolte du pollen sur les fleurs d’Onosma L (Boraginaceae).
Elle est caractérisée notamment par un proboscis trés allongé, qui est probablement une adaptation a la collecte du nectar dans
les fleurs de ce genre botanique. Les femelles en exploitent le pollen en les faisant vibrer («buzzing»), comportement rare au sein
de la famille des Megachilidae. Il a été observé que cette nouvelle espéce nidifie dans des galeries existantes dans le bois mort, a
I’instar de H. adunca et de H. manicata, mais contrairement a d’autres représentants du sous-genre Hoplitis, ce qui suggere une
origine unique de I’emploi du bois mort et des tiges creuses en tant que substrat de nidification au sein de ce groupe. En France,
H. onosmaevae semble extrémement localisée : elle n’a été trouvée que sur deux stations, correspondant a des habitats d’altitude
d’affinité steppique, non loin de boisements. Son statut de conservation en Europe est discuté.

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

Hoplitis Klug, 1807 is the most diverse genus of the bee
tribe Osmiini (Megachilidae) with 389 described species,
about 80% of which occur in the Palaearctic (Miiller
2023a). Fourteen subgenera of Hoplitis are currently
recognized (Praz et al. 2008; Sedivy et al. 2013c; Miiller
2023a) and nearly 60% of the described species belong
to Hoplitis (Alcidamea) Cresson, 1864, Hoplitis (Anthoc-
opa) Lepeletier & Serville, 1825 and Hoplitis (Hoplitis)
Klug, 1807. The nominal subgenus, which is restricted to
the Palaearctic and whose type species is the widespread
and common H. adunca (Panzer, 1798), is the largest,
with 93 described species. The representatives of the sub-
genus Hoplitis can be classified into six species groups,
of which four correspond to former subgenera (Michener
2007): the adunca (Hoplitis s. str.), the annulata (Ann-
osmia Warncke, 1991), the erythrogastra (Bytinskia
Mavromoustakis, 1954) and the persica (Coloplitis Gris-
wold, 1998) groups. The two additional species groups
are the bassana and the monstrabilis groups (Sedivy et
al. 2013c). While several new Hoplitis (Hoplitis) species
have recently been described from Europe and Morocco
(Miiller 2012, 2016, 2022), more than 50 species belong-
ing to this subgenus, mainly from Turkey, the Levant and
Central Asia, remain undescribed (Miiller 2023b).
Species of the subgenus Hoplitis are mostly oligolectic
or mesolectic and collect the pollen either only on Bor-
aginaceae or Fabaceae or on both of them. The pattern
of frequent transitions between the exploitation of these
two plant families among related species and the frequent
exploitation of both families by the same species has
been referred to as the “Boraginaceae-Fabaceae paradox™
(Sedivy et al. 2013a). Within the Boraginaceae, the ge-
nus Echium L. is exploited by many species, but some
species also collect the pollen from other genera, such
as Onosma L., Lithodora Grisebach or Heliotropium L.
Numerous species have particular morphological adapta-
tions for pollen collection, such as hooked bristles on the
proboscis or on the fore legs (Miiller 2012; Sedivy et al.
2013a). Regarding nesting biology, different behaviours
are found within this subgenus. Probably all species of
the annulata and monstrabilis groups nest in the ground
in self-excavated burrows (Rozen et al. 2009; Sedivy et
al. 2013b; Le Goff 2017; Fateryga et al. 2023; Miiller
2023b). Most species of the adunca group build their
nests exposed in shallow depressions of rocks and stones
or hidden within rock cavities and use sand as nesting
material, often combined with small pebbles and hard-
ened with salivary secretions, e.g. Hoplitis anthocopoides
(Schenck, 1853) or H. loti (Morawitz, 1867) (Sedivy et
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al. 2013b). Two species of the adunca group nest in insect
borings in dead wood or in hollow stems, in addition to
other preexisting cavities, and use sand to separate their
brood cells: H. adunca and H. manicata (Morice, 1901)
(Miiller 2023b; Sedivy et al. 2013b).

We describe here a new Hoplitis species of the adun-
ca group. This new species was detected during faunistic
inventories of the Mercantour National Park in the Alps
in southern France. Upon morphological comparison, the
French specimens were found to exactly correspond to
specimens of an undescribed species from southern Tur-
key. In the present publication, this new species is mor-
phologically diagnosed, its phylogenetic position within
the subgenus Hoplitis is explored using genetic analyses,
and its nesting biology and floral association are de-
scribed based on field observations in southern France
and microscopical analysis of pollen contained in the fe-
male scopae.

Material and methods

Abbreviations and symbols

FL1, FL2,... flagellar segment 1, flagellar segment 2...
(following scape and pedicel);

T1,T2,... first metasomal tergum, second metasomal
tergum...;

S1,S2,... first metasomal sternum, second metasomal
sternum...;

ETHZ Eidgenossische  Technische Hochschule
Zirich, Entomological collection, Switzer-
land;

MAC Private collection of Matthieu Aubert, Pégai-
rolles-de-Bueges, France;

MNHN Muséum national d’Histoire naturelle, Paris,
France;

NMPC National Museum (Natural History), Prague,
Czech Republic;

OLML Oberosterreichisches Landesmuseum, Linz,
Austria.

Material studied

The following material was examined for this study: 1.
males and females of the undescribed species from Mer-
cantour National Park, France, from southern and east-
ern Turkey and northern Iraq; 2. males and females of
Hoplitis holmboei (Mavromoustakis, 1948), H. homalo-
cera Zanden, 1991, and H. linguaria (Morawitz, 1875),
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which are Boraginaceae specialists and also possess a
very long proboscis (Sedivy et al. 2013a), that served for
comparison. As no specimens of a fourth Hoplitis species
with an extraordinarily long proboscis, H. semilinguaria
Tkalct, 1992 (known only in the female sex), could be
located neither in NMPC nor in OLML (Tkalct collec-
tion), where the types should be deposited according to
the original description, the comparison was performed
based on the original description.

Terminology

Morphological and anatomical terminology is based on
Michener (2007).

Equipment

Morphological examination of specimens was done with a
Perfex Sc 6.38 binocular (7% to 45% magnification). Mea-
surements were realized with a micrometric eyepiece. All
pictures of collected and prepared specimens were taken
with a Keyence VHX 1000 digital microscope. A reflex
body Nikon D7200 combined with a macro lens Nikkor
60 mm were used for field photographs.

Geographical informations

French collecting sites were georeferenced using a field
GPS. Turkish and Iraqi specimens were collected by dif-
ferent entomologists between 1968 and 2022 (see list of
paratypes below and Suppl. material 1 for details) and the
label information regarding the collecting sites is heter-
ogenous. In case the coordinates were not indicated on
the label, they were extrapolated from the locality data.
All coordinates are given in WGS 84. The distribution
map was generated using QGIS Desktop 3.28.3 and Au-
toNavi Satellite layer.

Microscopical pollen analysis

Pollen was removed from the metasomal scopa of five
females from France (one specimen) and three localities
in Turkey (four specimens) as well as from two brood
cells of a nest discovered in France, embedded in glycerol
gelatine on a slide and compared with reference slides
containing pollen of different Boraginaceae species and
genera under a microscope at 400x magnification.

Genetic analyses

For two individuals of the new species collected in Saint-
Dalmas-le-Selvage, France, in 2020 (see list of paratypes
below), we sequenced four gene fragments included in

the phylogenetic study of Sedivy et al. (2013c¢): the mi-
tochondrial gene cyfochrome oxidase I (COI) and three
nuclear genes conserved ATPase domain (CAD), elonga-
tion factor I-alpha (EF) and long-wavelength rhodopsin
(Opsin), using standard DNA sequencing protocols and
primers developed for bees or for Megachilidae (Praz et
al. 2008; Litman et al. 2011; Sedivy et al. 2013c). Genetic
distances were computed using the Kimura 2-parameter
(K2P) distance model in a test version of Paup 4.0 (Swof-
ford 2002) kindly provided by D. Swofford. The new
sequences have been deposited on Genbank (accession
numbers PP389027-PP389032) and BOLD (accession
numbers HYMAA896-24 and HYMAA®897-24). Single
gene analyses were performed using maximum Likeli-
hood in RAXML 8.2 (Stamatakis 2014), using a single
partition and a GTR + G model; the four genes were
then concatenated and analysed using RAXML. We im-
plemented two distinct partitioning schemes: first, with
four partitions, one per gene; and second, with seven par-
titions, three for the three nucleotide positions of COI,
three for the three nucleotide positions of the nuclear
genes, and one partition for the introns; in both cases, a
GTR + G model was fitted to each partition.

Results

Field work during summer 2018 in the Mercantour Nation-
al Park on flowers of Onosma tricerosperma subsp. fastigi-
ata (Braun-Blang.) G. Lopez, 1994 (Boraginaceae) by the
first author led to the capture of several Hoplitis specimens
of the adunca species group, which were characterized
by an extraordinarily long proboscis, a feature not known
from other French or Central European species. Upon clos-
er examination, these specimens were found to belong to
an undescribed species, which was already known from
southern Turkey. Other Hoplitis species with a very long
proboscis, such as H. holmboei from Cyprus, H. homaloc-
era from the Levant and H. linguaria from eastern Turkey
and the Caucasus, differed morphologically, as did H. semi-
linguaria from Iran based on the original description.

Genetic analyses

The two COI sequences obtained for the two French in-
dividuals of the new species were identical to each other.
Queries carried out with the identification tool of the BOLD
systems (www.boldsystems.org) suggested that the clos-
est relatives are Hoplitis adunca (89.86-90.48% identity),
H. benoisti (Alfken, 1935) (89.35-89.71%) and H. mani-
cata (85.68-86.42%). Based on COI, the genetic distances
between the new species and H. adunca, H. benoisti and
H. manicata were 10.98%, 11.05% and 14.9%, respectively.

Phylogenetic analyses of the concatenated, four-genes
dataset placed the new species in a strongly supported
clade (Bootstrap support, hereafter BS, 100%) that also
included H. adunca, H. benoisti and H. manicata (Fig. 1).
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Figure 1. Phylogenetic tree based on maximum likelihood analyses of sequence data of the mitochondrial gene COI and of the three

nuclear genes conserved ATPase domain (CAD), elongation factor 1-alpha (EF) and long-wavelength rhodopsin (Opsin). Numbers

above branches: statistical support based on 1000 bootstrap replicates (values below 50 are omitted) in the analysis with 4 partitions
(by gene); number below branches: support in analysis with 7 partitions (by codon position; a hyphen under a node indicates that
this node was not recovered in the analysis); the topology is from the analysis with 4 partitions.

Within this clade, the new species was sister to these three
species, although this relationship was only very weakly
supported (BS 59—70%). The new species, which is char-
acterized by a particularly long proboscis (see below),
was not closely related to two other long-tongued species,
H. holmboei and H. homalocera; there was no genetic
data available for H. linguaria and H. semilinguaria.

Taxonomy

Hoplitis (Hoplitis) onosmaevae Aubert, sp. nov.
https://zoobank.org/9DAASD35-8EC4-441F-8180-0A063BFBD30F
Figs 3-14, 16-21, 24

Type material. Holotype. FRANCE ¢ 9; Alpes-Mari-
times, Tinée Valley, Saint-Etienne-de-Tinée, across from
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Bousiéyas, southern slopes of L’Alpe Mountain (type
locality part of Mercantour National Park); 44.315°N,
6.859°E; 1985 m; 13.7.2018; Matthieu Aubert leg.; On-
osma stand; MNHN (inventory number: EY35781).
Paratypes. FRaANCE (22, 33) » 19, 13; same data as
for holotype; ETHZ (%) and MNHN (&) coll. (MNHN in-
ventory number: EY35831) * 1J'; Alpes-Maritimes, Tinée
Valley, Saint-Etienne-de-Tinée, across from Bousiéyas,
southern slopes of L’ Alpe Mountain; 44.319°N, 6.858°E;
1920 m; 13.7.2018; Matthieu Aubert leg.; Onosma stand;
ETHZ. « 19, 13; Alpes-Maritimes, Tinée Valley, Saint-
Dalmas-le-Selvage, vallon du torrent de Jalorgues, Boud-
en/Bouding; 44.272°N, 6.843°E; 1705 m; 23.6.2020;
Matthieu Aubert leg.; MAC. IraQ (13) * 1&'; Dahuk gov-
ernorate, Mt. Gara; 37.015833°N, 43.350556°E; 1912 m,
11.5.2023, D. Baiocchi leg.; D. Baiocchi coll. TURKEY
42, 63) * 1J; Bolu province, Bolu lake env.; 21.6.1993;
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Map created with QGIS 3.28.3 and AutoNavi Satellite layer background

Figure 2. Distribution map of Hoplitis onosmaevae sp. nov.

M. Halada leg.; ETHZ. « 2'; Antalya province, 4 km east
of Saklikent; 36°52.51'N, 30°30.954'E; approx. 1600 m;
30.5.2009; John S. Ascher, Jerome G. Rozen, Hikmet Oz-
bek leg.; ETHZ. * 19; Mersin province, Mersin district,
between Giilnar and Ermenek; 36°21.380'N, 33°18.841'E;
1075 m; 24.5.2006; Erwin Scheuchl leg.; ETHZ. « 19;
Mersin province, Mut district, Sertavul Pass; 36.812°N,
33.32°E; 1300 m; 7.6.1968; Josef Gusenleitner leg.;
ETHZ. « 19; Mersin province, Mut district, Kirobasi;
approx. 36.723°N, 33.900°E; 1450 m; 19.6.1997; Marek
Halada leg.; ETHZ. ¢ 19; Mersin province, Mut district,
40 km east of Cornelek; approx. 36.630°N, 33.866°E;
1700 m; 29.5.1996; Mi. Halada leg.; ETHZ. * 1J'; Mersin
province, Toroslar district, Yenikdy; 37.08°N, 34.41°E;
1200 m; 29.5.1993; Stephan Risch leg.; ETHZ. « 2J;
Bitlis province, Mount Nemrut, 36.626°N, 42.186°E;
2350 m; 25.5.1989; Klaus Warncke leg.; ETHZ.

See Suppl. material 1 for a complete list of records as
well as Fig. 2 for a distribution map.

Diagnosis. In most species of Hoplitis (Hoplitis),
the length of the proboscis is at most one-third as long
as the body. Only H. linguaria, H. holmboei, H. homa-
locera and H. semilinguaria have a longer proboscis,
which reaches about half of the body length. Hoplitis
onosmaevae possesses an even longer proboscis, which
is approximately as long as the body (Fig. 3). In both
sexes of H. holmboei and H. homalocera, the vertex is
comparatively short (ocelloccipital distance less than
two ocellar diameters) and, when seen in front view, not
elevated behind ocelli, but regularly rounded across its
width; in H. onosmaevae the vertex is longer (ocelloccip-
ital distance about three ocellar diameters) and is strongly
elevated behind ocelli (Figs 3, 4). Hoplitis onosmaevae
differs from H. linguaria in both sexes by the color of
the tegulae, which are reddish-orange in H. linguaria and
brown (although often reddish brown along the external
margin) in H. onosmaevae. In the female, H. onosmaevae

1: Saint-Dalmas-le-Selvage - Alpes-Maritimes - France

2: Golciik - Bolu - Turkey

3: Saklikent - Antalya - Turkey

4: Gulnar/Ermenek - Mersin - Turkey

5: Sertavul Pass - Mut - Turkey

6: Cornelek - Mut - Turkey
7: Kirobasi - Mut - Turkey

- Turkey

Nemrut - Ahlat - Turkey

. Gara - Amadiya - Iraq

can be distinguished from H. linguaria by the lateral mar-
gins of S6, which have a thickened rim, and by the apical
margin of S6, which ends medially in a sharp spine as in
H. adunca (Fig. 7); in H. linguaria, S6 lacks thickened
rims or a medioapical spine. Moreover, the punctation of
the supraclypeal area in H. onosmaevae is comparative-
ly fine and dense with only small interspaces especially
in the middle, whereas it is sparse in H. linguaria in the
middle. In the male, H. onosmaevae can be distinguished
from H. linguaria by the shape of the membranous ap-
pendage at the apical margin of S6 and the form of the
gonostylus. In H. onosmaevae, the appendage of S6 is
longitudinally raised medially, wider at the base than at
the apex, tapers into a narrowed tip and is covered with
short light orange hairs in the middle (Figs 12, 14). The
gonostylus is threadlike and slightly clubbed at the apex.
In H. linguaria, the membraneous appendage of S6 is flat,
short and distinctly bilobed and the gonostylus is much
thicker and narrowed at the apex. Compared to H. semi-
linguaria, which is known only in the female, the inner
margins of the compound eyes are diverging towards the
clypeus in H. onosmaevae, whereas they are parallel in
H. semilinguaria. In addition, S6 of H. linguaria lacks
thickened marginal rims as is probably also the case in
H. semilinguaria. Tkalct (1992) compared these two spe-
cies and did not provide any information on the structure
of S6.

Hoplitis onosmaevae can be separated from the com-
mon species H. adunca, which is similar in size and also
has thickened marginal rims and a medioapical spine
on female S6, by the yellowish-brown hind tibial spurs
(Fig. 9) (tibial spur black in H. adunca), in addition to the
longer proboscis.

Description. Female (habitus: Figs 3, 18-20, 24).
Body length 9-10 mm.

Integument color. Cuticula generally black, except
where indicated hereafter. Proboscis brown, glossa or-
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Figures 3-9. Hoplitis onosmaevae sp. nov., female (holotype). 3. Lateral view; 4. Head; 5. Clypeus and mandibles; 6. Metasoma,

dorsal view; 7. Last sternum, ventral view; 8. Propodeum; 9. Inner spur of hind tibia, posterior view.

ange. Cuticula reddish-brown laterally along apical
margin of clypeus and more or less along margin of ster-
nites and tergites, on internal surface of femora, apical
part of leg segments, especially last tarsi and claws. All
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tibial spurs yellowish-brown to orange. Tegulae dark
brown, external margin often reddish brown. Wing vena-
tion dark brown. Eyes grey-brown in the field. Vestiture
color. Generally white, including scopa, except where in-
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dicated hereafter. Hairs slightly darker, greyish brown, on
scutum. Some hairs along apical margin of clypeus and
on tergal discs yellowish white. Hairs on internal surface
of tibiae and tarsi, on basal part of femora and apical half
of trochanters yellowish-orange.

Head. Vertex strongly elevated and tilted forward
when seen in front or 3/4 view. Ocelloccipital distance
approximately equal to three ocellar diameters (Fig. 4).
Inner margin of compound eyes slightly diverging be-
low (ratio between upper and lower interocular distance
approximately 0,92). Clypeus strongly convex, protrud-
ing, apical margin with approximately nine teeth, later-
al teeth triangular, median teeth nearly cylindrical (Figs
4, 5). Mandibles tridentate, apical tooth elongate, acute
(Fig. 5). Proboscis equal to body length when fully ex-
tended, galea half as long as body, with short bristles
basally. Labrum longer that wide. Head overall shiny,
shagreened only on parts of clypeus (see below), dense-
ly punctate; interspaces absent or narrow, except on ver-
tex and genae where interspaces can be as wide as one
puncture diameter, on frons laterally and close to ocellar
area where the interspaces can reach two puncture diam-
eters. Frons along frontal line and supraclypeal area more
densely and finely punctate (supraclypeal area sometimes
comprises some narrow interspaces centrally). Clypeus
more strongly punctate than elsewhere on head, interspac-
es up to 1 or 2 puncture diameters, punctation becoming
denser and finer apically; clypeus in basal half with me-
dian impunctate longitudinal line (Fig. 5), line sometimes
reaching apical margin. Labrum unpunctured and shiny
in basal third, mat and shagreened apically, here more or
less punctate. Proboscis surface unpunctured, smooth and
shiny on the front, mat and shagreened laterally and dor-
sally. Antennae. FL2 slightly longer than FL3 and FL4
together; FL (5-6—)7—10 brown-orange below (Fig. 5).

Mesosoma. Pronotum weakly shagreened with shal-
low punctation, but shiny. Mesepisternum (except ventral
part), scutum and scutellum shiny, densely and relative-
ly strongly punctate, interspaces well visible, up to 2 to
3 punctures diameters on central part of scutum. Mese-
pisternal concavity shiny with sparse punctation. Axil-
lae shagreened, densely and finely punctate. Metanotum
shiny with distinct punctation. Metepisternum weakly
shagreened but shiny. Propodeal triangle nearly entirely
shagreened, shiny in its lower part; propodeal posterior-
ly nearly impunctate around propodeal pit, more densely
punctate laterally; sides of propodeum densely and fine-
ly punctate (Fig. 8). Mesepisternum ventrally impressed
along longitudinal axis, this concavity open posteriorly
between mid-legs insertions, here shiny and sparsely
punctate. Mesosoma entirely hairy except on propodeal
triangle and propodeal pit (Fig. 8). Hairs on scutellum,
lateral part of mesepisternum and on propodeum as long
as on vertex, shorter on scutum and even more so on ven-
tral parts of mesepisternum. Legs. External extensions
on apex of first and mid tibiae relatively thin, elongated
and curved. Spur of front tibiaec modified, internal margin
lamellar, external margin thick and curved, apex of spur

pointed, internally with a minute fringe of hairs. Front
metatarsi basally with an internal notch. Inner spurs of
hind tibiae straight and regularly tapering, only slightly
curved apically (Fig. 9).

Metasoma. T1 smooth and shiny, unpunctured on ver-
tical part, disk with regular, sparse punctation (interspac-
es up to 4 puncture diameters), punctation denser and fin-
er toward the margin. T2-3 similar to T1, but impressed
basally, punctation sparser on T2 than on T1, becoming
even sparser on T3. T4 similar to T3, slightly more sha-
greened, punctation rugose. T5—6 shagreened, punctation
denser and more rugose than on T4. All terga with a thin
impunctate margin, impunctate margin larger on T6. In
fresh specimens, T1-4 laterally with long erect white
hairs, hairs on T1 as long as those on scutellum; T1-4
with white, interrupted apical fasciae, T5 with continu-
ous apical fasciae, T6 with decumbent, light hairs. S1-6
shiny but slightly shagreened with moderately dense (2
to 3 puncture diameters), rugose punctation, their margin
impunctate. S6 laterally with a thickened rim, rim inter-
rupted before apex; apex pointed (Fig. 7).

Male (habitus: Figs 16, 17). Body length 10-12 mm.

Integument color. As in @ except when mentioned
below. Eyes grey-green in the field. Vestiture color.
Predominantly brown-orange in fresh specimens, fading
to yellowish to greyish white.

Head. Vertex as in 9. Inner orbital edges slightly di-
verging below (less so than in ¢). Clypeus protruding, api-
cal margin denticulate, but less regularly and strongly than
in Q; teeth partly hidden by dense apical fringe of hairs.
Mandibles bidentate, upper tooth short, apical tooth sharp.
Proboscis, galea and labrum proportions as in 9. Vestiture
very dense on frons, paraocular and supraclypeal areas
and clypeus. Punctation overall more homogeneous than
in @, finer and denser on average; clypeus entirely punc-
tate except a narrow impunctate area along lateral margins,
punctation fine and dense, difficult to see due to dense ves-
titure. Labrum medially shiny, unpunctured or with sparse
punctation, shagreened and more densely punctate lateral-
ly. Antennae. Scape densely punctate and hairy, 3 times as
long as wide at apex; width at apex twice basal width. FL2
triangular, at most 1,5 as long as wide at apex, as long as
FL3 and FL4 together. FL3 and FL4 twice as wide as long.
FL8-10 nearly square, FL11 approximately 1,5 times as
long as wide. Flagella flattened dorso-ventrally; only inter-
nal surface of FL2 (distinctly) and FL3 (slightly) convex.
FL5- or FL6-11 orange ventrally (Figs 10, 11).

Mesosoma and legs. As in § except where indicated
hereafter. Punctation denser and finer on scutum and lat-
eral parts of mesepisternum, and denser on area around
propodeal pit.

Metasoma. Tergal punctation generally as in @ but
punctures less impressed and area with fine punctation on
tergal margins wider. T7 finely punctate and shagreened
basally, smooth and shiny medially, punctation becom-
ing rugose and sparse apically. T2-3 depressed basally.
T6 with a strong tooth laterally, apical margin irregular,
slightly sinuate medially. In dorsal view, lateral margin of
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Figures 10-14. Hoplitis onosmaevae sp. nov., male. 10. Left antenna, dorsal view; 11. Left antenna, front view; 12. Sterna 3—6 (the
metasoma was slightly extended to expose S6); 13. Terga 5-7, dorsal view; 14. Membraneous appendage of sternum 6, lateral view.

T7 slightly concave medially, apical margin rounded (Fig.
13). Metasomal vestiture as in @ except where indicated
hereafter. Lateral fasciae of T1 less pronounced and more
elongated, T2—5 with shorter hairs, T6 with continuous
fasciae on apical margin, fasciae narrower in the mid-
dle but not interrupted, T7 with long hairs laterally but
fewer hairs medially. S1 thicker than S2—4, with lamellar
margin. S2-5 with a transverse premarginal gibbosity (in-
conspicuous on S5), S5 with longitudinal central groove.
Margins of S1—4 slightly sinuate, S5 straight medially,
rounded laterally. S6 basally with short and wide translu-
cent lamella, median extension trapezoidal, with sinuate
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margins (Figs 12, 14; see also Diagnosis). S1 with strong
and dense punctation on thickened part. S2—4 with dense
punctation, shagreened and with fine punctation basal-
ly and premarginally, transverse gibbosities smooth and
shiny, with sparse punctation medially. Median extension
of S6 mostly shagreened (Fig. 14). Apical margin of S1-3
with sparse fringe of relatively long hairs, apical fringe
shorter on S4, almost absent on S5. S6 baso-laterally with
dense and long fringe of hairs, hairs emerging behind
translucent lamella; surface of median extension of S6
with short yellowish-orange hairs. Gonostyli thread-like,
slightly clubbed apically.
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Figures 15-19. Hoplitis onosmaevae sp. nov., foraging habitat and behaviour (France, Saint-Dalmas-le-Selvage, 23.6.2020).
15. Foraging habitat with patch of the host plant, Onosma tricerosperma subsp. fastigiata; 16. Male resting on stone between two
patrolling flights, with unfolded proboscis; 17. Male resting on stone between two patrolling flights; 18. Female on a flower of On-
osma tricerosperma subsp. fastigiata; 19. Female concentrating nectar with widely open mandibles.

Etymology. The species epithet onosmaevae refers to the Distribution. Known so far from the Mount Gara in
assumed close association with plants of the genus Onosma  northern Iraq (Dahuk Governorate), from the Nemrut
(see section on pollen hosts below) and to Maéva Gardenat, Dag in Eastern Turkey (Bitlis province), from the west-
to whom the first author wishes to dedicate this species. ern and central Taurus Mountains in southern Turkey

alpineentomology.pensoft.net



74 Aubert, M. et al.: Hoplitis onosmaevae, a new osmiine bee from France, Iraq and Turkey

! rface
= Y S

Wood su B

Wood‘seé‘tioh

\ el

‘5mm

_ El i " "» * - l" ; - ‘-'." l‘_:" a" e ‘

Figures 20-25. Hoplitis onosmaevae sp. nov., nesting habitat and behaviour (France, Saint-Dalmas-le-Selvage, 23.6.2020, for
photographs). 20. Female in buzzing position on a flower of Onosma tricerosperma subsp. fastigiata; 21. Female leaving a flower
of Onosma tricerosperma subsp. fastigiata; 22. Nesting habitat with dead trunks of larch; 23. Nest entrance plugged with sand and
pebbles; 24. Female near the nest entrance, which is visible at the bottom left; 25. Cross-section of nest (P = pollen provisions).

(Antalya and Mersin province), from the western Pon-  (Provence-Alpes-Cote-d’ Azur region) (Fig. 2). In France,
tic Mountains in northwestern Turkey (Bolu Province) the species appears to be extremely rare and localized.
and from the Tinée Valley in the French southern Alps  So far it has only been found at two sites separated by
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less than 5 km; at each site, only few individuals were
observed (the estimated number of individuals was 3 and
10-20, respectively). The search for the species was un-
successful in several other localities in the French south-
ern Alps with populations of Onosma tricerosperma
subsp. fastigiata. These localities were situated 10 km
to 18 km to the east, the north and the southwest of the
two known sites of H. onosmaevae. Localities surveyed
were the Bachelard valley above Fours-Saint-Laurent
(Alpes-de-Haute-Provence, Uvernet-Fours, 44.32°N,
6.69°E) between 1750 m and 1900 m on 11.7.2019 and
27.6.2020, the Ubaye upper-valley, around la Barge and
Maljasset (Alpes-de-Hautes-Provence, Saint-Paul-sur-
Ubaye, 44.59°N, 6.83°E) between 1700 m and 2150 m
on 11.7.2019 and 25.6.2020, the Ubayette valley, around
Larche (Alpes-de-Haute-Provence, Larche, 44.45°N,
6.45°E) between 1650 m and 2000 m on 13.7.2019,
above Saint-Ours (Alpes-de-Haute-Provence, Val d’Oro-
naye, 44.48°N, 6.81°E) between 1800 m and 1950 m on
26.6.2020, and the Barlatte upper-valley (Alpes-Mari-
times, Chateauneuf-d’Entraunes, 44.18°N, 6.83°E) be-
tween 1700 m and 1850 m (MNP core area) on 25.6.2022.
However, some of these unsuccessful visits were not per-
formed under ideal conditions (e.g. end of blooming time
or low abundance of blooming host plants), so that the
occurrence of H. onosmaevae at all these sites cannot be
excluded with certainty.

Field observations. Field observations were conduct-
ed at the “Vallon du torrent de Jalorgues™ (Figs 15, 22) on
23.6.2020, when Hoplitis onosmaevae was found for the
first time, and on 28.6.2020. The first visit took place in
good weather conditions and lasted from 10:00 to 15:30.
Several females and males were seen, most observations
and pictures were realized on that day and a nesting site
was found. During the second visit, fewer individuals
were observed, possibly due to the less favorable weather
conditions and we focused on a closed nest found five
days before, around which a single female was seen.

Behaviour at Onosma stands. Several females were
observed collecting pollen and nectar on flowers of Onos-
ma tricerosperma subsp. fastigiata (Figs 18, 20, 21). After
landing on the corolla, they entered the flower headfirst,
clung to the style and then vibrated the flower by buzzing
to extract the pollen. This behavior was observed several
times. Each visited flower was sonicated usually twice
during a few seconds. The females then collected nectar
on the same flower and repeated the same sequence on
the next flower. The bees landed frequently on the ground
or on a stone between two flower visits to concentrate the
nectar by widely spreading the mandibles and the labrum
and slightly unfolding the proboscis (Fig. 19). Males
were observed patrolling Onosma patches in their search
for females, resting frequently nearby on the ground or on
a stone (Figs 16, 17). They sometimes interrupted their
patrolling flights to ingest nectar from Onosma flowers.

Pollen hosts. The pollen contained in the female sco-
pae and the brood cells was morphologically identical to
reference pollen samples of Onosma; while the French

samples certainly belong to Onosma, the unambiguous
identification of Onosma pollen was not possible for the
Turkish samples, as several closely related Boraginaceae
genera with similar pollen morphology occur in Turkey.

Nesting biology. A nesting site was found on 23.6.2020
in the “Vallon du torrent de Jalorgues” by observing the
flight direction of a female leaving the main patch of
host plants. The nesting site was situated at a distance of
approximately 35-40 m from the Onosma patch, where
three dead trunks of larch (Larix decidua Miller, 1768)
were present, one lying and two still standing (Fig. 22).
Two nests in preexisting insect burrows were discovered,
one in the lying trunk and the other in a standing trunk.
One nest was left untouched, while the second was par-
tially opened five days later. This nest consisted of an
unknown number of brood cells, of which the two outer-
most were excavated. These cells were in line and parallel
to the external surface of the tree trunk. The following
nest architecture was observed (Fig. 25): 1. a nest plug
composed of small pebbles glued together with fine sand,
which was probably mixed with secretions (Fig. 23); 2.
an empty chamber; 3. a partition constructed with sand,
but without pebbles; 4. the outermost cell containing a
solid provision mass (egg or larva not visible); 5. a parti-
tion built with sand; 6. the penultimate cell containing a
solid provision mass (egg or larva not visible); 7. another
partition built with sand.

Discussion
Biogeography

In the past twelve years, numerous new bee species have
been discovered in mainland France. These new discover-
ies mainly concern species known from adjacent or other
European countries (Vereecken and Barbier 2009; Aubert
et al. 2010; Dufréne et al. 2014; Aubert 2016; Genoud
and Dufréne 2016; Gabiot and Dufréne 2018; Le Divelec
2020; Le Divelec and Aubert 2020). Alternatively, some
of the newly discovered taxa are cryptic species that were
previously confused with closely related taxa (Ghisbain et
al. 2018; Praz et al. 2019, 2022; Kasparek 2020; Litman
et al. 2021). The discovery of overlooked, newly immi-
grated or cryptic species may continue or even accelerate
in the future as interest in bees increases and identifica-
tions and species delimitation are more and more com-
plemented by DNA analyses. Much rarer, however, is
the discovery of morphologically well characterized bee
species that are new to science, such as H. onosmaevae.
This discovery is particularly remarkable as this spe-
cies shows a highly disjunct distribution, occurring in
southern France and at least 2000 km away in Turkey and
Iraq. The morphology of both females and males of the
European and the Asian populations is completely identi-
cal including the shape of the male antenna and the form
of the membraneous appendage of male sternum 6, which
are highly diagnostic characters in the subgenus Hoplitis.
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Thus, these disjunct populations are treated here as con-
specific despite the lack of genetic data for the eastern
populations. The bumblebee Bombus brodmannicus Vogt,
1909 shows an even more disjunct distribution occurring
in the southern Alps and the eastern Pontic Mountains,
the Armenian highlands and the Caucasus (Rasmont and
Iserbyt 2014). Another putative Onosma specialist was
discovered in France just a few years ago, Eucera brev-
iceps (Friese, 1911), which was previously known only
from Turkey and Syria (Aubert et al. 2024). It recently
turned out, however, that this species is also present in
Greece, Bulgaria and Italy. It cannot be excluded that
H. onosmaevae also occurs in mountainous areas between
France and Turkey, e.g. in Italy or the Balkans, where the
bee fauna has not yet been thoroughly studied. In fact,
the occurrence of H. onosmaevae in Bolu province close
to the European part of Turkey renders the new species’
occurrence in Greek mountain ranges quite probable.

Host plants

Hoplitis species of the subgenus Hoplitis show a tight as-
sociation with two plant families, the Boraginaceae and
the Fabacaeae (Sedivy et al. 2013a). Although our results
are based on few samples only, analyses of pollen con-
tained in the female scopae and the brood cells as well
as field observations strongly suggest that H. onosmae-
vae sp. nov. is narrowly oligolectic on Onosma. The long
mouthparts and the ability to buzz the flowers are clearly
adaptations for the collection of nectar and pollen from
Onosma. Pollen collection on Boraginaceae genera with
narrow-tubed flowers requires morphological or behav-
ioral adaptations known to occur in numerous species of
diverse bee groups including Hoplitis species of the sub-
genus Hoplitis (Miiller 1995). Among the Hoplitis spe-
cies of the adunca group, H. flabellifera (Morice, 1901)
possesses curved bristles on the front tarsi used to extract
pollen from flowers of the genus Anchusa L. (Sedivy et
al. 2013a). The recently discovered H. lithodorae Miiller,
2012 has specialized hooked bristles on the galeae of the
proboscis, which serve to scratch pollen out of the narrow
corolla of the flowers of Lithodora, its exclusive pollen
host (Miiller 2012; Aubert 2016). Among the Hoplitis
species of the annulata group, H. agabaensis (Warncke,
1991), oligolectic on Echiochilon Desfontaine, has long
and stiff pollen-collecting bristles on the ventral side of
the first segment of the labial palpi and the base of the
second segment (Sedivy et al. 2013a). In the persica
species group, Hoplitis persica (Warncke, 1991), which
is presumably oligolectic on Heliotropium, has apically
curved and capitate bristles on the second segment of the
labial palpi most probably used to extract pollen from the
narrow-tubed Heliotropium flowers (Sedivy et al. 2013a).

In contrast to the Boraginaceae genera mentioned above,
pollen collection on flowers of Onosma does not require
morphological specializations on proboscis or front legs.
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In this genus, the pollen is shed into a cone that is formed
by the five adjacent anthers and can be extracted either by
buzzing or with mandibles and fore legs (Teppner 1995,
2011; Trunz et al. 2020). Beside H. onosmaevae, four
additional species of the subgenus Hoplitis are known to
apply buzzing to extract pollen from cone-shaped flowers
of the Boraginaceae (Sedivy et al. 2013a): Hoplitis holm-
boei, which is oligolectic on several genera of the Borag-
inaceae, such as Onosma, Echium and Lithodora, H. hom-
alocera, which exclusively collects pollen on Podonosma
Boiss., a close relative of Onosma, and two undescribed
species of Hoplitis (Hoplitis sp. nov. 2 and H. sp. nov. 3
in Sedivy et al. 2013a), which buzz the flowers of Onos-
ma and Trichodesma R. Brown, respectively. At least two
species that belong to other families than Megachilidae
are also known to buzz the flowers of Onosma: Eucera
breviceps, oligolectic on Onosma (Aubert et al. 2024), and
the short-tongued bee Andrena symphyti Schmiedeknecht,
1883, oligolectic on Boraginaceae and known to collect
pollen also on Symphytum L. and Cerinthe L. (Teppner
2011). The females of Osmia apicata Smith, 1853, a Bor-
aginaceae oligolege with a strong preference for Onosma
(Haider et al. 2013), do not buzz the Onosma flowers but
scrape the pollen out of the cone with their fore legs after
intruding their head into the corolla (Gogala and Surina
2011). The front legs of H. onosmaevae are probably not
involved in pollen collection, although the females insert
the head and the front part of the mesosoma into the co-
rolla. Instead, by placing the ventral side of the mesosoma
against the style (Fig. 20), the vibration of the thorax is
transmitted to the cone through the style during buzzing
(Buchmann 1983; Teppner 2018). The extraordinarily
elongated proboscis of H. onosmaevae, which is probably
not used for pollen extraction, allows males and females
to access the nectar, which accumulates at the base of the
Onosma corolla tube.

The phylogenetic position of H. onosmaevae strongly
suggests that specialization on Onosma has occurred at
least twice among species of the adunca group, once in
H. onosmaevae and once in the clade containing H. holm-
boei and Hoplitis sp. nov. 2, whereas H. holmboei, and
possibly Hoplitis sp. nov. 2, also collect pollen from oth-
er genera of Boraginaceae. The phylogenetic position of
H. linguaria, which is most probably oligolectic on On-
osma (Miiller 2023b), and of H. semilinguaria, which
might also be an Onosma oligolege due to its long pro-
boscis, is unknown. However, morphology suggests that
they are not closely related to H. onosmaevae, which dif-
fers from these two species by the presence of a marginal
rim and a medioapical spine on S6, two characters that
H. onosmaevae shares with its closest relatives H. adun-
ca, H. benoisti and H. manicata. Whether H. linguaria
and H. semilinguaria are closely related to each other
or to H. holmboei will require further investigation; de-
pending on their phylogenetic position, specialization on
Onosma may have indepently evolved two, three or even
four times in the subgenus Hoplitis.
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Nesting biology

The nesting biology is unknown for more than two thirds
of the Hoplitis species of the adunca group (Miiller
2023b). Most species for which the nesting habits are
known build their nests exposed in depressions of rocks
or hidden within rock cavities and all use sand as nesting
material, often combined with small pebbles (Sedivy et
al. 2013b). Exceptions are H. fertoni (Pérez, 1890), which
uses snail shells as nesting site, as well as H. adunca and
H. manicata, which nest in insect burrows in dead wood
and hollow stems beside other types of preexisting cavi-
ties. Interestingly, Hoplitis onosmaevae, which is closely
related to the latter two species based on our phyloge-
netic analysis, was found to build its nests also in insect
burrows in dead wood, suggesting that nesting in exist-
ing cavities in wood or stems has probably evolved only
once in the subgenus Hoplitis. Whether Hoplitis benoisti,
which builds its nests in depressions and cavities in rocks
or in insect burrows in the soil (Sedivy et al. 2013b), has
reverted to the ancestral nesting behaviour of the adun-
ca group or whether it is sister to the other three species
suggesting the origin of nesting in wood and stems in the
ancestor of H. adunca, H. manicata and H. onosmaevae
is unclear, since the phylogenetic relationships of these
four species are not resolved.

Conservation

The extreme rarity of Hoplitis onosmaevae in France,
where it is currently known only from two restricted and
little distant localities, does not seem to be fully account-
ed for by the rarity of its host plant, since large Onosma
tricerosperma subsp. fastigiata populations are known
outside the known range of H. onosmaevae, for example
in the southern part of the Massif Central and at lower
altitudes in the southern Alps. Hoplitis onosmaevae was
only found at elevations between 1900 m and 2000 m
in France and between 1075 m and 2350 m in Turkey
and Iraq. This suggests that H. onosmaevae may have
a particularly narrow climatic niche in France and does
not find suitable climatic conditions at lower elevations,
despite the presence of the host plant. This situation is
reminiscent of that of Bombus brodmannicus, which is
also much more narrowly distributed in the Alps than its
host plant, Cerinthe (Boraginaceae). Possibly, these two
bee species are associated with climatic conditions that
are only found at certain elevations in restricted areas of
the southern Alps, for example humid and cold winters
and particularly hot and dry summers. Other factors may
also limit the distribution of H. onosmaevae, particularly
the presence of dead wood as nesting substrate, which
represents a scarce resource in the steppe-like grasslands,
where Onosma plants preferentially grow. The local his-
tory of forest use by humans may also partly explain the
rarity of H. onosmaevae; massive deforestation in the

southern Alps from approximately 2000 BC (Beaulieu
1977) may have reduced the area of habitat suitable for
the species by reducing the number of its potential nidi-
fication sites.

The strongly disjunct distribution of H. onosmaevae
and the bee’s extremely local occurrence in limited areas
of the southern French Alps have important implications
for conservation. The species has most probably a very
narrow ecological niche, making it highly susceptible to
future changes in its habitats, for example due to changes
in agricultural practices or to climate change. Even if the
two known sites of H. onosmaevae are located in the core
area of the Mercantour National Park, human activities
can threaten its populations. Pastoralism, for example, is a
significant economic activity in the Park and considered as
an important heritage, playing a role in maintaining open
habitats (Parcs nationaux de France 2012). However, ex-
cessive pastoral pressure or overgrazing can easily impact
the populations of the host plants, either by direct con-
sumption of the plants or by repeated trampling. The neg-
ative impact of excessive grazing could even be aggravat-
ed by unfavorable climatic conditions, such as prolonged
droughts, which are expected to reduce the availability of
flowers and further increase pressure on the vegetation.
The presence of dead wood in close neighbourhood to the
Onosma stands is a further essential prerequisite for the
occurrence of H. onosmaevae, rendering the preservation
and promotion of a sufficient supply of dead wood at the
French sites occupied by H. onosmaevae essential.

Conclusions

Given the extreme rarity of Hoplitis onosmaevae in France
and the species’ high vulnerability to habitat changes due
to its strong dependence on Onosma and dead wood, a
detailed conservation plan should be worked out in the
southwestern Alps, including the following measures: 1.
additional fieldwork to identify further populations and to
determine the current distribution of H. onosmaevae, in-
cluding in the Italian Alps, where the species could also
be present; 2. the active conservation of the known popu-
lations of H. onosmaevae, for example by adopting an ap-
propriate management plan, ensuring that the habitat char-
acteristics do not change and providing an adequate supply
of plant and nesting ressources for the bee, with the aim of
increasing the overall size of the population; 3. adaptation
of the eco-pastoral management plans in the regions of the
Mercantour National Park where the species occurs, to pre-
serve and increase the abundance of the Onosma stands.
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Abstract

Records of Choerades mouchai Hradsky, 1985, are reported from Switzerland. These are the first records of the species published
since its description and extend its known range to include the Alps. Previously, it was known only from parts of the Carpathian
Mountain chain in Slovakia and Romania. A redescription of the male is provided, accompanied by photographs of diagnostic
features, including the terminalia, and images of the entire insect. A table listing morphological differences between the males of
Ch. mouchai, Ch. femorata and Ch. marginata is presented. The Choerades fauna of Switzerland is discussed, as is the information

available about the ecology of Ch. mouchai.

Key Words
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Introduction

The robber flies (Diptera, Asilidae) comprise about
600 species in Europe. Recent works on the central
and northern European asilid fauna have significantly
improved species identification and promoted faunistic
studies (Goot 1985; Weinberg and Béchli 1995; Geller-
Grimm 2003; Van den Broek and Schulten 2017; Wolff
et al. 2018; Haarto et al. 2022). Despite these advanc-
es, there is no key which provides for the identification
of all the Choerades species known from Europe. One
reason for this is the unclear taxonomic status of some
of them, such as Ch. fulva (Meigen, 1804), Ch. podag-
rica (Meigen, 1820) and Ch. dioctriaeformis (Meigen,
1820). Further, the females of two species, Ch. castel-
lanii (Hradsky, 1962) and Ch. mouchai Hradsky, 1985
remain unknown. Apart from the work of Weinberg and
Biéchli (1995), the Choerades fauna of the Swiss Alps
remains poorly studied.

The genus Choerades, which is part of the sub-fam-
ily Laphriinae, is represented by at least ten species in
central Europe. Adults are formidable predators and their
larvae develop in the wood of old trees, where they pre-
date the larvae of saproxylic insects. From the studies
of Krivosheina and Mamayev (1975), larvae of some
Choerades species are known to develop in deciduous
trees, including Ulmus, Fagus and Quercus. Others, like
Ch. marginata, Ch. gilva and Ch. ignea develop in coni-
fers, such as Pinus or Picea.

The description of Choerades mouchai was based on
males from Slovakia, in the north-western part of the
Carpathians, and from Romania, in the south-eastern Car-
pathians, all collected more than 60 years ago (Hradsky
1985). Since then, there appear to have been no published
records of the species. The lack of clarity in the descrip-
tion of the species and its accompanying figures, plus
the fact that Ch. mouchai has not been included in any
key dealing with the European fauna, must have contrib-

Copyright Gaél Pétremand & Jaroslav Bosak. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0),
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uted to this lack of records. With that in mind, the new
records of Ch. mouchai from the Swiss Alps, presented
here, are accompanied by an illustrated redescription of
Ch. mouchai, together with notes on its separation from
the morphologically similar species Ch. femorata (Mei-
gen, 1804) and Ch. marginata (Linnaeus, 1758). Ecolog-
ical observations on Ch. mouchai, gathered from two of
the three Swiss localities are also discussed.

Materials and methods

During surveys of selected families of Diptera in the
Swiss central Alps, the male of an unfamiliar Choerades
species was collected by one of us (GP) in a dry Pinus
sylvestris/Quercus pubescens forest. First identified as
Ch. femorata, its very particular terminalia led to further
research in the literature and specialist expertise was also
sought. This resulted in the discovery (by JB) of a second
Swiss specimen of the same species. Collected in 2011, in
the eastern Swiss Alps by M. Kadlecova, it was obtained
from an insect exchange in Prague. A third male was then
found by Christian Monnerat (info fauna, Neuchatel) in
his private collection, among material collected by an in-
terception trap set up for saproxylic Coleoptera, in the
central Swiss Alps, within an old Fagus slope forest.

Literature research brought to light Milan Hradsky’s
description of Ch. mouchai (Hradsky 1985) from the
Carpathian Mountains. This description only partially
matched the Swiss males. As the description and the illus-
trations provided in Hradsky (1985) were insufficient to
confirm the identity of these males, a comparison between
them and the holotype and paratypes of Ch. mouchai in
Hradsky’s collection was made (by JB). Photographs of
one of the paratypes were also taken by Michal Tkoc¢ at
the Museum in Prague.

Results
Records of Choerades mouchai from the Alps

Material examined. 1J, Switzerland, Graubiinden,
Rétische Alp Nord, 3 km E of Susch, 46°46'N, 10°06'E,
1410 m a.s.l., 12 Aug. 2011, M. Kadlecova leg., J. Bosak
det. & coll. ; 18, Switzerland,Wallis, Fully, Planu-
it, 46°09'18"N, 7°06'34"E, 1193 m a.s.l., 9 July 2019,
Y. Chittaro leg, G. Pétremand det., C. Monnerat coll.,
interception trap installed on old Fagus tree, MON-
NECH01005228 ; 13, Switzerland, Wallis, Sierre, Bois
de Finges, 46°17'45"N, 7°34'38"E, 605m a.s.l., 17 May
2020, G. Pétremand leg., det. & coll., hand net, sitting
on a Quercus log within Ononido-pinion forest, GBI-
FCH01022956.

Redescription of Choerades mouchai Hradsky,
1985. To consolidate Hradsky’s (1985) description of
Ch. mouchai we provide a new diagnosis based on
Hradsky’s first description, augmented by data from the
Swiss specimens, and accompanied by photos of one of
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the Swiss specimens (Figs 1-8) and photos of a paratype
(from the Carpathian Mountains) (Figs 9, 10).

Diagnosis. Ch. mouchai is a black, white and gold-
en haired Laphriinae species. Body length 12-14 mm
(Figs 1-4, 9). Head. Antennae black, with black hairs on
the first two segments. First antennal segment about three
times longer than second (Fig. 5). Third antennal segment
longer than the first and second combined. The cusps, to
which the antennae are attached, are covered with black
hairs. Mystax with long black hairs, mixed with shorter
white bristles (Fig. 1, 4). Face with long silverish hairs on
sides (Fig. 4), dense dusting along the eye margins and
black bristles medially. Ventral part of the head with very
long whitish hairs (Fig. 4). Proboscis black, with white
hairs at tip (Fig. 4). Palpi with black hairs. Back of the
head (posterior to ocellar triangle) with yellow hairs. Oc-
cipital hairs black on upper half and yellowish on low-
er half. Frons with mainly yellow hairs (Fig. 2). Ocellar
triangle with two very long, glassy white/yellow hairs
(sometimes absent). Thorax. Mesoscutum black, with
three longitudinal stripes of dusting which are connected
at its posterior margin (Fig. 2, 3). Lateral margins of me-
soscutum dusted; shiny parts with blue reflections. Me-
soscutum with long black hairs and shorter yellow hairs,
but posterior margin with only long yellow hairs (Fig. 2).
Hairs and bristles on scutellum yellow, bristles on its pos-
terior margin about two times longer than the maximum
length of the scutellum. Pleurae dusted. Posterior ane-
pisternum mostly covered with yellow hairs, black hairs
present on upper and posterior margins (Fig. 2). Wing
membrane slightly darkened except at the wing base, with
areas bare of microtrichia. Wing veins dark brown. Dorsal
surface of the base of the costa with black and sometimes
yellow hairs (Fig. 4). Legs black, with brownish-yellow
short hairs and longer black hairs and bristles. Hind femur
with yellow and black hairs, some of them on the ven-
tral and dorsal faces about as long as its maximum depth.
Abdomen. Sternites and tergites all shiny black. Tergites
black with blue reflections and covered with dense golden
hairs. Posterior margins of tergites with denser hair cover-
ing, hiding the basic colouration of the abdomen, which is
visible on the anterior parts of tergites 1-5. Sternites with
long yellow hairs. Terminalia (Figs 6-8, 10). Gonopod
black at the base, brown to yellow towards the tip, with
black hairs. Epandrium almost entirely black, ending with
two or three prominent black hairs which are curved at the
tip. Black pointed projection terminating the hypopygium
covered in yellowish-white hairs only.

Distinctions between Choerades mouchai males and
similar species in Europe. The male of Ch. mouchai is
very similar to the males of Ch. marginata, and Ch. fem-
orata and could easily be confused with either of them.
As an aid to their identification, we list in Table 1 mor-
phological differences between the males of these three
species, which can be used to separate them. The male
of Choerades castellani is also very similar but shows
a unique character, its last tergite being bifid posteriorly
(see Geller-Grimm, 2003). It has therefore not been in-
cluded in Table 1.



Alpine Entomology 8 2024, 81-86

Figures 1-5. Choerades mouchai male found in Bois de Finges (Switzerland) on 17" of May 2020. 1. Habitus, lateral view;

2. Habitus, oblique view; 3. Habitus, dorsal view; 4. Habitus, frontal view; 5. Head in dorsal view.
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Figures 6-8. Terminalia of Choerades mouchai male found in Bois de Finges (Switzerland) on 17" of May 2020. 6. Hypopygium,
lateral view; 7. Hypopygium, dorsal view; 8. Hypopygium, ventral view.

Figures 9, 10. Choerades mouchai, male paratype from Carpathian moutains. 9. Habitus, lateral view; 10. Hypopygium, lateral
view.
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Table 1. Characters allowing the distinction between Ch. marginata, Ch. femorata and Ch. mouchai.

Character Choerades marginata & Fig. 11 Choerades femorata & Fig. 12 Choerades mouchai J Figs 1-10

coarse hair coloring on face [between yellow white to yellow white (only present along eye margin, centrally absent,

antenna and facial gibbosity] see Fig. 4)

mesoscutum uniformly bright uniformly bright bright with three longitudinal pollinose stripes (sometimes
not visible, especially in specimens passed in alcohol)

terminalia uniformly black uniformly black gonopod black and bright yellow at tip

length of the 1 segment of antenna ~ 1.8-2.5 times longer than 2 segment at 3-4 times longer than the 2 2.7-3.2 times longer than 2" segment

[in dorsal view] segment

hair color on tergites

yellow, brown-black hair on disc and

white hair on the rear margin of tergites

yellowish-brown hair

golden-yellowish hair, very dense on rear margin

pilosity length on ventral and dorsal

at most as long as half the depth of

at most as long as half the depth of

some hairs almost as long as maximum depth of hind

surface of hind femur hind femur hind femur femur
hair color on posterior anepisternum  mainly black (except for a few yellow mainly black (except for a few yellow mainly yellow except black hair in upper and posterior
hairs on lower third) hairs on lower third) parts

Ecological demands

colder locations of mixed and

xerotherm localities of forest steppe

xerotherm localities of Pinus or Fagus forest

coniferous forests

character with deciduous trees

Figure 11. Choerades marginata male, habitus in lateral view (Switzerland).

Discussion

Weinberg and Béchli (1995) list eight species of Cho-
erades for Switzerland and by extension for the Alps, in-
cluding the problematic Ch. dioctriaeformis and Ch. fulva.
Commentary on the latter two species is beyond the scope
of the present text. Choerades femorata should be added to
this list, a species omitted by Weinberg and Béchli (1995)
but which is frequent in Switzerland. In the past, this spe-
cies has long been confused with Ch. marginata. The addi-
tion of Ch. mouchai thus brings the Choerades fauna of the
Alps to ten species. Two other Choerades species recently
found in Germany (Geller-Grimm et al. 2003; Wolff et al.
2021) can also reasonably be expected to occur in the Alps:
Ch. castellanii and Ch. amurensis (Hermann, 1914).

At present is seems that Ch. mouchai is poorly repre-
sented in public or private collections, only nine specimens

being known - Romania, Slovakia (Carpathians - Hradsky
1985) and Switzerland (Alps — this study). With the pres-
ence of Ch. mouchai in the Alps highlighted by the present
text, it is to be hoped that re-examination of material in col-
lections might reveal further records. It is interesting that
for the time being there is no evidence of the occurrence of
this species in the territory between the Carpathian and the
Alps such as in the Czech Republic and Austria, two coun-
tries where the asilid fauna has been intensively studied.
In the Carpathians, Ch. mouchai has been found in
Pinus mugo forest (M. Hradsky, pers. com.). The records
from the central Alps allow us to extend the habitat range
of Ch. mouchai to dry Pinus sylvestris forest mixed with
Quercus pubescens (Ononido-pinion) and to old and
dry Fagus slope forest. The male collected by the first
author in 2020 was sitting on a dead Quercus log fall-
en on the forest floor. It remains unknown if the larva of
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Figure 12. Choerades femorata male, habitus in lateral view (Switzerland).

Ch. mouchai is associated with conifers (Pinus) or decid-
uous trees (Quercus/Fagus). Nevertheless, it seems to de-
velop in thermophilic forest situations where both conif-
erous and deciduous trees are present, within old forests.

Conclusions

Discovery of Choerades mouchai in the Alps has enabled
us to clarify the diagnostic features of the male, hope-
fully facilitating acquisition of further information about
the distribution, biology and ecology of the species, and
bringing us one step closer to the development of a key to
the Choerades species of central Europe.

The detailed diagnosis provided should also improve
the possibility of recognising the female of Ch. mouchai,
leading potentially to its description in the years to come.
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Abstract

An updated checklist of the Swiss species of Hydradephaga (Dytiscidae, Gyrinidae, Haliplidae, Hygrobiidae, Noteridae) is presented
and briefly discussed. A total of 139 species is retained as part of the Swiss fauna, while 53 species, which have been recorded in
Switzerland in the past, are excluded from this list, either due to insufficient documentation or because their records were based on
misidentified material. In contrast to previous works, the present study also provides, for the first time, distribution maps through an
online map server for all Hydradephaga species in Switzerland, based on over 43,000 occurrences obtained from specimens held in
museums and private collections, as well as literature data. The occurrences of the rarest species of Switzerland, as well as data on

species erroneously cited in Switzerland, are presented and discussed.
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Introduction

The order Coleoptera is divided into five suborders:
Protocoleoptera (extinct), Adephaga, Polyphaga, Myxo-
phaga, and Archostemata (Bouchard et al. 2011). A large
proportion of aquatic beetles belong to Adephaga and
are often referred to as Hydradephaga in opposition to
Geadephaga. The monophyly of Hydradephaga has been
debated for long; some authors found it to be a mono-
phyletic group (Ribera et al. 2002; McKenna et al. 2015;
Lopez-Lopez and Vogler 2017), while others found it to
be a paraphyletic group with Geadephaga nested inside
(Maddison et al. 2009; McKenna et al. 2019) or with
Gyrinidae as basal lineage and the rest of Hydradephaga
monophyletic (Beutel et al. 2008; Baca et al. 2017).
Recent studies based on morphology as well as genomic
data support this last hypothesis (Vasilikopoulos et al.
2021). For practical reasons, Hydradephaga is still used
in the present work even if it does not concern a natural

group. Worldwide, ca. 6,000 species have been described
in eight families and it represents a taxonomically diverse
groups with one of the most well-known evolutionary
history (Short 2018). The taxonomy of this group has al-
ways been of great interest to professional and amateur
entomologists (Short 2018), and it is estimated that 70%
of aquatic beetles (including non-Adephagous) have been
described (Jach and Balke 2008), while 80% of Dytisci-
dae are already named (Nilsson 2016).

Although there are rare terrestrial species (notably a few
species of Dytiscidae in the tropics, see Brancucci 1979b;
Balke and Hendrich 1996), all Hydradephaga in Switzer-
land are aquatic, occurring in various types of standing and
flowing water. Most Hydradephaga are predaceous and oc-
casionally necrophorous, both as larvae and adults. Halip-
lidae are a notable exception with herbivorous larvae and
carnivorous, ominivorous, or exclusively phytophagous
adults (van Vondel 1997). Most species are fully winged
and capable of flight (Jackson 1952; Kehl and Dettner

Copyright Vivien Cosandey et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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2007). Adults of some species can live for several years
(Cerrato and Meregalli 2020) and usually overwinter bur-
ied in the ground, out of water (Hajek 2009).

In Switzerland, Hydradephaga are represented by five
families: Dytiscidae, Gyrinidae, Haliplidae, Hygrobiidae,
and Noteridae. Faunistic knowledge about Hydradepha-
ga has been summarized by Carron (2005, 2008), who
published two checklists: the first concerning Dytiscidae
and Noteridae (Carron 2005), and the second Gyrinidae,
Haliplidae, and Hygrobiidae (Carron 2008). These check-
lists were critical of dubious records such as specimens
from Charles Maerky’s collection (see below and Mon-
nerat et al. 2015), rightly excluding many taxa from the
Swiss list. However, Carron (2005, 2008) did not base
his works on the acquisition of an extensive dataset, and
thus he could only give general distribution information
for some very rare species and did not present distribu-
tion maps. Facing the need for quality datasets permitting
extrapolation of ecological information and visualization
of the distributions of species, particularly for good bio-
indicators (Bilton et al. 2019) such as Hydradephaga, we
compiled all the occurrences available in all Swiss muse-
ums and private collections, as well as the literature and
data gathered by naturalists. We also present an updat-
ed and annotated checklist of the Hydradephaga species
present in Switzerland. Resident species are thus distin-
guished from species mistakenly mentioned for Switzer-
land or insufficiently documented.

Material and methods

To present a comprehensive list of the Swiss Hydrade-
phaga and distribution maps based on all existing infor-
mation, we performed an exhaustive revision and ex-
amination of the relevant material housed in all Swiss
natural history museum collections following the same
methodology used for other beetle groups (e.g., Chittaro
et al. 2021; Sanchez and Chittaro 2022). The collections
in the following museums were studied (the contact per-
son is reported in parentheses after each institution):

AGRO Agroscope-Changins, Nyon (Stéve Breitenmoser)

BNM  Biindner Natur-Museum, Chur (Stephan Liersch)

ETH Eidgenossische-Technische Hochschule,
Ziirich (Michael Greeff)

HGSB Musée de I’Hospice du Grand-Saint-Bernard
(Jean-Pierre Voutaz)

KMLI Archdologie und Museum Baselland, Liestal
(Marc Limat)

LEBA Laboratoire d’écologie et de biologie aquatique,
Université de Geneve (Emmanuel Castella)

MHNF Musée d’histoire naturelle de Fribourg (Sophie
Giriens)

MHNG Muséum d’histoire naturelle, Genéve (Giulio
Cuccodoro)

MHNN Musée d’histoire naturelle de Neuchatel

(Jessica Litman)

alpineentomology.pensoft.net

MHNS Muséedelanature du Valais, Sion (Sonja Gerber)

MSNL Museo cantonale di storia naturale, Lugano
(Bérbel Koch)

MZL  Naturéum (formerly: Musée cantonal de
zoologie), Département de zoologie, Lausanne
(Anne Freitag)

MZA  Museum zu Allerheiligen, Schafthausen (Urs
Weibel)

NMAA Naturama, Aarau (Christian Sprecher)

NMB  Naturhistorisches Museum Basel (Matthias Borer)

NMBE Naturhistorisches Museum Bern (Hannes Baur)

NMLU Natur-Museum, Luzern (Marco Bernasconi)

NMO  Naturmuseum Olten (Pia Geiger)

NMSG Naturmuseum St. Gallen (Karin Urfer)

NMTG Naturmuseum Thurgau, Frauenfeld (Barbara
Richner)

NMSO Naturmuseum, Solothurn (Marc Neumann)

NMWI Naturhistorisches Museum, Winterthur (Sabri-

na Schnurrenberger)

We also cited data gathered from four museums out-
side Switzerland:

MCB
MHNL
MHNP
SMNS

Museo civico di Bolzano, Italy

Musée Guimet d’histoire naturelle, Lyon
Musée national d’Histoire naturelle, Paris
Staatlichen Museum fiir Naturkunde Stuttgart,
Germany

Moreover, we included data from the private collec-
tions of the authors, as well as those of the following
professional and amateur entomologists: Emil Birnstiel
(Zurich ZH), Mickaél Blanc (Sciez France), Hansjorg
Brigger (Bischofszell TG), Berndt Eismann (Kreuzlin-
gen TG), Christian Monnerat (Neuchatel NE), Arnaud
Vallat (La Chaux-de-Fonds NE), and André Wagner (Le
Sentier VD). Data from the following institutions were
also considered: Association de la Grande-Caricaie
AGC (Sophie Marti, Gaél Pétremand, Antoine Gander),
Haute école du paysage, d’ingénierie et d’architec-
ture de Genéve HEPIA (Beat Oertli, Eliane Demierre)
and of the Office cantonal de 1’eau, Genéve OCEau
(Arielle Cordonier).

All available data from the literature relevant for
Switzerland were also considered. The references from
these publications are included in the bibliography if they
are specifically cited in the text. Publications consulted
but not cited in the text are not mentioned.

We followed the nomenclature and systematics of the
“Catalogue of Palaearctic Coleoptera” (Hajek 2017a,
b, c; Hajek and Fery 2017; van Vondel 2017). The list
of the main synonyms of each taxon is provided in the
references and is therefore not reported here.

The specimens were identified using the following
publications: Holmen (1987), Foster and Friday (2011),
Freude (2011), and Nilsson and Holmen (1995). An illus-
tration of each species is provided in Héjek’s iconogra-
phies (2007, 2009).
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When not otherwise specified, general information
on species’ distributions is taken from the “Catalogue of
Palaearctic Coleoptera” (Lobl and Lobl 2017). We have
also used the relevant literature concerning the countries
and regions adjacent to Switzerland, such as Francisco-
lo (1979) for Italy and the regional treatment of Kahlen
and Hellrigl (1996) for South Tyrol/Alto Adige; Guignot
(1947) and Bameul and Queney (2014) for France and
regionally Callot (1990, 2018) for Alsace; Kdhler and
Klausnitzer (1998), Kohler (2000, 2011), and Bleich et
al. (2016) for Germany; as well as Brandstetter and Kapp
(1995) for Vorarlberg (Austria) and Liechtenstein.

Once an exhaustive list of species was compiled, we
followed the procedure proposed by Monnerat et al.
(2015) in order to assess which of these species should be
considered as belonging to the Swiss fauna. We only re-
tained species whose relative data were deemed sufficient
(unambiguous labeling, reliable collections, etc.) for in-
clusion on the national checklist.

Those species whose presence in Switzerland is sub-
stantiated by less than 30 valid observations are subject
to an additional comment. In these cases, species names
in the table are followed by a letter and a number in bold
(“C1” for example) and all the examined specimens
and published observations are mentioned in order to
document and justify the presence of these species in the
checklist. Unless otherwise specified, all examined mate-
rial was identified or reviewed by the first author.

Reliable identification is based on characters of the
male genitalia for some of Haliplus spp. and to distin-
guish some highly similar species groups found in Agabus
spp. For those species, only dissected males were counted
as “verified” records, while records based exclusively on
female specimens were omitted as unverifiable.

The specimens and literature-based records presented
here are listed in chronological order of discovery (or
publication date) and then in alphabetical order by locality,
depending on available information. All occurrences
are cited according to the following scheme: number of
specimens, locality (pre-2000 data) or municipality and
abbreviated canton (post-2000 data), date, collector,
determinator (in the case that the determinator was not
one of the authors), collection and official acronym of the
institution where the specimen is deposited.

Information about localities and dates are reported as
found on the labels. Interpretations of alphabetical abbre-
viations are placed within square brackets (“[ 7). In old
collections, the collector (leg.) is not always explicitly la-
belled. In such cases, we favored the « coll. » tag. In some
cases, the original collection holder was not labelled but
we were nonetheless able to identify the source of the col-
lection based on type labels and/or handwriting.

The collection of Charles Maerky, deposited in the
MHNG, has long been considered problematic (Monnerat
et al. 2015). In addition to specimens coming from his
personal collection (“coll. Maerky C.”), it also contains
insects from other sources (labelled, for instance, as “ex
coll. Melly A.”) but lacking any original labels. In such

cases, we maintained the “coll. Maerky C.” mention for
his whole collection to ensure the association of these
samples with the Maerky C. collection.

For literature-based data, detailed under ‘“Published
data”, we retained the locality as it appeared in the origi-
nal citation. We consider the “source” of the records to be
the author of the publication, for example: “Ormontsthal
by Venetz I. (Stierlin and Gautard 1867)”. If the same re-
cords have been published more than once, then only the
oldest publication is retained, given that localities in later
publications are often altered and sometimes truncated.

Among the data cited in this paper under “Examined
material” or “Published data”, we inserted a superscript
number code before those entries we considered insuf-
ficiently documented to be retained, using the following
code to describe error type (following Monnerat et al.
2015). Thus, if one of the following eight criteria is ful-
filled, a record is considered as doubtful:

. data source cannot be verified

. incorrect identification

. specimen from problematic collection

. specimen of unknown origin but attributed to a

Swiss locality

5. double labelling, original locality misinterpreted or
incorrectly copied

6. confusion between localities: original finding,
breeding or hatching place and collection storage
site

7. non-Swiss localities or potentially Swiss localities
that share their names with foreign place names
(and thus of dubious Swiss origin)

8. chorological or ecological inconsistencies

AW N —

Abbreviations used: coll. = collection, det. = determi-
nator, ex. = specimen, leg. = collector. Abbreviated Swiss
cantons (only cantons cited in the text): AG = Aargau,
BE = Bern, BL = Basel-Landschaft, FR = Fribourg,
GE = Geneva, GR = Grisons, JU = Jura, NE = Neucha-
tel, OW = Obwald, SG = St. Gallen, SH = Schaffhausen,
SO = Solothurn, TI = Ticino, TG = Thurgau, UR = Uri,
VD = Vaud, VS = Valais, ZH = Zurich.

Results
Swiss Hydradephaga list

For the basis of this work, we compiled 43,770 Swiss
occurrences of Hydradephaga. In total, 72% of them
concern specimens deposited in museums, 8% come
from the literature, and 20% from other sources (private
collectors, volunteer observers, research institutes, or
ecology offices).

The 139 species of Hydradephaga listed in bold and
without square brackets “[ ]” currently do or formerly
did form populations in Switzerland, even if only scant
information is available for many of them. The most spe-
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cies-rich family is Dytiscidae (113 species), followed by
Haliplidae (16 species), Gyrinidae (7 species), Noteridae
(2 species), and Hygrobiidae (1 species).

On the other hand, the 53 species listed in square
brackets “[ ]” should not be considered as belonging to
the Swiss fauna until new data show otherwise. In this
category, we placed species whose individuals come from
problematic collections, such as Charles Maerky’s or Max
Téaschler’s (Monnerat et al. 2015), and those that were
erroneously mentioned for Switzerland due to incorrect
identifications and those cited in old publications, like
Stierlin and Gautard (1867), without reference to specific
individuals and consequently considered doubtful. Other
species may eventually be found in the Swiss territory but
currently available data are not sufficient to confirm their
establishment in Switzerland.

To facilitate searching for species in this document,
taxa appear in alphabetical order for families, sub-
families, tribes, subtribes, genera, subgenera, species,
and subspecies.

Updated distribution maps of these species are avail-
able on the info fauna cartographic server (https://lepus.
infofauna.ch/carto/). All the valid data are also avail-
able on http://www.GBIF.org (https://doi.org/10.15468/
dl.env254).

Checklist of the Swiss species

DYTISCIDAE Leach, 1815

AGABINAE C.G. Thomson, 1867

Agabini C.G. Thomson, 1867

[Agabus (Acatodes) arcticus arcticus (Paykull, 1798)] C1
Agabus (Acatodes) congener (Thunberg, 1794)
Agabus (Acatodes) lapponicus (C.G. Thomson, 1867)
Agabus (Acatodes) sturmii (Gyllenhal, 1808)

[Agabus (Acatodes) thomsoni (J.R. Sahlberg, 1871)] C2
Agabus (Agabus) labiatus (Brahm, 1790)

Agabus (Agabus) uliginosus (Linnaeus, 1760)
Agabus (Agabus) undulatus (Schrank, 1776)

Agabus (Gaurodytes) affinis (Paykull, 1798)

Agabus (Gaurodytes) biguttatus (Olivier, 1795)
Agabus (Gaurodytes) bipustulatus (Linnaeus, 1767)
Agabus (Gaurodytes) brunneus (Fabricius, 1798) C3
Agabus (Gaurodytes) didymus (Olivier, 1795)

Agabus (Gaurodytes) guttatus guttatus (Paykull, 1798)
Agabus (Gaurodytes) melanarius Aubé, 1837

Agabus (Gaurodytes) nebulosus (Forster, 1771)
Agabus (Gaurodytes) paludosus (Fabricius, 1801)
[Agabus (Gaurodytes) striolatus (Gyllenhal, 1808)] C4
Ilybius aenescens C.G. Thomson, 1870

Ilybius ater (De Geer, 1774)

Ilybius chalconatus (Panzer, 1796)

Ilybius crassus C.G. Thomson, 1856 CS

Ilybius erichsoni (Gemminger & Harold, 1868) C6
Ilybius fenestratus (Fabricius, 1781)

Ilybius fuliginosus fuliginosus (Fabricius, 1792)
Ilybius guttiger (Gyllenhal, 1808)
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[Zlybius meridionalis Aubé, 1837] C7
[Zlybius montanus (Stephens, 1828)] C8
Ilybius neglectus (Erichson, 1837) C9
Ilybius quadriguttatus (Lacordaire, 1835)
[Zlybius similis C.G. Thomson, 1856] C10
Ilybius subaeneus Erichson, 1837 C11
[Zlybius subtilis Erichson, 1837] C12
Platambus maculatus (Linnaeus, 1758)

CoLYMBETINAE Erichson, 1837

Colymbetini Erichson, 1837

Colymbetes fuscus (Linnaeus, 1758)

[Colymbetes striatus (Linnaeus, 1758)] C13
[Meladema coriacea Laporte, 1835] C14

Rhantus (Nartus) grapii (Gyllenhal, 1808)
Rhantus (Rhantus) bistriatus (Bergstrisser, 1777) C15
[Rhantus (Rhantus) consputus (Sturm, 1834)] C16
Rhantus (Rhantus) exsoletus (Forster, 1771)
Rhantus (Rhantus) frontalis (Marsham, 1802) C17
Rhantus (Rhantus) latitans Sharp, 1882

Rhantus (Rhantus) notaticollis (Aubé, 1837) C18
Rhantus (Rhantus) suturalis (W.S. Macleay, 1825)
Rhantus (Rhantus) suturellus (Harris, 1828) C19

COPELATINAE Branden, 1885
Copelatini Branden, 1885
Liopterus haemorrhoidalis (Fabricius, 1787)

CYBISTRINAE Sharp, 1880

Cybistrini Sharp, 1880

Cybister (Cybister) lateralimarginalis lateralimarginalis
(De Geer, 1774)

DytiscINAE Leach, 1815

Aciliini C.G. Thomson, 1867

Acilius (Acilius) canaliculatus (Nicolai, 1822)
Acilius (Acilius) sulcatus (Linnaeus, 1758)
Graphoderus austriacus (Sturm, 1834) C20
Graphoderus bilineatus (De Geer, 1774)
Graphoderus cinereus (Linnaeus, 1758)
Graphoderus zonatus zonatus (Hoppe, 1795) C21

Dytiscini Leach, 1815

Dytiscus circumcinctus Ahrens, 1811 C22
Dytiscus circumflexus Fabricius, 1801 C23
Dytiscus dimidiatus Bergstrisser, 1777 C24
[Dytiscus lapponicus Gyllenhal, 1808] C25
Dytiscus latissimus Linnaeus, 1758 C26
Dytiscus marginalis marginalis Linnaeus, 1758
Dytiscus semisulcatus O.F. Miiller, 1776

Eretini Crotch, 1873
[Eretes sticticus (Linnaeus, 1767)] C27

Hydaticini Sharp, 1882

[Hydaticus (Hydaticus) aruspex Clark, 1864] C28

[Hydaticus (Hydaticus) continentalis J. Balfour-Browne,
1944] C29
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Hydaticus (Hydaticus) seminiger (De Geer, 1774)

Hydaticus (Hydaticus) transversalis transversalis (Pon-
toppidan, 1763) C30

Hydaticus (Prodaticus) grammicus (Germar, 1827) C31

[Hydaticus (Prodaticus) leander (P. Rossi, 1790)] C32

HYDROPORINAE Aubé, 1836

Bidessini Sharp, 1882

[Bidessus coxalis Sharp, 1882] C33
Bidessus delicatulus (Schaum, 1844) C34
Bidessus grossepunctatus Vorbringer, 1907
Bidessus minutissimus (Germar, 1823) C35
[Bidessus pumilus (Aubé, 1838)] C36
[Bidessus saucius (Desbrochers des Loges, 1871)] C37
Bidessus unistriatus (Goeze, 1777)
Hydroglyphus geminus (Fabricius, 1792)
Yola bicarinata bicarinata (Latreille, 1804)

Hydroporini Aubé, 1836

Deronectina Galewski, 1994

Boreonectes alpestris Dutton & Angus, 2007 C38

[Boreonectes inexpectatus Dutton & Angus, 2007] C38

Boreonectes griseostriatus griseostriatus (De Geer,
1774) C38

Deronectes aubei aubei (Mulsant, 1843)

[Deronectes faimairei (Leprieur, 1876)] C39

Deronectes latus (Stephens, 1829)

Deronectes moestus inconspectus (Leprieur, 1876) C40

[Deronectes opatrinus (Germar, 1823)] C41

[Deronectes platynotus platynotus (Germar, 1834)] C42

[Deronectes semirufus (Germar, 1844)] C43

Nebrioporus assimilis (Paykull, 1798) C44

Nebrioporus canaliculatus (Lacordaire, 1835) C45

[Nebrioporus depressus (Fabricius, 1775)] C46

Nebrioporus elegans (Panzer, 1794)

[Oreodytes alpinus (Paykull, 1798)] C47

Oreodytes davisii davisii (Curtis, 1831)

Oreodytes sanmarkii sanmarkii (C.R. Sahlberg, 1826)

Oreodytes septentrionalis (Gyllenhal, 1826)

Scarodytes halensis (Fabricius, 1787)

Stictotarsus duodecimpustulatus (Fabricius, 1792)

Hydroporina Aubé, 1836
Hydroporus angustatus Sturm, 1835
Hydroporus  discretus  discretus
Brisout, 1859
[Hydroporus dorsalis (Fabricius, 1787)] C48
[Hydroporus elongatulus Sturm, 1835] C49
Hydroporus erythrocephalus (Linnaeus, 1758)
Hydroporus ferrugineus Stephens, 1829
Hydroporus figuratus (Gyllenhal, 1826) C50
Hydroporus foveolatus Heer, 1840
[Hydroporus geniculatus C.G. Thomson, 1856] C51
[Hydroporus gyllenhalii Schiedte, 1841] CS2
Hydroporus incognitus Sharp, 1869
Hydroporus kraatzii Schaum, 1867 C53
Hydroporus longicornis Sharp, 1871 C54
Hydroporus longulus Mulsant & Rey, 1861

Fairmaire &

Hydroporus marginatus (Duftschmid, 1805)
Hydroporus melanarius Sturm, 1835
Hydroporus memnonius Nicolai, 1822
[Hydroporus morio Aubé, 1838] C55
Hydroporus neglectus Schaum, 1845
Hydroporus nigellus Mannerheim, 1853
Hydroporus nigrita (Fabricius, 1792)
[Hydroporus notatus Sturm, 1835] C56
Hydroporus obscurus Sturm, 1835
[Hydroporus obsoletus Aubé, 1838] C57
Hydroporus palustris (Linnaeus, 1760)
Hydroporus planus (Fabricius, 1782)
Hydroporus pubescens (Gyllenhal, 1808)
Hydroporus rufifrons (O.F. Miiller, 1776)
Hydroporus sabaudus sabaudus Fauvel, 1865
Hydroporus scalesianus Stephens, 1828 C58
[Hydroporus striola (Gyllenhal, 1826)] C59
[Hydroporus tessellatus (Drapiez, 1819)] C60
Hydroporus tristis (Paykull, 1798)
Hydroporus umbrosus (Gyllenhal, 1808)

Siettitiina Smrz, 1982

Graptodytes bilineatus (Sturm, 1835)
[Graptodytes flavipes (Olivier, 1795)] C61
Graptodytes granularis (Linnaeus, 1767)
[Graptodytes ignotus (Mulsant & Rey, 1861)] C62
Graptodytes pictus (Fabricius, 1787)
[Graptodytes varius (Aubé, 1838)] C63
[Metaporus meridionalis (Aubé, 1838)] C64
Porhydrus lineatus (Fabricius, 1775)
Rhithrodytes crux (Fabricius, 1792) C65
[Stictonectes lepidus (Olivier, 1795)] C66

Hydrovatini Sharp, 1880
[Hydrovatus clypealis Sharp, 1876] C67
Hydrovatus cuspidatus (Kunze, 1818)

Hygrotini Portevin, 1929

Hygrotus (Coelambus) confluens (Fabricius, 1787) C68

Hygrotus (Coelambus) impressopunctatus (Schaller,
1783)

[Hygrotus (Coelambus) parallelogrammus (Ahrens,
1812)] C69

Hygrotus (Hygrotus) decoratus (Gyllenhal, 1810)

Hygrotus (Hygrotus) inaequalis (Fabricius, 1777)

Hygrotus (Hygrotus) quinquelineatus (Zetterstedt,
1828) C70

Hygrotus (Hygrotus) versicolor (Schaller, 1783)

Hyphydrini Gistel, 1848
[Hyphydrus aubei Ganglbauer, 1891] C71
Hyphydrus ovatus (Linnaeus, 1760)

LAccoPHILINAE Gistel, 1848
Laccophilini Gistel, 1848

Laccophilus hyalinus (De Geer, 1774)
Laccophilus minutus (Linnaeus, 1758)
Laccophilus poecilus Klug, 1834
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GYRINIDAE Latreille, 1810

GYRININAE Latreille, 1810

Gyrinini Latreille, 1810

[Aulonogyrus (Aulonogyrus) striatus (Fabricius, 1792)] C72
Gyrinus (Gyrinulus) minutus Fabricius, 1798
[Gyrinus (Gyrinus) aeratus Stephens, 1835] C73
[Gyrinus (Gyrinus) caspius Ménétriés, 1832] C74
[Gyrinus (Gyrinus) colymbus Erichson, 1837] C75
[Gyrinus (Gyrinus) dejeani Brullé, 1832] C76
Gyrinus (Gyrinus) distinctus Aubé, 1838

Gyrinus (Gyrinus) marinus Gyllenhal, 1808
[Gyrinus (Gyrinus) natator (Linnaeus, 1758)] C77
[Gyrinus (Gyrinus) opacus C.R. Sahlberg, 1819] C78
Gyrinus (Gyrinus) paykulli G. Ochs, 1927

Gyrinus (Gyrinus) substriatus Stephens, 1828
Gyrinus (Gyrinus) suffriani W. Scriba, 1855
[Gyrinus (Gyrinus) urinator llliger, 1807] C79

Orectochilini Régimbart, 1882
Orectochilus villosus villosus (O.F. Miiller, 1776)

HALIPLIDAE Aubé, 1836

Brychius elevatus (Panzer, 1793)

[Brychius glabratus (A. Villa & G.B. Villa, 1835)] C80
Haliplus (Haliplidius) confinis Stephens, 1828
Haliplus (Haliplidius) obliquus (Fabricius, 1787)
[Haliplus (Haliplus) apicalis C.G. Thomson, 1868] C81
Haliplus (Haliplus) fluviatilis Aubé, 1836

[Haliplus (Haliplus) fulvicollis Erichson, 1837] C82
Haliplus (Haliplus) heydeni Wehncke, 1875

Haliplus (Haliplus) immaculatus Gerhardt, 1877 C83
[Haliplus (Haliplus) lineolatus Mannerheim, 1844] C84
Haliplus (Haliplus) ruficollis (De Geer, 1774)
Haliplus (Haliplus) sibiricus Motschulsky, 1860
Haliplus (Liaphlus) flavicollis Sturm, 1834

Haliplus (Liaphlus) fulvus (Fabricius, 1801) C85
Haliplus (Liaphlus) laminatus (Schaller, 1783)
Haliplus (Liaphlus) mucronatus Stephens, 1828 C86
Haliplus (Liaphlus) variegatus Sturm, 1834

Haliplus (Neohaliplus) lineatocollis (Marsham, 1802)
Peltodytes caesus (Duftschmid, 1805)

Peltodytes rotundatus (Aubé, 1836) C87

HYGROBIIDAE Régimbart, 1879
Hygrobia hermanni (Fabricius, 1775) C88

NOTERIDAE C.G. Thomson, 1860
Noterinae C.G. Thomson, 1860
Noterini C.G. Thomson, 1860

Noterus clavicornis (De Geer, 1774)
Noterus crassicornis (O. F. Miiller, 1776)

Commented species

C1) [Agabus (Acatodes) arcticus arcticus (Paykull, 1798)]

Examined material. +®1 ex., Luzern, Birregg, X1.1927,
leg. Huber A., NMLU.
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Comment. Of the three subspecies of Agabus arcticus,
the nominal subspecies is distributed in the northern Pa-
laearctic (Hajek 2017a). Its presence in Switzerland seems
unlikely since its European distribution is limited to Fin-
land, Great Britain, Ireland, Norway, Russia (North Euro-
pean Territory), and Sweden. The single specimen found in
the collections consulted was probably mislabeled.

C2) [Agabus (Acatodes) thomsoni (J.R. Sahlberg, 1871)]

Published data. ' Am Roseg im Engadin by von Hey-
den L. (Stierlin 1883).

Comment. The only occurrence of this species in
Switzerland is a very old and unverifiable literature men-
tion. The presence of this species in Switzerland is high-
ly unlikely, as it is only known in Europe from Finland,
Norway, Russia (North European Territory), and Sweden.
All citations of A. thomsoni in the Alps must be regarded
as doubtful (Nilsson 1987).

C3) Agabus (Gaurodytes) brunneus (Fabricius, 1798)

Examined material. >*91 ex., Alpes, Grisons, leg. and coll.
Maerky C., MHNG; 3491 ex., Suisse, leg. Sechehaye A.,
coll. Maerky C., MHNG; 34491 ex., Alpes, Gemmi, 24.VII,
leg. and coll. Maerky C., MHNG; 34691 ex., Genéve, V1.,
leg. Toumayeff G., MHNG; 1 ex., Pfeffers, 30.VIL.1903,
leg. and coll. Gaud A., MZL; 1 ex., Chiasso, Faloppia,
2.V1.1915, leg. and coll. Fontana P., MSNL; 7 ex., Mendri-
sio TI, 21.X.2021, leg. and coll. Cosandey V.; 4 ex., Coldre-
rio T1, 22.V.2023, leg. and coll. Chittaro Y. and Sanchez A.

Published data. VPfeffers by von Heyden L. (Stierlin
and Gautard 1867).

Comment. Considered potentially extinct by Carron
(2005), this species was recently rediscovered in the ex-
treme south of the canton of Ticino, in the continuity of
its distribution in Italy (Franciscolo 1979). Contrary to
the information given by Brancucci (1994), A. brunneus
is present only south of the Alps, and absent from the
north. In France, it is common in the south but rarer in the
north (Guignot 1947).

C4) [Agabus (Gaurodytes) striolatus (Gyllenhal, 1808)]

Published data. +°®3 ex., Suisse, coll. Falcoz, MHNL,
det. Carron G. (Carron 2005).

Comment. Agabus striolatus is mentioned from Swit-
zerland on the basis of three specimens with imprecise la-
beling, deposited in the Falcoz collection in Lyon, France
(Carron 2005). These data are insufficient to include the
species in the Swiss fauna, as already suggested by Carron
(2005). It is widely distributed in Europe, from northern
France (Guignot 1947; Bameul and Queney 2014) and
Great Britain to Scandinavia and western Russia (Nils-
son and Holmen 1995; Hajek 2017a). Agabus striolatus is
mentioned by dubious sources in Alsace and is therefore
not retained by Callot (2018). The nearest population of
this species is located more than 150 km from the Swiss
border, in southern Germany (Bleich et al. 2016).
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C5) Ilybius crassus C.G. Thomson, 1856

Examined material. >*91 ex., Alpes, Savi¢se, leg. and
coll. Maerky C., MHNG; 3491 ex., Schweiz, coll. Stae-
hlin-Bischoff H., NMB; 392 ex., Suisse, leg. Turretini,
coll. Maerky, MHNG; 1 ex., Kt. Bern, Gr. Scheidegg,
VIII.1941, leg. and coll. Linder A., ETH; 1 ex., Le Sen-
tier, marais, 7.V.1959, leg. Rehfous M., MHNG; 8 ex.,
Veveyse, F. David [Fontannaz-David], 20.VIL.1959, leg.
and coll. Scherler P., NMBE; 2 ex., Kt. Bern, Habkern,
VIIL.1972, leg. and coll. Linder A., ETH; 1 ex., BE, Grin-
delwald, 16.VII.1979, leg. Anonymous, NMBE; 2 ex.,
Pontins, st. 15, 1995, leg. Carron G., ETH; 1 ex., Val-
de-Ruz NE, 18.VII1.2023, leg. Chittaro Y.; 9 ex., Grin-
delwald BE, 21.VII1.2023, leg. and coll. Chittaro Y. and
Sanchez A.

Published data. 1 ex., in einem kleinen Tiimpel
auf der grossen Scheidegg, VIII.1941, by Linder A.
(Linder 1946).

Comment. This species is mainly found in central and
northern Europe, from Switzerland and southern Germa-
ny (Kohler and Klausnitzer 1998; Bleich et al. 2016) to
Scandinvia. It was not cited from France by Bameul and
Queney (2014), nor from Italy by Franciscolo (1979). In
Switzerland, I. crassus occurs in a few peat bogs in the
Jura mountains, as well as in a few high elevation peat
bogs in the northern Alps (BE) (Fig. 2).

C6) Ilybius erichsoni (Gemminger & Harold, 1868)

Examined material. 2 ex., Aletsch, leg. and coll.
Bugnion E., MZL; 3492 ex., Saviése, 5.VIIL., leg. and
coll. Maerky C., MHNG; 1 ex., GR, Celerina, VIII.1955,
leg. Toumayeff G., MHNG; 8 ex., Graubiinden, Alp
Griim, 3.VII.1961, leg. and coll. Wolf J.-P., ETH; 3 ex.,
GR, A. Griim, VI.1962, leg. Toumayeff G., MHNG; 4
ex., Valais, Lac Ar-Pitetta s/Zinal, 25.VIII.1963, leg.
Toumayeff G., MHNG; 2 ex., Moosalp sur Biirchen,
11.VIL.1974, leg. and coll. Scherler P., NMBE; 1 ex.,
Bonigersee, 17.1X.1993, leg. Rotzer A., MZL; 2 ex.,
Moosalp, Postautohalt, 31.V.1994, leg. Rotzer A., MZL;
1 ex., [Seelein, Bettmeralp], 2.VIII.1996, leg. Carron G.,
LEBA; 3 ex., Anniviers VS, 30.V1.2001, leg. Carron G.,
ETH; 1 ex., Torbel VS, 1.VIL.2001, leg. Carron G., ETH;
12 ex., Biirchen VS, 13.VI1.2004, leg. Carron G., ETH;
45 ex., Biirchen VS, 12.V1.2005, 16.V1.2005, leg. Carron
G., ETH; 4 ex., Biirchen VS, 2.VI.2021, leg. and coll.
Chittaro Y. and Cosandey V.; 3 ex., 2.VIL.2021, Torbel
VS, leg. and coll. Cosandey V.; 7 ex., Anniviers VS,
19.VII1.2021, leg. and coll. Cosandey V.; 3 ex., Torbel
VS, 8.IX.2023, leg. and coll. Chittaro Y. and Sanchez A.

Published data. 1 @, Toerbel, Breitmattsee, 2047m
by Rotzer A. (recorded as Agabus nigroaeneus) (Rotzer
1989); Wallis, Goppisberg, Scheene Bodu, 20.VII.1987
and Wallis, Torbel, Breitmattsee, 7.VIL.1987 by Rotzer A.
(Brancucci and Rotzer 1989).

Comment. In Switzerland, this species is present only
in the Alps, where it is extremely localized (Fig. 2). Tar-
geted surveys of Alpine ponds have found it in abundance

at historic sites, but no new sites could be found. Poten-
tially, I. erichsoni may be outcompeted by 4. bipustula-
tus, as these two species have never been found together
in Switzerland. Ilybius erichsoni has a Holarctic distribu-
tion, being present in the Palaearctic region from Scan-
dinavia to Japan, but also in central Europe, Italy, and
Switzerland (Nilsson and Holmen 1995). Although it
has never been reported in France (Bameul and Queney
2014), it could be present there.

C7) [lybius meridionalis Aubé, 1837]

Examined material. >*®2 ex., Tessin, leg. Frey-Gessner
E., coll. Maerky C., MHNG.

Published data. 3>4®2 ex., Tessin by Frey-Gessner E.,
MHNG (Carron 2005).

Comment. In Europe, this species occurs in France
(Guignot 1947; Bameul and Queney 2014) and Italy (Fran-
ciscolo 1979) in the western Mediterranean region (Guignot
1947). As already announced by Carron (2005), I. meridio-
nalis is absent from Switzerland; the only Swiss occur-
rence comes from the problematic collection of C. Maerky
(Monnerat et al. 2015) and should not be considered.

C8) [Ilybius montanus (Stephens, 1828)]

Examined material. **91 ex., Alpes, Louéche, 2.VIL.,
leg. and coll. Maerky C., MHNG.

Comment. Although this species is widely distributed
in Europe and North Africa, it is not considered part of the
Swiss fauna. Indeed, the only Swiss occurrence comes
from the problematic collection of C. Maerky (Monnerat
et al. 2015). This species remains potential for Switzer-
land as it has been found in the neighboring regions of
Alsace and Bas-Rhin (Callot 1990, 2018) as well as in
Baden in southern Germany (Kdhler 2011).

C9) Ilybius neglectus (Erichson, 1837)

Examined material. 1 ex., Schaffhausen, Schaaren,
leg. Boschenstein A., NMSH; 1 ex., Stein a. Rhein, leg.
Boschenstein A., NMSH; 1 ex., Niirensdorf, 28.VI.1855,
coll. Dietrich K., ETH; 1 ex., Suisse, Vaud, Boussens,
1956, leg. Barbey, MZL; 1 ex., Mollens VD, 2.VI.2016,
leg. and coll. Chittaro Y.; 1 ex., Mollens VD, 8.1V.2017,
leg. and coll. Cosandey V,; 1 ex., Mollens VD, 31.V.2018,
leg. and coll. Chittaro Y.; 2 ex., Ballens VD, 3.VII[.2021,
leg. and coll. Chittaro Y.; 2 ex., Riimlang ZH, 23.V.2022,
leg. and coll. Birnstiel E.; 4 ex., Riimlang ZH, 1.V1.2022,
leg. and coll. Birnstiel E.; 1 ex., Mollens VD, 18.1V.2023,
27.V.2023, leg. and coll. Chittaro Y.; 2 ex., Thal SG,
1.V.2023, leg. and coll. Sanchez A.; 1 ex., Schaffhausen
SH, 3.V.2023, leg. and coll. Sanchez A.

Published data. Marais de Kloten, 13.IX.1967,
20.IX.1967,29.VII.1970 by Gassmann M., det. Schaeflein
H. (Gassmann 1974).

Comment. This species has a northern distribution
and reaches Switzerland at its extreme southern limit, as
already indicated by Carron (2005). It is now known from
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a few localities in northeastern Switzerland and two iso-
lated localities in the canton of Vaud. Sporadically pres-
ent in the northern half of France (Bameul and Queney
2004), it is known from Alsace (Callot 1990, 2018),
Vorarlberg (Brandstetter and Kapp 1995), and southern
Germany (Kohler and Klausnitzer 1998; Kohler 2000;
Bleich et al. 2016). Additional populations are likely to
be found in northern Switzerland.

C10) [Ilybius similis C.G. Thomson, 1856]

Published data. "CH [Switzerland] (Brancucci 1994).

Comment. This species is mainly found in northern Eu-
rope and is not known from regions neighbouring Switzer-
land; in France, it is only mentioned in Finistére, Vienne,
and Haute-Vienne (Bameul and Queney 2014) and only a
few old records (before 1950) indicate it occurs in south-
ern Germany, in the Land Bayern (Kdhler and Klausnitzer
1998). Ilybius similis does not occur in Switzerland; it is
only mentioned in the Swiss red list (Brancucci 1994) and
no specimen deposited in Swiss natural history collections
support its presence in the country.

C11) Ilybius subaeneus Erichson, 1837

Examined material. 1 ex., Batiaz, coll. Cerutti N.,
MHNF; 1 ex., Bern, leg. and coll. Burghold W., NMBE;
3491 ex., Suisse, Bienne, leg. Fries A., coll. Maerky C.,
MHNG; 1 ex., Martig. [Martigny], leg. Favre E., coll.
Moritz P., MHNS ; 3491 ex., Kt. Wallis, leg. Tédschler M.,
coll. Linder A., ETH; 1 ex., S. Léon. [St-Léonard], leg.
and coll. Berhaut J., MHNS; 1 ex., Wallis, leg. Anony-
mous, ETH; 1 ex., Kt. Wallis, Siders, VI.1939, leg. and
coll. Linder A., ETH ; 1 ex., Pte a la Bise, 20.1X.1946,
leg. Simonet J., MHNG ; 1 ex., Suisse, Vaud, La Chaux,
27.V.1951, leg. Besuchet C., MZL; 1 ex., Hermance, Lac
Léman, 25.V.1958, leg. Rehfous M., MHNG.

Published data. VKatzensee (Heer 1841) ; VSchaffhausen
by Stierlin G. (Stierlin and Gautard 1867) ; YLugano by Forel
A.-H. (Stierlin 1883) ; YChatelard and ?Trient by Favre E.
(Favre 1890) ; USt. Gallen by Miiller-Rutz J. (Miiller 1904);
IThal, b. Fuchsloch, VII.1957 by Hugentobler H. (Hugento-
bler 1966) ; "Grangettes, 1996, 1997 (Naceur 1997).

Comment. A few sparse occurrences of 1. subaeneus
exist in Switzerland, mainly in the canton of Valais and
in the Lake Geneva region. The specimen cited from Tri-
ent by Favre (1890) was in fact an 1. fenestratus, while
the one from Thal cited by Hugentobler (1966) was an
L ater. Ilybius subaeneus is a Holarctic species known
from southern Germany (Kohler and Klausnitzer 1998),
near Basel (Bleich et al. 2016), and from northern France
(Guignot 1947; Bameul and Queney 2014). Given these
distribution data, observations in northern Switzerland
cannot be ruled out.

C12) [Ilybius subtilis Erichson, 1837]

Published data. DAigle (Heer 1841); Yau-dessus du gla-
cier d’Aletsch by Martin C. (Favre 1890).
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Comment. In Switzerland, only two occurrences in
the older literature exist, which is insufficient to include
this species in the Swiss fauna. As Carron (2005) already
pointed out, depending on the localities, it is very like-
ly that the specimen cited by Favre (1890) was Ilybius
erichsoni and that cited by Heer (1841) was Agabus
melanarius. Ilybius subtilis is known from Alsace (Callot
1990, 2018), where it colonises ponds in dark forests, and
from southern Germany (Kohler and Klausnitzer 1998),
where the nearest localities are more than 150 km from
the Swiss border (Bleich et al. 2016). The presence of this
northern European and Siberian species in Switzerland is
possible but needs to be confirmed.

C13) [Colymbetes striatus (Linnaeus, 1758)]

Comment. As Carron (2005) mentioned, there was one
misidentified specimen of Colymbetes striatus (Peney
GE, 1895, leg. Tournier H.) in the collections of the
MHNG, which was in fact a C. fuscus. Without any con-
crete evidence, this species is therefore not considered
indigenous in Switzerland, although it is widespread
throughout the Palaearctic region.

C14) [Meladema coriacea Laporte, 1835]

Examined material. >4%®1 ex., Sierne, 18.V,, leg. Anon-
ymous, coll. Maerky C., MHNG.

Comment. The only specimen of M. coriacea la-
belled as Swiss comes from the problematic collection
of Charles Maerky and must be regarded as a doubtful
record. Consequently, this species is not included in the
Swiss list. According to Guignot (1947), it occurs in the
Mediterranean area, including its islands, Portugal, and
North Africa. In France, this species is present in the
Mediterranean area and in Corsica (Bameul and Queney
2014). In Italy, its nearest populations are located more
than 200 km from the Swiss border (Franciscolo 1979).

C15) Rhantus (Rhantus) bistriatus (Bergstrisser, 1777)

Examined material. 3492 ex., Bern, leg. and coll.
Burghold W., NMBE; 391 ex., Schafth., coll. Stier-
lin G., ETH; 3491 ex., Schweiz, leg. Stachlin-Bischoff,
NMB; 1 ex., Valais, leg. Favre E., MHNG; 3491 ex., Su-
isse, Bienne, 11.VI,, leg. and coll. Maerky C., MHNG; 1
ex., Genéve, Veyrier, 25.VIL., leg. Huber A., NMLU; 1
ex., Martigny, 7.V1.1886, leg. Gaud A., MZL; 1 ex., Lac
Léman, 1.VIL.1925, leg. Huber A., NMLU; 1 ex., Petite
Grave, 4.V.1957, leg. Rehfous M., MHNG.

Published data. "Bern by Heer O. (Stierlin and Gau-
tard 1867) ; Ymares entre le Guercet et le pont vers ’Eg-
lise de Fully and YPraz-Pourris, prés Vétroz by Favre E.
(Favre 1890) ; 3*9Schaffhausen by Stierlin G., Martigny
VS by Gaud A. (MZL) and Region Genf (Carron 2005).

Comment. As already mentioned by Carron (2005),
this species is only represented in collections by histori-
cal specimens, the last record dating from 1957. Although
considered highly threatened by Brancucci (1994), it is
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more likely that this species is now extinct in Switzerland.
Rhantus bistriatus is widely distributed in the Palaearctic
region; it is present in the northern half and central France
(Bameul and Queney 2014) but absent from Alsace (Cal-
lot 2018), and uncommon in southern Germany (Kohler
and Klausnitzer 1998; Bleich et al. 2016).

C16) [Rhantus (Rhantus) consputus (Sturm, 1834)]

Examined material. >*92 ex., Schafth., coll. Stierlin G.,
ETH; 391 ex., Suisse, Argovie, leg. and coll. Maerky
C., MHNG.

Published data. "Bern by Perty M. (Heer 1837); 349
Schafthausen by Stierlin G. (Stierlin and Gautard 1867);
YValais by Fauvel C.A.A. (Guignot 1931-1933); Y'CH
[Switzerland] (Brancucci 1994).

Comment. This species has a west-palaearctic distri-
bution. It is not considered part of the Swiss fauna because
the only existing specimen comes from the problematic
collection of C. Maerky, while the literature occurrences
cannot be verified. It is mentioned in Alsace (Callot 1990,
2018) in France, in Vorarlberg near Bregenz (Brandstet-
ter and Kapp 1995) in Austria, and in southern Germany
(Kohler and Klausnitzer 1998). Its presence in Switzer-
land is therefore potential but needs to be confirmed.

C17) Rhantus (Rhantus) frontalis (Marsham, 1802)

Examined material. 1 ex., Genéve, Versoix, 10.V1.1924,
leg. Huber A., NMLU; 1 ex., Geneve, Veyrier,
25.VI1.1924, leg. Huber A., NMLU; 2 ex., Lac Léman,
1.VIL.1925, leg. Huber A., NMLU; 1 ex., Kt. Bern,
Hindelbank, VIII.1969, leg. and coll. Linder A., ETH;
1 ex., CH, BE, Ins, Landw. Schule, 12.VII.1977, leg.
Reser-Rezbanyai L., NMLU.

Published data. "Bern by Ougspurger F. P. von and
Perty M., YGenf by Chevrier F. and Lasserre H., Yim
Jura by Mellet L., YMalans by Amstein J. G., DZiirich by
Heer O. (Heer 1837); "Pomy (Heer 1841); "Engadin by
Meyer-Diir R. L., PSaas by de Bonvouloir H. A. (Stierlin
and Gautard 1867); YSt. Gallen by Taschler M. (Téschler
1872); PSchaffhausen (Stierlin 1900).

Comment. Although this species is widely distributed
in the Palaearctic region, its presence is attested by only
a few occurrences in Switzerland, the last record dating
from 1977. It has been collected in Liechtenstein near
Ruggell (Brandstetter and Kapp 1995) and in southern
Germany near Lake Constance (Bleich et al. 2016), so
rediscoveries in northern Switzerland are still possible.

C18) Rhantus (Rhantus) notaticollis (Aubé, 1837)

Examined material. 3 ex., Filisur, leg. Wolf E., coll.
Wolf J.-P., ETH; 1 ex., Gampel, 24.V1.1926, leg. Bucher
P, NMBE; 8 ex., Mittelwallis, 24.V1.1926, leg. Bucher
P, NMBE; 2 ex., Domleschg, Cazis, 7.VII.1937, leg.
Wolf J.-P., ETH; 1 ex., Domleschg, Rodels, 28.VIII.1938,
leg. Wolf J.-P., ETH; 11 ex., Domleschg, Rothenbr.,
31.VIL.1938, leg. Wolf J.-P., ETH; 7 ex., Domleschg,

Roth. [Rothenbrunnen], 3.1X.1938, leg. Wolf J.-P., ETH;
5 ex., Kt. Wallis, Gampel, VI.1942, leg. and coll. Linder
A., ETH; 11 ex., Kt. Wallis, Leuk, VI.1942, leg. and coll.
Linder A., ETH; 1 ex., Martigny, VI.1945, leg. Linsen-
maier W., NMLU; 491 ex., Wiilflingen, VI.1959, leg. Hu-
ber H., NMWI; 1 ex., Bevers, 19.VI[.1971, leg. and coll.
Scherler P., NMBE.

Published data. Sitten by Isenschmid M. (Stierlin
1883); Saxon, coll. Cerutti N. (Linder 1941); Tiimpeln
langs der Rhone bei Leuk und Gampel, VI.1942, by Kalt,
Pochon H. and Linder A. (Linder 1946).

Comment. This Palaearctic species occurs from central
and northern Europe to Japan (Nilsson and Holmen 1995).
In Switzerland it has been caught numerous times in Va-
lais and Grisons until 1971. These populations are now
extinct, but it is interesting to note that they were the most
southernly known. Indeed, R. notaticollis is sparsely dis-
tributed in France in the Vosges and Isére, where targeted
prospections should be carried out (Guignot 1947; Bameul
and Queney 2014), and in south Tyrol in Italy (Campo
Tures) by old and doubtful occurrences (Franciscolo 1979;
Kahlen and Hellrigl 1996). In southern Germany, it is
known from the Land of Bayern (Kdhler and Klausnitzer
1998) but its nearest populations are located at more than
150 km from the Swiss border (Bleich et al. 2016).

C19) Rhantus (Rhantus) suturellus (Harris, 1828)

Examined material. 3 ex., Einsiedeln, V1., coll. Bugnion
E.,MZL ;1 &, 24.1V.2020, Les Ponts-de-Martel NE, leg.
and coll. Chittaro Y.

Published data. 1 ex.,Genéveby Tournier (Carron2005).

Comment. The capture of a male specimen of Rhan-
tus suturellus in a peat bog in the canton of Neuchatel
confirms that this species belongs to the Swiss fauna,
which was not clear for Carron (2005). This circumboreal
species also occurs in Alsace (Callot 1990, 2018) and in
southern Germany (Kdhler and Klausnitzer 1998; Kohler
2000; Bleich et al. 2016). Carron (2005) also mentions a
specimen from Geneva collected by Tournier. However,
it could not be found in the MHNG collection, where it
should have been deposited.

C20) Graphoderus austriacus (Sturm, 1834)

Examined material. 2 ex., Katzensee, leg. Keller, coll.
Allenspach V., NMB; 1 ex., Martigny, coll. Cerutti N.,
MHNF; 8 ex., Martigny, coll. Favre E., HGSB; 3491 ex.,
Geneéve, Peney, leg. and coll. Maerky C., MHNG; 3491
ex., Suisse, Bienne, 16.VI., leg. and coll. Maerky C.,
MHNG; 2 ex., Kt. Wallis, Martigny, V.1890, leg. Anony-
mous, coll. Linder A., ETH; 3 ex., Ch. Fully [Champagne
de Fully], 19.V.1890, 20.V.1890, leg. [Favre E.], MHNG;
14 ex., Ch. Fully [Champagne de Fully], 10.VI.1890, leg.
Favre E., coll. Cerutti N., Réitzer A., Mathey A., MHNF,
MHNG and NMBE; 1 ex., Fully, 19.1V.1901, leg. and
coll. Gaud A., MZL; 1 ex., Martigny, 25.1V.1902, leg. and
coll. Gaud A., MZL; 1 ex., Basel, VII.1941, leg. and coll.
Pochon H., MHNF.
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Published data. YBasel by Knecht, YBern by
Meyer-Diir R. L. (Stierlin 1883); Mares entre le Guercet
et Fully by Favre E. (Favre 1890); 3 ex., TI, Bolle di
Magadino, 1999 by Focarile A. V. (Carron 2005).

Comment. This species is widely distributed in the
Palaearctic region. Its range extends from France (mainly
in the east and north of the country (Bameul and Queney
2014), but also in Provence according to Guignot (1947))
and northern Italy (Franciscolo 1979) to Sweden and Si-
beria (Nilsson and Holmen 1995). Although G. austriacus
was known from a few scattered specimens in Switzerland,
it may now be extinct in the country; the last occurrence
was in southern Ticino in 1999, and targeted surveys in
recent years have failed to find it again. Graphoderus aus-
triacus is present in Alsace (Callot 1990, 2018) in France
and in southern Germany (Kdhler and Klaunsnitzer 1998).

C21) Graphoderus zonatus zonatus (Hoppe, 1795)

Examined material. 3491 ex., Genéve, Anc. Fossés, leg.
Anonymous, coll. Maerky C., MHNG; **91 ex., Basel,
leg. and coll. Taschler M., MHNG; 3491 ex., Basel,
leg. Anonymous, NMB; 7 ex., Finge, leg. Bugnion E.,
MZL; 391 ex., Genéve, Lancy, leg. and coll. Maerky
C., MHNG; 3491 ex., Suisse, Valais, leg. and coll. Mae-
rky C., MHNG; 2 ex., Ch. Fully [Champagne de Fully],
20.V.1890, leg. Favre E., coll. Cerutti N., MHNF; 1 ex.,
Aire, 6.V.1924, leg. Simonet J., MHNG; 6 ex., Kt. Bern,
Uettligen, V.1932, V.1933, IV.1934, leg. and coll. Linder
A., ETH; 4 ex., Domleschg, Roth., 31.VIL.1938, leg.
Wolf J.-P,, ETH; 1 ex., Domleschg, Roth., 31.1X.1938,
leg. Wolf J.-P., ETH; 1 ex., BE, Uttligen, IV.1942, leg.
Linder A., coll. Toumayeff G., MHNG; 1 ex., VS, Sierre,
VI1.1942, leg. Linder A., coll. Allenspach V., NMB; 3 ex.,
Valais, Gampel, 8.VI[.1942, leg. and coll. Pochon H.,
MHNF; 2 ex., ZH, Niederglatt, VI.1952, leg. Toumayeff
G.,NMB; 1 ex., VS, Pfynwald, 11.VII.1971, leg. Anony-
mous, NMBE; 1 ex., VD, Bavois, V.1972, leg. Toumayeff
G., MHNG; 1 ex., Finge, Etang entonnoir [Scharzegilu],
1986, leg. Bille R.-P., MHNS; 2 ex., Gouille Salgesch,
VIII.1987, leg. Bille R.-P., MHNS; 2 ex., Bonigersee,
29.1V.1993, 17.1X.1993, leg. Rotzer A., MZL; 1 ex.,
Valais, Moosalp, Breimattsee, 17.VIL.1999, leg. Carron
G., ETH; 3 ex., Torbel VS, 1.VIL.2001, leg. Carron G.,
ETH; 1 &, Cudrefin VD, 16.V1.2014, leg. Vallat A.; 6
4,2 Q, Torbel VS, 2.VIL.2021, leg. and coll. Chittaro Y.
and Cosandey V.; 3 ex., Torbel VS, 8.1X.2023, leg. and
coll. Chittaro Y. and Sanchez A.; 2 ex., Zeneggen VS,
8.1X.2023, leg. and coll. Chittaro Y. and Sanchez A.

Published data. Schweiz by Fauvel C. A. A. (Stier-
lin and Gautard 1867); 1 ex., Graubiinden, Ndhe Ofen-
pass, Alp da Munt, 2210 m, 27.V1.1984 by Schaeflein H.
(Schaeflein 1989).

Comment. This species is widely distributed in the
Palaearctic region. In neighboring countries, it is men-
tioned in southeast Germany (Kohler and Klaunsnitzer
1998; Bleich et al. 2016) and in northern and eastern
France, where it reaches Lyon and Evreux (Guignot 1947;
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Bameul and Queney 2016). In Italy, it is known from a
few localities (Franciscolo 1979). While the species was
once known from several widely distributed stations in
Switzerland, in recent years it has only been found in the
canton of Valais and on the shores of Lake Neuchatel.
Targeted surveys of previously known sites have failed to
find it, indicating that this species is certainly in danger of
extinction in Switzerland.

C22) Dytiscus circumcinctus Ahrens, 1811

Examined material. 3*91 ex., Aarau, leg. Téschler
M., coll. Spélti A., MHNG; 1 ex., Bern, leg. and coll.
Burghold W., NMBE; 3491 ex., Genéve, Pl. les Ouates,
leg. and coll. Maerky C., MHNG; 3491 ex., Schaffhau-
sen, leg. Taschler M., coll. Spilti A., MHNG; 391 ex.,
Bienne, 6.VI., leg. Anonymous, coll. Maerky C., MHNG;
3402 ex., Colombier, 2.IX., leg. Anonymous, coll. Mae-
rky C., MHNG; 3491 ex., Bienne, 6.V1., leg. Anonymous,
coll. Maerky C., MHNG; 3491 ex., Rouelbeau, 7.X., leg.
Anonymous, coll. Maerky C., MHNG; 1 ex., [Dorfling-
en, Afling], 1848, leg. and coll. Brunner J., NMSH; 1
ex., Pt. Saconnex, IV.1892, leg. Poncy E., MHNG; 1 ex.,
Pt. Saconnex, V.1892, leg. Anonymous, MHNG; 1 ex.,
Fribourg, I11.1935, leg. Rappo J., MHNG; 2 ex., Prosi-
to, X.1948, leg. Anonymous, MHNS; 1 ex., Stadlersee,
29.IV.1956, leg. and coll. Linsenmaier W., NMLU; 1 ex.,
ZH, Regensberg, 28.VIII.1957, leg. and coll. Allenspach
V., NMB; 4 ex., Les Grangettes, 27.X.1957, leg. and coll.
Scherler P., NMBE; 1 ex., Les Grangettes, 24.VIII.1958,
leg. and coll. Scherler P., NMBE; 2 ex., Les Grangettes,
5.X.1958, leg. and coll. Scherler P., NMBE; 2 ex., Kt.
Waadt, Villeneuve, X.1959, leg. and coll. Linder A.,
ETH; 2 ex., Les Grangettes, 22.X.1959, leg. and coll.
Scherler P., NMBE; 1 ex., VD, Villeneuve, Grangettes,
X.1960, leg. Scherler P., MHNG; 2 ex., Les Grangettes,
25.X.1960, leg. and coll. Scherler P., NMBE; 2 ex., Les
Grangettes, 25.X.1961, leg. Scherler P., MHNG; 1 ex.,
Riimlang ZH, 17.V.2022, leg. and coll. Birnstiel E.; 1 ex.,
Riimlang ZH, 14.VI1.2023, leg. and coll. Cosandey V.

Published data. YColombier im Waadtlande by
Bugnion E. and YKatzensee by Heer O. (Heer 1837);
YSchaffhausen by Stierlin G. (Stierlin and Gautard 1867).

Comment. This Holarctic species is distributed from
northern and central Europe to western Russia. In Swit-
zerland, D. circumcinctus is very rare, with only scattered
records. After more than 50 years without data, it was
found again in 2022 and 2023. It is present in southern
Germany (Kohler and Klausnitzer 1998). In France, it is
recorded from the northern and central regions and in the
Alps, but is considered rare and sporadic (Bameul and
Queney 2014), as in Italy (Franciscolo 1979).

C23) Dytiscus circumflexus Fabricius, 1801
Examined material. >*91 ex., Aarau, leg. Tédschler M.,

coll. Spalti A., MHNG; 3491 ex., Suisse, Bex, leg. and
coll. Maerky C., MHNG; 3491 ex., Suisse, Bienne, leg.
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and coll. Maerky C., MHNG; 392 ex., Genéve, leg.
Sechehaye A., coll. Maerky C., MHNG; 3491 ex., Schaff-
hausen, leg. Taschler M., coll. Spalti A., MHNG; 1 ex.,
Helv., BL, Oberwil, Ziegelei, 13.111.1954, leg. [Allens-
pach V], coll. Allenspach V., MHNG.

Published data. "Lausanne by Mellet L. (Heer 1837);
DBuchser-See [Buchs SG] by Rietmann O. (Taschler
1872); PBasel (Stierlin 1900).

Comment. Although this species is widely distribut-
ed in Europe, such as in Italy (Franciscolo 1979), France
(Bameul and Queney 2014), and Germany (Koéhler and
Klausnitzer 1998), it appears to be marginal in Switzer-
land, where it is known only from a single specimen caught
in the Basel region in the far north of the country. All other
records are linked to problematic collections and should be
disregarded. As the species has not been found in Switzer-
land for 70 years, it is very probably extinct.

C24) Dytiscus dimidiatus Bergstrisser, 1777

Examined material. 392 ex., Suisse, Colombier, leg.
and coll. Maerky C., MHNG; 2 ex., Lausanne, leg. and
coll. Gaud A., MZL; 391 ex., Vevey, leg. Téschler
M., coll. Spilti A., MHNG; 1 ex., Kt. Waadt, Yverdon,
VIII.1939, leg. and coll. Linder A., ETH; 3491 ex., Ba-
sel, 20.V.1942, leg. Anonymous, NMB; 1 ex., Yverdon,
VIL.1952, leg. and coll. Sermet A., MZL; 1 ex., Kt.,
Waadt, Yvonand, IV.1957, leg. and coll. Linder A., ETH;
1 ex., Yvonand, I1X.1958, leg. and coll. Sermet A., MZL;
7 ex., Yvonand, 28.I1X.1958, leg. and coll. Scherler P.,
NMBE; 1 ex., Yvonand, 12.X.1958, leg. and coll. Scher-
ler P., NMBE; 1 ex., Vaud, Chabrey, 26.VIIL.1962, leg.
Aellen V., MHNG; 1 ex., Vaud, Cudrefin, 30.IV.1973, leg.
Brancucci M., NMB; 79 ex., Champmartin, 1974, leg.
Brancucci M.; 1 ex., Font, 28.1X.1988, leg. Mulhauser
B.; 1 ex., Chabrey, 16.VIII.1994, leg. and coll. Scherler
P, NMBE; 1 ex., Estavayer, 8.VI.1995, leg. Calame F.;
1 ex., Font, 8.VI.1995, leg. Calame F.; 4 ex., Yvonand
VD, 13.VII1.2021, 9.1X.2021, leg. and coll. Chittaro Y.
and Cosandey V.

Published data. "Concise am Neuchateller See by
Heer O., YVLausanne by Heer O. and YVevey by de Gau-
tard V. (Stierlin and Gautard 1867); YBuchser-See [Buchs
SG] by Rietmann O. (Taschler 1872); YBasel (Stierlin
1900); [Gréve de Cudrefin] (Brancucci 1979, 1980); Por-
talban-Cudrefin, 16.VII.1994 by Scherler P. (Scherler
1995); Grande Carigaie, 1958—1995 (Mulhauser 1997).

Comment. This Western Palaearctic species is dis-
tributed from North Africa to Scandinavia and east to the
Caucasus. Dytiscus dimidiatus is very rare and localized
in Switzerland; almost all the occurrences are concentrat-
ed exclusively on the southern shore of Lake Neuchatel.
It appears to be in steep decline there.

C25) [Dytiscus lapponicus Gyllenhal, 1808]

Published data. Simplon ! Par Rausis [« Douteux en
Valais » selon Favre E.] (Favre 1890).

Comment. As already mentioned by Carron (2005),
D. lapponicus is not native to Switzerland and should not
have been evaluated in the red list (Brancucci 1994). Two
specimens are deposited in the Favre collection (HGSB),
which holds almost exclusively insects collected around
Martigny and the Grand-Saint-Bernard pass in the can-
ton of Valais. However, the two specimens do not carry a
locality label and moreover concern the nominal subspe-
cies, which does not occur in the Alps (see also comment
in Carron 2005). The subspecies disjunctus Camerano,
1880 is recorded from the Italian and French Alps (Haute-
Provence and Hautes-Alpes [Guignot 1947]), the nearest
population being 100 km south of the Swiss border. In
Italy, it was last collected in 1923 in the Colle della Mag-
dalena Lake before the introduction of trout for sport fish-
ing (Franciscolo 1979). Curiously, Bameul and Queney
(2014) list the nominal subspecies for France whereas the
southwestern limit of the distribution of D. lapponicus
lapponicus appears to be in Westfalen, Germany (Kohler
and Klausnitzer 1998).

C26) Dytiscus latissimus Linnaeus, 1758

Examined material. 3492 ex., Bodensee, leg. Anon-
ymous, coll. Maerky C., MHNG; **91 ex., Suisse,
Bodensee, leg. and coll. Maerky C., MHNG; 392 ex.,
Bern, leg. and coll. Burghold W., NMBE; 1 ex., Katzens-
ee, leg. Keller, coll. Négeli A., NMSO; 1 ex., Katzensee,
leg. Schindler, ETH; 1 ex., Katzensee, leg Anonymous,
NMAA; 3491 ex., Kt. Genf, leg. Tdschler M., coll. Spalti
A., MHNG; 2 ex., Ziirich, leg. and coll. Linsenmaier
W., NMLU; 4 ex., Katzensee, 18.1V.1883, 19.IV.1883,
22.IV.1883, leg. Anonymous, ETH; 1 ex., Katzensee,
VIII.1885, leg. and coll. Négeli A., NMSO; 1 ex., Kat-
zensee, 3.1V.1887, leg. and coll. Négeli A., NMSO; 1 ex.,
Zch., Katzensee, 18.VI.1895, leg. Anonymous, ETH; 1
ex., Katzensee, 1902, leg. Keller, coll. Nigeli A., NMSO;
1 ex., Katzensee, VI.1902, leg. De Brenzinger, NMB; 2
ex., Ziir., Katz. See, 1910, leg. Keller, coll. Allenspach
V., NMB; 2 ex., ZH, Katzensee, 15.V.1910, leg. and coll.
Spélti A., MHNG; 2 ex., Kt. Ziirich, Ziirich, VIII.1928,
leg. and coll. Linder A., ETH; 2 ex., Zch., Affoltern,
Hénsiried, 19.VIIL.1928, leg. and coll. Allenspach V.,
MHNG and NMB; 1 ex., Zch., Affoltern, Hénsiried,
26.VIL.1931, leg. and coll. Allenspach V., MHNG; 1 ex.,
Zirich, Katzensee, VII.1942, leg. Wolf J.-P., ETH; 1 ex.,
Zirich, Katzensee, 28.VIII1.1942, leg. Wolf J.-P., ETH; 1
ex., Zch., Katzensee, 3.1X.1942, leg. Wolf J.-P., ETH; 2
ex., Katzensee, 20.IX.1942, leg. Wolf J.-P.,, ETH; 3 ex.,
Zirich, Affoltern, Hinsiried, Seerosenteich Rosenberger,
7.V.1943, 20.V.1943, leg. and coll. Allenspach V., NMB;
2 ex., vorderer Katzensee, 19.VII.1945, leg. Wolf J.-P.,
ETH; 1 ex., Hettlingen, 1948, leg. Gtz W., NMWI.

Published data. Katzensee (Fuessly 1775); Basel by
Frey-Gessner E. and Bodensee by Fuessly J. C. (Heer
1837); Pfiffikersee, in einer Torfgrube, 15.VIL.1864 by
Dietrich K. (Dietrich 1865); Schaffhausen by Heer O.
(Stierlin and Gautard 1867).
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Comment. This species is distributed in central and
northern Europe and Siberia. It is in steep decline in Eu-
rope and has disappeared from entire regions probably
due, in part, to its specialized feeding habits, with the lar-
vae relying on a high density of Limnephilidae (Trichop-
tera) (Scholten et al. 2018). In France, Bameul and
Queney (2014) consider it as probably extinct as it has
not been caught since the early twentieth century. In Italy,
there is only one occurrence dating from the mid-nine-
teenth century (Lago di Fimon) (Franciscolo 1979). In
Switzerland, the few occurrences are all situated around
Ziirich. The species has not been caught since 1948, al-
though targeted surveys have been carried out (D&6s et
al. 2017). It is almost certain that this species has become
extinct in Switzerland.

C27) |Eretes sticticus (Linnaeus, 1767)]

Published data. '¥[Schweiz ?] by Heer O. (Bremi-Wolf
1856).

Comment. There is only one literature reference citing
this species in Switzerland. However, since this occurrence
is not supported by any specimen in the examined collec-
tions, the species is not considered indigenous. In France,
it is very rare and occurs in the Mediterranean area and
on the Atlantic coast (Guignot 1947; Bameul and Queney
1947). In Italy, the nearest populations are located more
than 100 km from the Swiss border (Franciscolo 1979).

C28) [Hydaticus (Hydaticus) aruspex Clark, 1864]

Comment. As Carron (2005) indicated, there was an old
record of H. aruspex in the national database, relating to a
specimen conserved at the MZL. However, after checking
this collection, no specimen of this species was found, but
instead one of H. continentalis bearing the same provenance
indications (see C29). This record is therefore certainly the
result of a previous misidentification. This species is dis-
tributed in the north of the Holarctic region. In Germany,
H. aruspex is absent from the southern half of the country
(Bleich et al. 2016). In France, it only occurs in the north
(Somme) and west (Girondes, Landes) of the country and
is considered a rare post-glacial relict species (Bameul and
Queney 2014). In view of these distribution data, the pres-
ence of H. aruspex in Switzerland is very unlikely.

C29) [Hydaticus (Hydaticus) continentalis J. Bal-
four-Browne, 1944]

Examined material. >*%91 ex., Schaffhouse, 1908, leg.
Gaud A., MZL.

Published data. ®[Schweiz] by Heer O. (Bremi-Wolf
1856); “¥Schaffhausen by Stierlin G. (Stierlin and Gau-
tard 1867); "1 ex., Genéve and 3 ex., "¥Ch. Des Bois
(Chavannes des Bois VD) by Tournier H. (Carron 2005).

Comment. While Carron (2005) retained this species
for Switzerland based on a specimen kept at the MZL,
we do not consider it to be indigenous here, as the sole
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specimen belongs to a collection that is not completely
reliable. Although widely distributed in the Palaearctic
region, H. continentalis is not known from areas adjacent
to Switzerland; it is absent from the southern half of Ger-
many (Bleich et al. 2016) and is not retained as part of
the French Fauna (Bameul and Queney 2014), while a
single occurrence is considered reliable in Italy (Francis-
colo 1979).

C30) Hydaticus (Hydaticus) transversalis transversalis
(Pontoppidan, 1763)

Examined material. 3492 ex., Aarau, leg. Anonymous,
NMSH ; 3491 ex., Aarau, leg. Taschler M., coll. Spalti A.,
MHNG ; 2 ex., Basel, coll. Ritzer A., NMSO; 3#91 ex.,
Bern, leg. and coll. Burghold W., NMBE; 3491 ex., Genf,
leg. and coll. Lasserre H., ETH; 391 ex., Suisse, Louéche,
leg. and coll. Maerky C., MHNG; 3491 ex., Genéve, PI.
les Ouates, leg. and coll. Maerky C., MHNG; 3491 ex.,
Genéve, Sionnet, leg. and coll. Maerky C., MHNG; 3491
ex., Suisse, leg. Poncy E., coll. Maerky C., MHNG; 3+91
ex., Wallis, coll. Stierlin G., MHNG:; 3#91 ex., Rouelbeau,
22.1V, leg. Anonymous, coll. Maerky C. MHNG; 3+91 ex.,
Geneve, Sionnet, 16.V, leg. and coll. Maerky C., MHNG;
3491 ex., Peney, 11.V.1886, leg. Anonymous, MHNG; 1
ex., Kt. St.Gallen, Thal, VII.1957, [leg. Hugentobler H.]
and coll. Linder A., ETH; 1 ex., Staad, 6.VIL.1957, leg.
and coll. Spalti A., MHNG; 1 ex., Altenrhein, 11.IV.1966,
leg. and coll. Spélti A., MHNG; 12 ex., Kt. St.Gallen,
Altenrhein, 1V.1969, leg. and coll. Linder A., ETH; 1
ex., Jura, Bonfol, Champ de Manche 1, 4.1X.1998, leg.
Carron G., ETH; 6 ex., Thal SG, 1.V.2023, 11.IX.2023,
leg. and coll. Chittaro Y., Cosandey V. and Sanchez A.

Comment. This Western Palaearctic species is only
known from a few stations in northern Switzerland. In
France, recent captures have been limited to Alsace
along the Rhine (Callot 1990). This species is known
from Vorarlberg in Austria (Brandstetter and Kapp 1995)
and from southern Germany (Bleich et al. 2016), close
to Switzerland. In Italy, populations are located near the
Swiss border (Franciscolo 1979), which means this spe-
cies could also be present in Ticino.

C31) Hydaticus (Prodaticus) grammicus (Germar, 1827)

Examined material. 3491 ex., Bale, leg. Anonymous,
coll. Jorger J. B., NMB; 3491 ex., Genéve, Peney, leg.
and coll. Maerky C., MHNG; 391 ex., Suisse, leg.
Poncy E., coll. Maerky C., MHNG; 3491 ex., Schafth.,
leg. Anonymous, ETH; 1 ex., Fully, 16.V.1890, leg. Fa-
vre E., HGSB; 4 ex., Ch. Fully [Champagne de Fully],
19.V.1890, 20.V.1890, leg. Favre E., coll. Cerutti N.,
HGSB and MHNF; 1 ex., Fully, 20.V.1890, coll. Cerut-
ti N., MHNF; 6 ex., Ch. Fully [Champagne de Fully],
24.V.1890, leg. Favre E., coll. Cerutti N., Mathey A. and
Rétzer A., HGSB, MHNF and NMBE; 5 ex., Ch. Fully
[Champagne de Fully], 10.VI.1890, leg. Favre E., coll.
Cerutti N. and Réitzer A., MHNF and NMBE; 2 ex., Ch.



Alpine Entomology 8 2024, 87-119

99

Fully [Champagne de Fully], 10.VI.1896, leg. Anony-
mous, MHNG; 2 ex., Fully, 10.IV.1901, coll. Gaud A.,
MZL; 11 ex., Kt. Wallis, Martigny, VI.1939, leg. and
coll. Linder A., ETH; 6 ex., Valais, Martigny, 9.V1.1939,
leg. and coll. Pochon H., MHNF; 2 ex., Valais, Gampel,
8.VI.1940, leg. and coll. Pochon H., MHNF; 10 ex., VS,
Turtmann, 6.IV.1942, leg. and coll. Allenspach V., NMB;
6 ex., Gampel, VI.1942, leg. Linder A., coll. Linder A.
and Steiner H., ETH and NMSO.

Published data. "Schafthausen by Stierlin G. (Stierlin
and Gautard 1867); PAigle by Jaccard H. and Champagnes
de Fully, V.1890 by Favre E. (Favre 1890); "Basel (Stierlin
1900); env. De Martigny, coll. Cerutti N. (Linder 1941).

Comment. This species is widespread in the Palaearc-
tic region. In the countries surrounding Switzerland, its
presence is only attested by old and sparse occurrences.
In France, a single capture in Bas-Rhin in 1951 was re-
corded (Callot 1990, 2018; Bameul and Queney 2014),
in Germany only two old occurrences (before 1950) are
considered reliable (Kohler and Klausnitzer 1998), but
the species is not established there and not assessed in the
latest red list (Spitzenberg et al. 2016), while a single old
record attests of the presence of H. continentalis in Bre-
genz, in Austrian Vorarlberg (Schaeflein 1983; Brandstet-
ter and Kapp 1995). In Switzerland, its former presence
is attested by numerous specimens collected in several
localities in the canton of Valais. The last specimen was
caught in 1942 and the species is now probably extinct in
Switzerland. Populations in Italy near the canton of Tici-
no are known (Franciscolo 1979) and a (former) presence
of H. grammicus in this canton is possible.

C32) [Hydaticus (Prodaticus) leander (P. Rossi, 1790)]

Examined material. >4®1 ex., Genéve, Lancy, 1.V, leg.
and coll. Maerky C., MHNG.

Comment. The “Swiss” specimen of H. leander
comes from the problematic collection of C. Maerky and
must be regarded as dubiously labeled. This species does
not exist in Switzerland, as already indicated by Carron
(2005). This species is present on the Mediterranean coast
in France (Bameul and Queney 2014) and in Italy (Fran-
ciscolo 1979), where its nearest populations are located
more than 200 km from the Swiss border. According to
Guignot (1947), this species is distributed in the extreme
south of Europe and North, West, and central Africa.

C33) [Bidessus coxalis Sharp, 1882]

Published data. '**%®2 ex., GE, Meinier, Rouelbeau,
coll. Maerky C., MHNG (Carron 2005).

Comment. Carron (2005) mentions two specimens
kept at the MHNG, but searches in its collections have
failed to find them. In any case, these specimens belonged
to the dubious collection of C. Maerky and cannot be con-
sidered. This species does not belong to the Swiss fauna.
It occurs in North Africa, on the Iberian Peninsula, and in
France, where it is found in the southern half and along

the coast as far as Brittany and Normandy (Bameul and
Queney 2014).

C34) Bidessus delicatulus (Schaum, 1844)

Examined material. 1 ex., Genéve, leg. Anony-
mous, MHNG; 1 ex., Peney, leg. Tournier H., ETH;
1 ex., Diepoldsau, 21.VIL.1965, leg. Hugentobler H.,
NMSG; 5 ex., Geneve, Chancy, La Laire, 25.VIL.1984,
14.VIIL. 1985, leg. Besuchet C., MHNG; 1 ex., Genéve,
Verbois, étang, 27.1X.1990, leg. Besuchet C., MHNG; 1
ex., Buchrain LU, 24.1V.2004, leg. Lubini V., coll Birn-
stiel E.; 6 ex., Chancy GE, 31.V.2021, leg. and coll. Chit-
taro Y. and Cosandey V.; 2 ex., Chancy GE, 6.V.2022, leg.
and coll. Cosandey V.

Published data. "Vevey (Stierlin and Gautard 1867);
Diepoldsau, Altenrheinbett b. Kieswerk Sieber, VIII.1965
by Hugentobler H. (Hugentobler 1966); La Laire by
Cosandey V. (Cosandey 2023).

Comment. In Switzerland, this species is only known
from a few localities scattered at low elevation. Recent
targeted surveys in the canton of Geneva found it in a
single restricted station, where it was nevertheless abun-
dant (Cosandey 2023). Bidessus delicatulus is known
in Vorarlberg in Austria (Brandstetter and Kapp 1995)
and in southern Germany (Kohler and Klausnitzer 1998;
Kohler 2011; Bleich et al. 2016). In France, B. delicatulus
is rare and localized (Guignot 1947).

C35) Bidessus minutissimus (Germar, 1823)

Examined material. >*91 ex., Genéve, leg. and coll.
Maerky C., MHNG; 2 ex., Genf, leg. Chevrier F., ETH;
3491 ex., ZH, coll. Bugnion E., ETH; 2 ex., Ziirichhorn,
leg. and coll. Forel A.-H., ETH; 1 ex., Genthod, VL.,
leg. Anonymous, NMBE; 5 ex., Ziirich, 23.V.1868, coll.
Bugnion E., MZL; 2 ex., Riva S. V., riva del lago [Riva
San Vitale], 8.V.1914, leg. and coll. Fontana P., MSNL;
2 ex., Ziirich Umg., Limmat, 23.V.1941, leg. Wolf J.-P.,
ETH; 1 ex., Moulin de Vert, 3.VIII.1984, leg. and coll.
Scherler P., NMBE; 1 ex., Verbois, 14.VIII.1986, leg.
and coll. Scherler P., NMBE; 5 ex., Genéve, Verbois,
27.IX.1990, leg. Besuchet C., MHNG; 9 ex., Geneve,
Moulin de Vert, 30.V.1991, leg. Besuchet C., MHNG;
1 ex., XI.2002, Chancy GE, leg. Lavigne S., det.
Carron G., MHNG; 7 ex., Arbon TG, 10.VIIL.2004, leg.
HYDRA-Institut fiir angewandte Hydrobiologie; 5 ex.,
Gordola TI, 19.V.2007, leg. and coll. Geiser M., NMBE;
1 ex., Chancy GE, 19.1V.2019, leg. and coll. Cosandey V.;
6 ex., Chancy GE, 31.V.2021, leg. and coll. Chittaro Y.;
8 ex., Chancy GE, 6.V.2022, leg. and coll. Cosandey V.

Published data. Genf (Heer 1841); Ziirich am Horn
by Kubli H. (Stierlin and Gautard 1867); Riva S. Vi-
tale, V.1914 by Fontana P. (Fontana 1922); La Laire by
Cosandey V. (Cosandey 2023).

Comment. This rare species has been caught mainly
around Geneva but also in the canton of Ticino and in
northern Switzerland. The ecological requirements of
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Bidessus minutissimus could explain its rarity; it could
be linked to underground flows of well-oxygenated water
(Carron and Castella 2007).

C36) |Bidessus pumilus (Aubé, 1838)]

Published data. >®2 ex., Locarno, IV.1934 by Toumayeff
G. (Linder 1953).

Comment. This species colonizes the western part of
the Mediterranean region, reaching Portugal and North
Africa (Guignot 1947). In France, it is known only from
Languedoc, Roussillon, Provence, and Corsica (Bameul
and Queney 2014). In Italy, it is almost totally absent from
the northern third of the country (Franciscolo 1979). This
species does not exist in Switzerland; the two specimens
cited in the literature were in fact a Bidessus unistriatus
and a Hydroglyphus geminus, as mentioned by Carron
(2005).

C37) |Bidessus saucius (Desbrochers des Loges, 1871)]

Examined material. >*%%2 ex., Genéve, Rouelbeau,
22.1IV,, leg. and coll. Maerky C., MHNG.

Published data. **°%2 ex., Rouelbeau, Meinier GE,
coll. Maerky C., MHNG (Carron 2005).

Comment. The specimens examined belong to the
problematic collection of C. Maerky, which cannot be
considered reliable. Bidessus saucius does not exist in
Switzerland. This species is known only from Corsica in
France (Bameul and Queney 2014) and from Italy, where
it is absent from the northern third of the country, the near-
est occurrences being near Genoa (Franciscolo 1979).

C38) Boreonectes alpestris Dutton & Angus, 2007,
[Boreonectes inexpectatus Dutton & Angus, 2007], and
Boreonectes griseostriatus (DeGeer, 1774)

Published data. B. alpestris — 3 &, 2 Q, Switzerland,
Ticino, Above Medeglia, VIII.1994 by Focarile A. (Dut-
ton and Angus 2007); B. inexpectatus — '*>7®Suisse
(Bameul and Queney 2014); B. griseostriatus — 1 &,
Switzerland, Valais, Lake by the Illsee (Angus 2010).
Comment. The very heterogenous genus Stictotarsus
Zimmermann, 1919 has been shown to be polyphyletic
(Ribera 2003) and was problematic for coleopterists
(Angus 2010). To solve part of this problem, Boreonectes
Angus, 2010 was established (Angus 2010), making
it possible to exclude certain species from the genus
Stictotarsus. Dutton and Angus (2007) showed that
multiple karyotypic lineages were included under the
nomen griseostriatus. They described these lineages
as new species. Thus, the presence of two species of
Boreonectes is attested for Switzerland: B. alpestris
(Ticino) and B. griseostriatus (Valais) (Angus 2010),
whereas the citation of B. inexpectatus in Switzerland
(Bameul and Queney 2014) is most probably erroneous,
the latter being known only from its type locality in
France (Dutton and Angus 2007; Angus 2010). However,
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as the authors pointed out, most Boreonectes are visually
impossible to identify without examining karyotypes,
so we have decided, from a practical point of view, to
assign all the Swiss data to a “griseostriatus aggregate”.

C39) [Deronectes fairmairei (Leprieur, 1876)]

Published data. 34¢797 ex., Chanzy [W of Lake Ge-
neva, Switzerland], 1890 by de Vauloger, ex coll. R.
R. Oberthiir, ex Wehncke” (MNHN — Muséum Nation-
al d’Histoire Naturelle, Paris, France) and 3#¢791 ex.,
Suisse, Dole, VIL.55 (IRSN — Institut Royal des Sciences
Naturelles de Belgique, Brussels, Belgium) (Fery and
Brancucci 1997).

Comment. This species has a western Mediterranean
distribution. It is found in North Africa and along coastal
regions from Portugal to western Italy (Liguria — Francis-
colo 1979). In France, D. fairmairei is only known from
the south of the country (Bameul and Queney 2014). The
specimens bearing a “Swiss” label have already been
considered doubtful by Fery and Brancucci (1997).

C40) Deronectes moestus inconspectus (Leprieur, 1876)

Examined material. 2 ex., Mulini di Morbio inferiore,
roggia del Breggia, Castello, IV.1911, leg. and coll. Fon-
tana P., MSNL; 1 ex., Chiasso, laghetto [Brogeda], 1914,
leg. and coll. Fontana P., MSNL; 2 ex., Gen¢eve, Certoux,
I1.1949, leg. Toumayeftf G., MHNG; 5 ex., Russin, Al-
london, 6.VIII.1955, 13.VIII.1955, 27.V.1956, leg. Reh-
fous M., MHNG:; 2 ex., Malval, Allondon, 27.VII1.1955,
19.VIIL.1956, leg. Rehfous M., MHNG; 1 ex., Suisse,
Tessin, s/Sagno, ruisseau, 18.1X.1955, leg. Besuchet C.,
MZL; 25 ex., Chancy, La Laire, 1.VIII.1956, 5.VIII1.1956,
8.VIIL.1956, 12.VIII.1956, 6.1X.1956, 27.VII.1957,
3.V.1958, 19.111.1960, leg. Rehfous M., MHNG; 3 ex.,
Chancy, La Laire, 12.VIII.1956, leg. Rehfous M., coll.
Allenspach V., NMB; 2 ex., Geneéve, Chancy, V.1956, leg.
Toumayeff G., MHNG; 3 ex., Geneve, Chancy, La Laire,
14.VIIL. 1985, leg. Besuchet C., MHNG; 1 ex., Veyron
VD, [11.2004], leg. Carron G., ETH; 2 ex., Dardagny GE,
VIIL.2005, leg. Anonymous, ETH; 6 ex., Dardagny GE,
24.VIIL.2021, 9.IX.2021, leg. and coll. Cosandey V.; 5
ex., Dardagny GE, 10.1X.2021, leg. and coll. Chittaro Y.;
2 d,21.X.2021, Mendrisio TI, leg. and coll. Cosandey V.

Published data. Breggia nel canale pei mulini [Mor-
bio Inferiore], IV.1911 by Fontana P. (Fontana 1922);
Geneve by Sharp D. (Guignot 1931-1933); 1 ex., Genf,
coll. Miiller Cl., Zoologische Staatsmuseum Miinchen
(Fery and Brancucci 1997); 1 ex., VD, Veyron bei Mon-
tricher, 11.2004 by Carron G. (Carron 2005).

Comment. The nominal subspecies is a Corso-Sardin-
ian endemic, while the inconspectus subspecies is present
in continental Europe from Spain to Greece and Morocco
(Fery and Brancucci 1997). It is present in a large part of
France, mainly in southern regions (Bameul and Queney
2014). Following the Rhone valley, it reaches the Bugey
and, in Switzerland, the Geneva region (Guignot 1947),
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where it is known from a few stations. It also exists in
southern Ticino, where it is present in continuity with the
Italian populations.

C41) [Deronectes opatrinus (Germar, 1823)]

Published data. “¥Genéve (Guignot 1931-1933); 346782
ex., Chanzy [Chancy — W of Lake Geneva, Switzerland],
1890 by de Vauloger (MNHN — Muséum national d’His-
toire naturelle, Paris, France) (Fery and Brancucci 1997);
D4 ex., Genéve by Tournier H. (Carron 2005).

Comment. This meridional species is reported from
Spain, Portugal, and southwestern France (Fery and Bran-
cucci 1997). In the latter country, D. opatrinus reaches as
far north as the Haute-Vienne region (Fery and Brancucci
1997; Bameul and Queney 2014). The specimens from
the Vauloger collection are labeled with the same local-
ity as D. fairmairei. They were examined by Fery and
Brancucci (1997), who questioned the validity of these
records. The four specimens mentioned by Carron (2005)
could not be found in the MHNG collections where they
were supposed to be, nor in the MHNP where most of
the Tournier collection is deposited. Based on all these
elements, D. opatrinus is not considered to be part of the
Swiss fauna.

C42) [Deronectes platynotus platynotus (Germar, 1834)]

Published data. ?Dussnang by Eugster A. (Hugentobler
1966).

Comment. Revision of the Hugentobler collection has
revealed that the published Swiss occurrence (Hugento-
bler 1966) relates to a misidentified specimen of D. aubei
(see also comment C43 for D. semirufis). According to
Fery and Brancucci (1997), this species has a distribution
restricted to central Europe; its range extends from the
Netherlands and Belgium to Poland, Serbia, Romania,
Bosnia, and Albania. It is not present in France according
to Guignot (1947), but Bameul and Queney (2014) men-
tion it from the Ardennes in the northwest of the country.
Deronectes platynotus is known from Vorarlberg in the
Pfanderstock (Brandtstetter and Kapp 1998), some 15 km
from Switzerland, and from southern Germany (Kohler
and Klaunitzer 1998), near Schaffhausen (Bleich et al.
2016). This species is potentially present in Switzerland,
but this needs to be confirmed.

C43) [Deronectes semirufus (Germar, 1844)]

Published data. ?Dusnang by Eugster A. (Stierlin 1883);
YSchwarzwald (? Suisse) (Stierlin 1900); ?1 ex., in der
Breggia bei Chiasso, V.1943 by Pochon H. and 21 ex.,
Clarens bei Montreux, V.1944 by v. Peez (Linder 1946).
Comment. Deronectes semirufus has recently been
rehabilitated as a distinct species from D. aubei (Fery
and Brancucci 1997). It is known only from Italy, south
from the P6 plain, and from France (Fery and Brancucci
1997), where it reaches the Alpes-Maritimes and the Alps

of Haute-Provence (Bameul and Queney 2014). Some lit-
erature citations of D. semirufiss from Switzerland refer
to D. aubei (Stierlin 1883; Linder 1946), as already as-
sumed by Carron (2005). Curiously, the specimen cited
from Dusnang (or Dussnang) was published under two
nomina, D. platynotus and D. semirufus (see also com-
ment C42 for D. platynotus).

C44) Nebrioporus assimilis (Paykull, 1798)

Examined material. 3491 ex., Kt. Basel, leg. Téschler
M., coll. Linder A., ETH; 3491 ex., Suisse, leg. Anony-
mous, coll. Maerky C., MHNG; *#92 ex., Suisse, Vaud,
leg. Sechehaye A., coll. Maerky C., MHNG; 3492 ex.,
Genéve, Veyrier, leg. Sechehaye A., coll. Maerky C.,
MHNG; 3497 ex., Alpes, Chanrion, 2.VIII, leg. and coll.
Maerky C., MHNG; 2 ex., Kt. Bern, Brienz, VI.1909,
coll. Linder A., ETH; 12 ex., [Filzbach Talsee] PLOCH
GL18, 26.VIIL.1998, leg. Carron G. and Oertli B., LEBA
and ETH; 10 ex., Glarus Nord GL, 20.V1.2023, leg. and
coll. Chittaro Y.

Published data. "Matt,Wiedersteinerloch by Heer
O. (Heer 1837); DCt. Glarus, auf der Miihlebachalp
(Heer 1841); YNiederschwerzenbach, 28.VIII.1864
by Frei (Dietrich 1865); YAarau by Frey-Gessner E.,
YBasel by Imhoff L., YEngadin by Stierlin G., VKt.
Ziirich by Dietrich K., "Lausanne by Bugnion E. and de
Gautard V. and "Visp by Venetz I. (Stierlin and Gautard
1867); VFlimser See by Killias E. and YSt. Moritzer See
by Pfeil (Caflisch 1894).

Comment. This species is distributed in central and
northern Europe, as well as in Siberia. In Switzerland,
its presence is only attested by a few records in the Alps,
in the cantons of Glarus and Bern, where this species
reaches the southern limit of its distribution (Nilsson
and Holmen 1995). Nebrioporus assimilis also occurs in
southern Germany (Koéhler and Klausnitzer 1998; Bleich
et al. 2016), in Alsace (Callot 1990, 2018), in the French
Hautes-Vosges (Guignot 1947), and has been cited twice
in Vorarlberg in Austria, near the Rhine (Brandstetter and
Kapp 1995). Supplementary populations may therefore
be found in northern Switzerland.

C45) Nebrioporus canaliculatus (Lacordaire, 1835)

Examined material. 1 ex., Genéve, Laconnex, VIII.1983,
leg. Agroscope - RAC, Changins, MHNG; 1 ex., Geneve, Les
Baillets, Allondon, 27.1X.1990, leg. Besuchet C., MHNG.

Published data. CH (Carron 2005).

Comment. This species occurs mainly in western
and central Europe, from Portugal to Greece, and along
the coast as far as the Netherlands and southern Sweden
(Nilsson and Holmen 1995). In Switzerland, only two
occurrences in the canton of Geneva attest of the marginal
presence of this species in the country. In France, it
occurs mainly in the southern half of the country (Bameul
and Queney 2014) but is also present in Alsace, where
it can be abundant in gravel and sand quarries without
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vegetation (Callot 1990, 2018). It is also present in
southern Germany (Kohler and Klausnitzer 1998), and
along the Rhine (Bleich et al. 2016), which means that
this species could also be present in northern Switzerland.

C46) [Nebrioporus depressus (Fabricius, 1775)]

Published data. YLac de Joux by Mellet L. (Heer
1837); VKt. Zirich by Dietrich K., "Luzerner See by
Pfeil, DSchaffhausen, in Quellwasser by Stierlin G.
and PWallis by Venetz 1. (Stierlin and Gautard 1867);
bDattlikon and Glatthal by Dietrich K. (Stierlin 1883);
YPont de Dorénaz, 29.1V.1890 by Favre E. (Favre 1890);
DCaumasee by Jorger J.B. (Linder 1967); VAare bei
Villnachern, 1985 by Sauter W. (Meier et al. 1989); YUR,
Seedorf, Ufer des Urner Sees, 11.IX.1990 by Uhlig M.
(Uhlig and Uhlig 2006).

Comment. Mainly distributed in northern and eastern
Europe, N. depressus does not belong to the Swiss fauna
(see Caron (2005)); there are only a few citations in the
literature, without reference specimens, or they were mis-
identified specimens, as in the case of the record of Favre
(1890), which turned out to be a N. elegans.

C47) [Oreodytes alpinus (Paykull, 1798)]

Examined material. >4%®2 ex., Suisse, leg. Anonymous,
coll. Maerky C., MHNG.

Published data. Vin der Toss am Fuss der Straleck by
Heer O. (Dietrich 1865); YEngadin by Heer O., "Genf
by Heer O., "La London by de Bonvouloir H. A., "Lau-
sanne am Seeufer by Bugnion E., "Rheinwald by Heer
0., YSchaffhausen by Heer O. and YSchwarzsee bei Zer-
matt by de Gautard V. (Stierlin and Gautard 1867); "1
ex., Saint-Bernard and Y2 ex., Suisse, coll. Maerky C.,
MHNG (Carron 2005).

Comment. Oreodytes alpinus is distributed in the
northern Palaearctic (in Scotland, Fennoscandia, and
northwest Siberia (Nilsson and Holmen 1995)) but is not
present in the Alps. A few specimens are labeled as Swiss
but, as they originate from the collection of C. Maerky,
they must be regarded as doubtful. The occurrences in the
literature probably concern O. davisii.

C48) [Hydroporus dorsalis (Fabricius, 1787)]

Published data. ?Basel by Bischoff-Ehinger A. and V
Vevey by de Gautard V. (Stierlin and Gautard 1867); 2
Frauenfeld, Osterhalden [Osterhalde], VIII.1954 by
Hugentobler H. (Hugentobler 1966); "Grangettes, 1900
(Naceur 1997).

Comment. Recently, Bergsten et al. (2012) rehabili-
tated Hydroporus figuratus, a former synonym of H. dor-
salis. Examination of all the “Hydroporus dorsalis” con-
tained in Swiss collections revealed that all were in fact
H. figuratus. Further, all the data in the literature probably
also refer to H. figuratus (see also comment C50 for H.
figuratus). As far as we know, H. dorsalis does not occur
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in Switzerland. However, its range is vast and could in-
clude Switzerland; H. dorsalis is potentially a resident.

C49) [Hydroporus elongatulus Sturm, 1835]

Examined material. 3491 ex., Genéve, Bellerive, 3.VI.,
leg. and coll. Maerky C., MHNG.

Published data. "[Schweiz] by Stierlin G. (Bremi-
Wolf 1856); USchaffhausen by Stierlin G. (Stierlin and
Gautard 1867).

Comment. This species is distributed from central
and northern Europe to Siberia (Guignot 1947). It is rare
throughout its range (Guignot 1947; Nilsson and Holmen
1995; Bameul and Queney 2014). Hydroporus elongatu-
lus is not included in the Swiss list because all the spec-
imens labelled as Swiss come from Charles Maerky’s
problematic collection. However, its presence in Switzer-
land remains possible as it occurs in southern Germany in
Bavaria and Wiirttemberg (Kohler and Klausnitzer 1998),
with its nearest populations located at about 20 km from
Lake Constance (Bleich et al. 2016).

C50) Hydroporus figuratus (Gyllenhal, 1826)

Examined material.>*°2 ex., Basel,leg. Anonymous, NMB;
3494 ex., Peney, 16.VI., leg. Anonymous, coll. Maerky C.,
MHNG; 491 ex., Schweiz, leg. and coll. Stachlin-Bischoft,
NMB; 3492 ex., Suisse, leg. Anonymous, coll. Maerky C.,
MHNG; 3491 ex., Villeneuve, 20.VI., leg. Anonymous, coll.
Maerky C., MHNG; 2 ex., Stein a. Rhein [Stein am Rhein],
Staffel, 19.111.1879, 24.1V.1884, leg. Boschenstein A.,
NMSH; 3491 ex., Wallis, 1903, leg. de Brenzinger, MHNG;
1 ex., Vevey, 10.V.1904, leg. and coll. Gaud A., MZL; 1
ex., Frauenfeld, Osterhalden, Winkel (Riet), 27.VIII.1954,
leg. and coll. Hugentobler H., NMTG; 12 ex., Kt. Thurgau,
Frauenfeld, VIII.1954, VII.1955, VIIL.1955, leg. and coll.
Linder A., ETH; 7 ex., TG, Frauenfeld, IX.1956, leg. and
coll. Linder A., ETH, MHNG and NMB; 1 ex., Frauenfeld,
Osterhalden, 17.IX.1956, leg. and coll. Hugentobler H.,
NMTG; 11 ex., Kt. Thurgau, Frauenfeld, VI.1967, leg.
Linder A., coll. Allenspach V., Linder A., coll. Scherler P.,
MHNG, NMB and NMBE; 3 ex., Frauenfeld, leg. Linder
A., NMBE; 5 ex., Frauenfeld, 15.1V.1969, leg. Linder A.,
coll. Kiener S. and Spélti A., MHNG; 5 ex., Kt. Thurgau,
Frauenfeld, VIII.1970, leg. Linder A., coll. Ochs W. and
coll. Kiener S., MHNG and NMBE; 5 ex., Schafthausen SH,
3.V.2023, 12.1X.2023, leg. and coll. Chittaro Y., Cosandey
V. and Sanchez A.

Comment. Recently, Bergsten et al. (2012) removed
Hydroporus figuratus from the list of synonyms of H.
dorsalis, considering both species valid. This species is
widely distributed in the Western Palearctic but is absent
from the Balcanic, Iberic, and Italian peninsulas (Berg-
sten et al. 2012). In Switzerland, the species is very rare
and almost all records are from the northeast of the coun-
try. After more than 50 years without any occurrence, it
was rediscovered in 2023 in a small forest marsh in the
canton of Schaffhausen.
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C51) [Hydroporus geniculatus C.G. Thomson, 1856]

Published data. "Forét d’Aletsch by Bugnion E. (Favre
1890).

Comment. Hydroporus geniculatus is a Holarctic spe-
cies reaching Denmark in the south of its distribution (Nils-
son and Holmen 1995). Carron (2005) indicated that the
specimens cited by Favre (1890) were misidentified H. ni-
gellus; unfortunately, these specimens were not found in the
MZL collection where they are supposed to be deposited.

C52) [Hydroporus gyllenhalii Schiedte, 1841]

Examined material. >*91 ex., Basel, leg. Anonymous,
coll. Linder A., ETH.

Published data. "Engadin by von Heyden L. (Stier-
lin and Gautard 1867); YBasel by Knecht (Stierlin 1883);
34972 ex., Basel by Linder, ETH (Carron 2005).

Comment. Only one specimen with imprecise labeling
(no date and imprecise locality) is known from Switzerland.
This specimen is deposited in the Linder collection but was
not collected by him. The other citations in the literature are
very old and unverifiable. Like Carron (2005), we consider
this information as insufficient to include H. gyllenhalii in
the Swiss fauna. This species is distributed in central and
northern Europe. It is locally abundant in Alsace (Callot
1990, 2018) and is known a few kilometers from the Swiss
border in the Vorarlberg in Austria (Brandstetter and Kapp
1995). It is also present in southern Germany (Koéhler and
Klausnitzer 1998), close to the Swiss border (Bleich et al.
2016). The presence of this species in Switzerland remains
therefore possible but needs to be confirmed.

C53) Hydroporus kraatzii Schaum, 1867

Examined material. 3 ex., Scarl, 6.VIII.1918, leg. and
coll. Handschin E., BNM; 2 ex., Suisse, Valais, Praz de
Fort, 9.V1.1976, 26.VII.1989, leg. Besuchet C., MHNG;
1 ex., Le Mazé, Les Mouilles, 29.V.1977, leg. Matthey
W., MHNN; 1 ex., Helv., Kt. Bern, Napf, 9.V.1979, leg.
Kiener S., MHNG; 1 ex., Bedretto TI, 4.VII.2004, leg.
Carron G., ETH; 14 ex., Bedretto TI, 16.VIL.2005, leg.
Carron G., ETH; 1 ex., Saanen BE, 29.VI1.2017, leg. and
coll. Cosandey V.; 1 @, 2 &, Diemtigen BE, 1.VIL.2021,
9.1X.2021, leg. Wiithrich R.; 5 ex., Trient VS, 29.V1.2022,
leg. and coll. Cosandey V.

Published data. YEngadine, Pontresina, dans I’Inn,
YAlpes bernoises, Petite Scheidegg and YAlpes bernoises,
Wengernalp (Guignot 1931-1933); ?1 ex., GR, Col de la
Fliiela, 2400 m, 16.VIL.1976 by Scherler P. and ?1 ex.,
VS, Val Ferret, Lacs de Fenétre, 5.VIIL.1957 by Scherler
P. (Brancucci 1979b); 1 ex., Buffalora Alm (Graubiinden),
Néhe Ofenpass, 1983, by Schaeflein H. (Schaeflein 1989).

Comment. This species occurs very locally in the
mountainous regions of Europe, from the French Alps
(Haute-Savoie and Isére according to Guignot (1947) and
Bameul and Queney (2014)) to Bulgaria and Poland. In
Switzerland, it is known from a dozen localities scattered

throughout the Alps. As mentioned by Carron (2005), the
individuals cited by Brancucci (1979c) are misidentified
H. longulus. Hydroporus kraatzi has a semi-subterranean
ecology, which probably explains, at least partially, the
rarity of its observations (Fery 2009).

C54) Hydroporus longicornis Sharp, 1871

Examined material. 2 ex., VD, Pramagnon, V.1964,
leg. Toumayeff G., MHNG; 1 ex., Kt. Bern, Reuti-
gen, VII.1967, leg. and coll. Linder A., ETH; 1 ex.,
VD, Grangettes, V.1972, leg. Toumayeff G., MHNG; 2
ex., Vaud, Prévondavaux, 2.V.1974, leg. Comellini A.,
MHNG; 1 ex., Vaud, La Rippe, 4.1V.1976, leg. Comellini
A., MHNG; 1 ex., Helvetia, VD, St. Tryphon, Les Iles,
5.X.1978, leg. Sekaly V., coll. Scherler P., NMBE; 1 &',
Riggisberg BE, 12.VI1.2021, leg. and coll. Cosandey V.;
1 ex., Trélex VD, 17.1V.2022, leg. and coll. Cosandey V.

Published data. Les Grangettes, leg. Tourmojew [ Tou-
mayeff G.] and 6 ex., St-Tryphon, Les Iles, 5.X.1978 by
Sekaly V. (Brancucci 1979¢); YUmbrail-Pass in Graubiin-
den, 2200 m, 13.VII.1978 by Réssler G., det. Schaeflein
H. (Schaeflein 1983); 1 ex., Trélex VD, 2022, by Cosand-
ey V. (Pétremand et al. 2023).

Comment. This semi-subterranean species is very
discreet and colonizes springs and small water resurgences
(Nilsson and Holmen 1995; Carron 2005). It is known
from a very limited number of occurrences in Switzerland,
mainly at the foot of the Jura (Pétremand et al. 2023). The
alpine specimens cited by Schaeflein (1983) could refer to
other species of black Hydroporus from high altitudes. This
species is more widely distributed in the Palaearctic region
than H. kraatzi, which has a similar ecology.

CS55) [Hydroporus morio Aubé, 1838]

Published data. YBergliseeli by Heer O., YKlausenpass
by Heer O. and YPriinellalp im Engadin [Piz Priinella]
by Heer O. (Heer 1837); YPBodensee by Téschler M. and
YSt. Gallen by Téschler M. (Téschler 1872); V1 Fuorn,
17.1X.1934 by Nadig A. (Handschin 1963); "La Vracon-
naz, 1985 by Mulhauser G. (Mulhauser et al. 1987).

Comment. This species is distributed in the north of the
Holarctic region. No Swiss specimen has been found in
the examined collections. The occurrences in the literature
probably concern other Hydroporus species, in particular
H. melanarius with which a taxonomic confusion has aris-
en (see Carron 2005). The presence of H. morio remains
possible in Switzerland, however, as it is present in south-
ern Germany in the Land Bayern (Ko6hler and Klausnitzer
1998) even though the nearest locality is more than 100 km
from the Swiss border (Bleich et al. 2016).

C56) [Hydroporus notatus Sturm, 1835]
Published data. YTourbiére du Cachot by Matthey W.

(Matthey 1971); "La Vraconnaz, 1985 by Mulhauser G.
(Mulhauser et al. 1987).
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Comment. This Euro-Siberian species colonizes
northern Europe from France to Siberia (Guignot 1947;
Nilsson and Holmen 1995). In France, it is cited in the
north and east of the country (Guignot 1947; Bameul and
Queney 2014) but is not known in Alsace (Callot 2018).
In southern Germany, the nearest population is located
in the Land Bayern (Kohler and Klausnitzer 1998), more
than 200 km away from the Swiss border (Bleich et al.
2016). In Switzerland, no specimens attest its presence
in the country. The literature occurrences could not be
verified but certainly concern related species. Curiously,
the species was not discussed by Carron (2005).

C57) [Hydroporus obsoletus Aubé, 1838]

Examined material. >*¥1 ex., Basel, leg. Anonymous,
NMB.

Published data. "Basel in einem kleinen Bach im
Friithjahr by Bischoff-Ehinger A. (Stierlin and Gautard
1867); "Bois de Chénes, Ferreyres-Moiry by Scherler P.
(Scherler et al. 1989).

Comment. According to Guignot (1947), this species
colonizes the sublittoral regions of Western Europe, from
Norway to Spain and Portugal, via Italy and North Africa.
In Germany, the nearest populations are located at more
than 200 km from the Swiss border (Bleich et al. 2016).
In France, it is only known from the south of the coun-
try and in Corsica (Bameul and Queney 2014). In Italy,
it is also known from the southern part of the country
(Franciscolo 1979). Only one specimen with imprecise
labeling (no date and imprecise locality) is known from
Switzerland. It should therefore be disregarded. The pub-
lished occurrences probably concern other misidentified
Hydroporus species (Carron 2005), as is the case for the
Scherler et al. (1989) citation, which probably concerns
a misidentified H. discretus. Hydroporus obsoletus does
not belong to the Swiss fauna.

C58) Hydroporus scalesianus Stephens, 1828

Examined material. 3 ex., Pfiffikon ZH, 8.1X.2008, leg.
Carron G., ETH; 10 ex., Ziirich ZH, 7.V.2024, leg. and
coll. Chittaro Y., Cosandey V. and Sanchez A.

Published data. Auslikerriet, Pfaffikon, 8.1X.2008 by
Carron G. (Carron 2009).

Comment. This species is distributed from France
(northern half, center, and southwest, according to
Bameul and Queney [2014]) to Great Britain. It was
also recorded in northern Italy (Franciscolo 1979),
the Czech Republic, and Russia (Nilsson and Holmen
1995). In Switzerland, it has only been found twice in
two marshes near Zurich. As this species is known from
Vorarlberg in Austria, near the mouth of the Rhine in
Lake Constance (Brandstetter and Kapp 1995), as well
as in southern Germany (Kdhler and Klausnitzer 1998;
Bleich et al. 2016), it should be found in other localities
of northeastern Switzerland.
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C59) [Hydroporus striola (Gyllenhal, 1826)]

Published data. YEconaz by Favre E. and "Guercet prés
Martigny by Favre E. (Favre 1890); 23 ex., bei Leuk,
V1.1942 by Linder A. (Linder 1946);?Scuol, 1.VIIL.1946
by Linder A. (Handschin 1963); ?Egnach, Schilfboden
gegen Salmsach, X.1962 by Hugentobler H. and VSt. Gal-
len by Téschler M. (Hugentobler 1966).

Comment. This Holarctic species is distributed in
northern and central Europe and reaches as far east as
Sibiria. All specimens labeled as H. striola in Swiss col-
lections were misidentified and referred to other species
(Carron 2005). All the data in the literature probably also
concern misidentified specimens, as in the case of the
specimens from Leuk (Linder 1946) and Scuol (Hand-
schin 1963), which are in fact H. incognitus and the one
from Egnach (Hugentobler 1966), which was H. palus-
tris. This species is not considered part of the Swiss fau-
na but could be present in the country, as indicated by
localities in Alsace (Callot 1990, 2018), and in Vorarl-
berg a few kilometers from the border (Brandstetter and
Kapp 1995), as well as in southern Germany (Kdhler and
Klausnitzer 1998; Bleich et al. 2016).

C60) [Hydroporus tessellatus (Drapiez, 1819)]

Published data. ?Laghetto Chiasso by Fontana P. (Fon-
tana 1922).

Comment. The published occurrence concerned a
misidentified H. marginatus (Carron 2005). This spe-
cies occurs throughout France but is more common in
the Mediterranean region (Guignot 1947; Bameul and
Queney 2014). As it is widely distributed in Italy (Fran-
ciscolo 1979), its presence in southern Ticino cannot be
ruled out but needs to be confirmed.

C61) [Graptodytes flavipes (Olivier, 1795)]

Examined material. ***®1 ex., Aarau, leg. Anonymous,
NMAA; 34683 ex., Suisse, Argovie, leg. Anonymous, coll.
Maerky C., MHNG; 34691 ex., Bern, leg. Anonymous,
ETH; 34693 ex., Genf, leg. and coll. Lasserre H., ETH;
34687 ex., Kt. Wallis, leg. Taschler M., coll. Linder A.,
ETH; 34692 ex., Martigny, leg. Favre E., HGSB; 382 ex.,
Suisse, Valais, leg. Anonymous, coll. Maerky C., MHNG;
34686 ex., Valais, 7.1V.1904, leg. and coll. Gaud A., MZL.
Published data. "Bern by von Ougspurger F. P.,
YGenf by Lasserre H. and YZiirich by Heer O. (Heer
1837); YWallis by Venetz 1. (Stierlin and Gautard 1867);
34689Martigny by Favre E. (Favre 1890); DYvonand-
Estavayer-le-lac, Grande Carigaie, 1995 by Badstuber A.
(Mulhauser 1997); "Grangettes,1992 (Naceur 1997).
Comment. This species is mainly distributed in the
Mediterranean region. In France, it is present in coastal
areas and is rarely found elsewhere (Bameul and Queney
2014). It reaches the Netherlands and Great Britain
along the coast. Unlike Carron (2005), who considered
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this species indigenous (probably on the basis of the
specimen from Martigny), we do not consider it to be
Swiss on the basis of the information available; all the
individuals examined come from problematic collections
whereas the literature occurrences cannot be verified.
In Germany, the species is also no longer considered
indigenous; although there are some records from the
nineteenth century, these have not since been confirmed,
and the species is not included in the latest German red
list (Spitzenberg et al. 2016).

C62) [Graptodytes ignotus (Mulsant & Rey, 1861)]

Examined material. >*%®2 ex., Kt. Bern, leg. Téschler
M., coll. Linder A., ETH.

Published data. **¢®2 ex., Kt. Bern by Téschler M.,
ETH (Carron 2005).

Comment. This meridional species is distributed in the
western Mediterranean region of Europe and North Africa
(Guignot 1947). It reaches as far north the Lyon region
in France (Bameul and Queney 2014) and Piedmont and
Liguria in Italy (Franciscolo 1979). Graptodytes ignotus is
notretained as part of the Swiss fauna because the specimens
labeled as “Swiss” are associated with the problematic
collector M. Téschler (see Monnerat et al. 2015).

C63) [Graptodytes varius (Aubé, 1838)]

Published data. "Bern by von Ougspurger F. P. (Heer
1837); "Bord du Rhone a Aigle by Jaccard H. (Favre
1890).

Comment. While distributed in southern Europe
and North Africa, this species is absent from Germany
(Kohler and Klausnitzer 1998). In France, it is restricted
to the south of the country and Corsica (Guignot 1947;
Bameul and Queney 2014), as it is in Italy (Franciscolo
1979). According to Carron (2005), the Jaccard collection
has been lost, so citations in the literature remains unver-
ifiable. This species does not belong to the Swiss fauna.

C64) [Metaporus meridionalis (Aubé, 1838)]

Published data. V4 ex., Genf by Tournier H. (Carron 2005).

Comment. This species has a western mediterranean
distribution (Toledo and Hosseinie 2003). It is known
from North Africa, the Iberian Peninsula, southwestern
France (Bameul and Queney 2014), and northeastern It-
aly (Franciscolo 1979), as well as Corsica, Sardinia, and
Sicilia. The specimens cited by Carron (2005), which
should be deposited in the MHNG collection, could not
be found again. In any case, Metaporus meridionalis does
not belong to the Swiss fauna.

C65) Rhithrodytes crux (Fabricius, 1792)

Examined material. 10 ex., TI, Indemini, Laveree,
VIL.1971, leg. Toumayeff G., MHNG; 6 ex., Indemini,

20.VIII.1971, leg. and coll. Scherler P., NMBE; 1 ex., Su-
isse, Vaud, Arzier, ruisseau, 28.VIII.1994, leg. Besuchet
C., MHNG.

Published data. Indemini, VII.1971 by Toumayeff
G. (Allenspach 1978); 1 ex., Arzier VD, 28.VIII.1994 by
Besuchet C., MHNG (Carron 2005).

Comment. This rare species is only known from It-
aly, France, and Switzerland. In Switzerland, R. crux is
known from two distant localities, one in Ticino and the
other in the canton of Vaud. This species colonizes tor-
rents and streams in limestone regions. In France, it is
known from Haute-Savoie and the southeast of the coun-
try (Bameul and Queney 2014), while it is mentioned in
northwest Italy (Franciscolo 1979).

C66) [Stictonectes lepidus (Olivier, 1795)]

Examined material. %92 ex., Genéve, leg. Anony-
mous, MHNG.

Published data. 2 ex., Genéve, '¥2 ex., Genéve
by Tournier H., MHNG and "¥1 ex., Yverdon VD, Moor
am Seeufer, 1953 by Besuchet C., MZL (Carron 2005).

Comment. According to Guignot (1947), this is a
western European species, distributed from Portugal to
the British Isles and as far west as Germany. In France,
Guignot (1947) and Bameul and Queney (2014) men-
tion its presence over almost the entire country but indi-
cate that it is absent from the Paris region and the north-
ern and eastern regions. In Italy, it is not considered
indigenous (Franciscolo 1979). In Germany, there are
two reliable records of the species (Schlaeflein 1989;
Bleich et al. 2016), but the species is not considered
established and is therefore not assessed in the latest na-
tional red list (Spitzneberg et al. 2016). We also believe
that the species is not established in Switzerland ei-
ther. In Switzerland, Carron (2005) claims to have seen
a specimen from Yverdon collected by C. Besuchet.
However, this individual could not be found in the col-
lections consulted. If this specimen shows up again, it
would have to be regarded as erratic; this region was
very well prospected in the last decades and the species
was never found again.

C67) [Hydrovatus clypealis Sharp, 1876]

Published data. '¥Basel and '®*Katzensee (Stierlin 1900).
Comment. As already mentioned by Carron (2005), no
specimen of H. clypealis was collected in Switzerland
and the species can therefore not be considered indige-
nous. This species mainly colonizes the coastal areas of
the British Isles, the Iberian Peninsula, Italy, the Bal-
kans, and North Africa. In France, this sporadic species
is known by sparse occurrences, mostly situated on the
littoral and sublittoral areas (Guignot 1947; Bameul and
Queney 2014), like in Italy, where its septentrional limit
is situated at more than 100 km from the Swiss border
(Franciscolo 1979).
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C68) Hygrotus (Coelambus) confluens (Fabricius, 1787)

Examined material. 341 ex., Genéve, Aire, leg. and
coll. Maerky C., MHNG; 3492 ex., Genéve, Cointrin,
leg. Preudhomme de Borre C. F. P. A, coll. Maerky C.,
MHNG; 91 ex., Genéve, leg. Anonymous, MHNG; 3492
ex., Pomy, leg. Taschler M., coll. Spélti A., MHNG; 3491
ex., Suisse, leg. Anonymous, MHNG; 3491 ex., Suisse,
leg. Anonymous, coll. Maerky C., MHNG; 3493 ex., Su-
isse, Vaud, leg. Preudhomme de Borre C. F. P. A, coll.
Maerky C., MHNG; 3491 ex., Rouelbeau, 22.1V., leg.
and coll. Maerky C., MHNG; 3495 ex., Genéve, Villette,
1.VL, 6.VL, 18.VL, leg. and coll. Maerky C., MHNG;
34091 ex., Genéve, Rouelbeau, 26.IV., leg. and coll.
Maerky C., MHNG; *#91 ex., Genéve, Sionnet, 5.V., leg.
and coll. Maerky C., MHNG; 3491 ex., Genéve, Sierne,
9.V., leg. and coll. Maerky C., MHNG; 3494 ex., Villette,
1.VIL, leg. and coll. Maerky C., MHNG; 1 ex., Lac de
Joux, IX.1909, leg. and coll. Gaud A., MZL; 3 ex., Hel-
vetia, BE, Liesberg, 6.VI.1976, leg. Brancucci M., NMB;
1 ex., Kt. Bern, Bern, IV.1977, leg. and coll. Linder A.,
ETH; 4 ex., Helv., Kt. Bern, Burgéschisee, 11.111.1978,
leg. Kiener S., MHNG; 1 ex., Helv., Kt. Bern, Burgischi-
see, 9.VIIL.1979, leg. Kiener S., MHNG; 1 ex., VD, Bio-
ley-Orjulaz, VII.1983, leg. Toumayeft G., MHNG; 5 ex.,
VD, Bioley O[rjulaz]., L. Cofty, VIII.1983, leg. Touma-
yeff G.,, MHNG; 1 ex., VD, Bavois, Bernoise, IX.1984,
leg. Toumayeft G., MHNG; 1 ex., VD, Bavois, Bernoise,
X.1984, leg. Toumayeft G., MHNG.

Published data. "Bern by von Ougspurger F. P., Lac de
Joux by Mellet L. and "Pomy by Mellet L. (Heer 1837).

Comment. This species is widespread in the Palaearc-
tic region but sporadic in Switzerland as well as in sur-
rounding regions (Franciscolo 1979; Callot 1990; Brand-
stetter and Kapp 1995; Bameul and Queney 2014; Bleich
et al. 2016). It was last found in Switzerland in 1984.

C69) [Hygrotus
(Ahrens, 1812)]

(Coelambus)  parallelogrammus

Examined material. >*1 ex., Suisse, Aarberg, leg. and
coll. Maerky C., MHNG; 392 ex., Genf, leg. Téschler
M., coll. Spilti A., MHNG; 392 ex., Suisse, Regens-
dorf, 14.VI, leg. and coll. Maerky C., MHNG; 3491 ex.,
Geneve, 24.X11.1904, leg. Gaud A., MZL.

Published data. "Genf (Heer 1841); Ziirich by Isen-
schmid M. (Stierlin 1883); "Gegend von Schafthausen by
Stierlin G. (Stierlin 1900); 3*91 ex., Genf, 24.XI1.1904
by Gaud A., MZL, 3492 ex., Genf and 392 ex., Regens-
dorf ZH by Maerky C., MHNG (Carron 2005).

Comment. The few individuals labeled as “Swiss” all
come from problematic collections and cannot therefore
be considered reliable, while the data in the literature are
impossible to verify. This species does not belong to the
Swiss fauna, contrary to the opinion of Carron (2005). Al-
though this species is widely distributed in the Palaearc-
tic region (from Spain to eastern Siberia), it is absent
from regions close to Switzerland. For example, it is not
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known in Alsace (Callot 2018), while the nearest popula-
tions in Germany are located at more than 150 km from
the Swiss border (Bleich et al. 2016). Generally, in Italy
as in France, this species is found mainly in coastal areas
(Franciscolo 1979; Bameul and Queney 2014).

C70) Hygrotus (Hygrotus) quinquelineatus (Zetterst-
edt, 1828)

Examined material. 1 ex., SO, Seewen, VII.1956, leg.
Toumayeff G., MHNG; 1 ex., Altenrhein, 21.V.1967, leg.
Hugentobler H., NMSG; 1 ex., Suisse, St. Gall, Alten-
rhein, marais, 6.V1.1976, leg. Besuchet C., MHNG; 1
ex., Leuggern AG, 26.V.2004, leg. Lubini V., ETH; 1 ex.,
Stein am Rhein SH, 12.X.2004, leg. Lubini V., ETH.

Published data. 1 ex., Altenrhein, IV.1961 by Linder
A. and 1 ex., Seewen SO, im Bassin des Elektrizitéts-
werkes, 12.VIL.1957 by Toumayeff G. (Allenspach 1978).

Comment. This species is distributed throughout the
northern Palaearctic region. It is considered part of the
Swiss fauna based on only five captures, all made in the
northeast of the country, mainly near Lake Constance. It
could be present more widely in northern Switzerland
as it is well distributed in Alsace (Callot 1990, 2018), in
Vorarlberg near the mouth of the Rhine (Brandstetter and
Kapp 1995), and in Baden north of Lake Constance as
well as along the Rhine north of Basel (Ko6hler and Klaus-
nitzer 1998; Bleich et al. 2016).

C71) [Hyphydrus aubei Ganglbauer, 1891]

Examined material. 31 ex., Genéve, leg. Anony-
mous, MHNG; %91 ex., Schaff-hsn. [Schaffhausen],
leg. and coll. Burghold W., NMBE.

Published data. >*%9]1 ex., Schaffhausen, 1978, coll.
Burghold W., NMBE and **¢¥1 ex., Genf, MHNG (Car-
ron 2005).

Comment. The two specimens examined are too in-
completely labeled to allow this southern species to be
considered part of the Swiss fauna. Moreover, these two
localities are hardly credible if we consider that H. aubei
is absent from adjacent regions. In France, it is only pres-
ent in the west of the country and in the southern half
(Bameul and Queney 2014) and is not recorded for Al-
sace (Callot 2018), the occurrences being based on a
problematic collection. It is also absent from Germany
(Bleich et al. 2016). In Italy, its nearest populations are
located at more than 100 km from the Swiss border (Fran-
ciscolo 1979). Contrary to the opinion of Carron (2005),
we do not include this species in the Swiss list.

C72) [Aulonogyrus (Aulonogyrus) striatus (Fabricius,
1792)]

Examined material. 3**®1 ex., Crevin, coll. Maerky
C., MHNG; 34691 ex., Plan les Ouates, coll. Maerky C.,
MHNG; 34691 ex., Sionnet, coll. Maerky C., MHNG; 34682
ex., Pl. les-Ouates, Genéve, 11.IV,, coll. Maerky C., MHNG;
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34681 ex., Sionnet, 16.V., coll. Maerky C., MHNG; 34691
ex., Jura, Gimel, 10.VL, coll. Maerky C., MHNG; 34691 ex.,
Carouge, 11.VL, coll. Maerky C., MHNG; 34991 ex., Alpes,
Lavey, 12.VL., coll. Maerky C., MHNG; 34691 ex., Jura,
Gimel, 6.VIL, leg. Maerky C., MHNG; 34491 ex., Suisse,
Regensdorf, 14.VIL, coll. Maerky C., MHNG; 34681 ex.,
Sionnet, 20.VIL., coll. Maerky C., MHNG.

Published data. "CH [Switzerland] (Brancucci 1994).

Comment. This species is distributed in the
Mediterranean region in Europe, North Africa, and Asia
(Hajek and Fery 2017). In Italy, its nearest populations are
located more than 200 km from the Swiss border (region
of San Remo) (Fanciscolo 1979). All the specimens
examined come from the problematic collection of C.
Maerky, which should not be considered. Consequently,
Aulonogyrus striatus does not belong to the Swiss fauna,
as already pointed out by Carron (2008).

C73) |Gyrinus (Gyrinus) aeratus Stephens, 1835]

Examined material. ¥1 ex., Suisse, Zurich, leg. Preud-
homme de Borre C.F.P.A., coll. Maerky C., MHNG.

Published data. PCH [Switzerland] (Brancucci
1994); YGrande Carigaie, Portalban-Cudrefin, 30.X.1993,
16.VII1.1994 (Scherler 1995).

Comment. This species is widely distributed in north-
ern and eastern Europe, Asia, and the Nearctic region
(Hajek and Fery 2017). It is absent from Alsace (Callot
2018) and only mentioned in old records from south-
ern Germany (Bleich et al. 2016). The specimen in the
MHNG collection belongs to the problematic collection
of C. Maerky and should therefore not be taken into ac-
count. Although P. Scherler’s collection is credible, the
specimens he cited (Scherler 1995) were not found in his
collection and must therefore have considered misidenti-
fied material, as already assumed by Carron (2008). This
species does not exist in Switzerland.

C74) |Gyrinus (Gyrinus) caspius Ménétriés, 1832]

Examined material. >*%®1 ex., Genéve, Rouelbeau, coll.
Maerky C., MHNG; 34691 ex., Suisse, leg. Anonymous,
coll. Maerky C., MHNG; 34691 ex., Genéve, Vessy, coll.
Maerky C., MHNG.

Published data. "CH [Switzerland] (Brancucci 1994);
D? Grangettes (Naceur 1997).

Comment. The only three “Swiss” specimens exam-
ined are from Charles Maerky’s collection and should
not be considered, while the literature citations are not
verifiable. In addition, and although widely distributed in
the Palaearctic region (Hajek and Fery 2017), the spe-
cies is not mentioned in regions neighboring Switzerland.
Indeed, in Germany, the species only exists in the north
(Kohler and Klausnitzer 1998; Bleich et al. 2016), where-
as in France it colonizes the Mediterranean area and the
coastal areas of the Atlantic Ocean and the English Chan-
nel (Guignot 1947). Gyrinus caspius is not part of the
Swiss fauna, as already indicated by Carron (2008).

C75) |Gyrinus (Gyrinus) colymbus Erichson, 1837]

Published data. YKatzensee and YZiirich am Horn
(Heer 1841); YSchaffhausen by Stierlin G. (Stierlin and
Gautard 1867); ?Champagnes de Fully by Favre E.,
Yentre Guercet et pont de vers I’Eglise de Fully by Favre
E. (Favre 1890).

Comment. There are no Swiss specimens of this spe-
cies in the collections examined. The specimens cited
by Favre (1890) were Gyrinus substriatus, and the other
citations are not supported by any specimen, but prob-
ably refer to misidentified G. distinctus (Carron 2008).
In addition, the species is not known from the regions
surrounding Switzerland. It is not included in the list for
Alsace (Callot 2018), nor in the German fauna (Kohler
2011; Bleich et al. 2016), while it is only known from a
very old record in Vorarlberg, Austria (Brandstetter and
Kapp 1995), which is probably doubtful. In Italy, the few
records from the northern third of the country are unreli-
able (Franciscolo 1979). Despite its wide distribution in
the Palaearctic region (Héajek and Fery 2017), particularly
in the Mediterranean zone, this species is not included in
the Swiss fauna.

C76) |Gyrinus (Gyrinus) dejeani Brullé, 1832]

Examined material. >*91 ex., Suisse, coll. Maerky C.,
MHNG.

Comment. This species is mainly distributed in the
Mediterranean region (Hajek and Fery 2017). In the
north, it reaches central Italy (Franciscolo 1979), while
in France it reaches the Lyon region (Guignot 1947). In
Switzerland, only one specimen from the collection of C.
Maerky is labeled as Swiss, without any further details.
This collection being problematic, it should not be con-
sidered. As already pointed out by Carron (2008), this
species does not belong to the Swiss fauna.

C77) |Gyrinus (Gyrinus) natator (Linnaeus, 1758)]

Published data. YHelvetia (Heer 1841); Ziirich by Di-
etrich K. (Dietrich 1865); "Buchser-See [Buchs SG] by
Rietmann O., YSt. Gallen by Taschler M., Yzwischen Ror-
schach und Horn am Bodensee by Téschler M. (Téschler
1872); YRheintal bis Thusis and YSchiers by Wirz, Y
Kastris bei Killias E. (Caflisch 1894); PGegend von
Schaffhausen by Stierlin G. (Stierlin 1906); PChiasso by
Fontana P. (Fontana 1947); YTourbiére du Cachot by Mat-
they W. (Matthey 1971).

Comment. No Swiss specimens exist in the examined
collections, as already mentioned by Carron (2008). Lit-
erature references to specimens that could be located in
collections turned out to be misidentified G. substriatus
or G. suffriani. Widely distributed in Europe (Hajek and
Fery 2017), this Euro-Siberian species is known from
Wiirttemberg, near the Swiss border (Kohler and Klaus-
nitzer 1998; Bleich et al. 2016). Its (past?) presence in the
north of Switzerland therefore remains a possibility.
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C78) |Gyrinus (Gyrinus) opacus C.R. Sahlberg, 1819]

Published data. "¥[Schweiz] ? (Bremi-Wolf 1856); ¥
Ziirich by Heer O. (Stierlin and Gautard 1867).

Comment. This species is only cited from Switzer-
land by two old literature sources, without any reference
specimen in the consulted collections. Gyrinus opacus is
distributed in the north of the Holarctic region (Héjek and
Fery 2017) and does not belong to the Swiss fauna.

C79) |Gyrinus (Gyrinus) urinator Illiger, 1807]

Examined material. >*°®1 ex., Basel, coll. Dietrich K.,
ETH; 34693 ex., Suisse, Bern, leg. Preudhomme de Borre
C.FP.A., coll. Maerky C., MHNG; 3**¢¥] ex., Carouge,
leg. and coll. Maerky C., MHNG; 34691 ex., Katzensee,
leg. Heer O., ETH; 34694 ex., Katzensee, leg. Téschler
M., coll. Spilti, MHNG; 3491 ex., Suisse, Regensdorf,
leg. Preudhomme de Borre C.F.P.A., coll. Maerky C.,
MHNG; 34693 ex., Suisse, leg. Anonymous, coll. Mae-
rky C., MHNG; 34683 ex., Suisse, Tessin, leg. Preudhom-
me de Borre C.F.P.A., coll. Maerky C., MHNG; 34691
ex., Vessy, leg. and coll. Maerky C., MHNG; 34691 ex.,
Suisse, Zurich, leg. Preudhomme de Borre C.F.P.A.,
coll. Maerky C., MHNG; 3#¢¥1 ex., Genéve, Carouge,
21.V,, leg. and coll. Maerky C., MHNG; 34691 ex., Jura,
Thoiry, 21.V1., leg. and coll. Maerky C., MHNG; 34681
ex., Suisse, Regensdorf, 11.VIIL., leg. and coll. Maerky C.,
MHNG; 34691 ex., Jura, Burtigny, 15.VIL,, leg. and coll.
Maerky C., MHNG; 34692 ex., Alpes, Orsiéres, 15.VIL.,
leg. and coll. Maerky C., MHNG; 3+¢91 ex., Alpes, Bex,
22.VIL., leg. and coll. Maerky C., MHNG; 3*¢¥1 ex.,
Jura, Biere, 22.VIL, leg. and coll. Maerky C., MHNG;
34681 ex., Jura, Le Vaud, 11.VIIL., leg. and coll. Maerky
C., MHNG; 34692 ex., Alpes, Schuls, 16.VIIIL., leg. and
coll. Maerky C., MHNG.

Published data. YDiibendorf and YKatzensee (Heer
1841); YBern by Isenschmid M. (Stierlin 1883).

Comment. Most specimens of G. urinator depos-
ited in Swiss collections are related to the collection of
C. Maerky and cannot be considered reliable (Carron
2008; Monnerat et al. 2015). Carron (2008) nevertheless
considered this species indigenous based on specimens
from Diibendorf, Katzensee, and Basel. However, as
these collections are not entirely reliable and the labels
incomplete, we consider that the information available
is insufficient to retain this species for Switzerland. Fur-
thermore, this species has a mainly southern distribution
(Hajek and Fery 2017) and does not occur in regions ad-
jacent to Switzerland.

C80) [Brychius glabratus (A. Villa & G.B. Villa, 1835)]
Published data. "[Schweiz] by Heer O. (Bremi-Wolf
1856); YTessin by Heer O. (Stierlin and Gautard 1867).

Comment. In Switzerland, there are only two impre-
cise references in the literature. They are not supported
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by specimens in Swiss collections and therefore cannot
be considered valid, even if this species is easily iden-
tified. Currently endemic to Italy (van Vondel 2017), its
presence in canton Ticino remains possible (Franciscolo
1979) but needs to be confirmed, as already mentioned by
Carron (2008).

C81) [Haliplus (Haliplus) apicalis C.G. Thomson, 1868]

Published data. ®Yvonand-Estavayer-le-lac, Grande
Carigaie, 1995 (Mulhauser 1997).

Comment. In Switzerland, this species is only men-
tioned in Mulhauser’s (1997) publication on the fauna
of the Grande Carigaie nature reserve, but no specimens
have been deposited in any of the collections examined.
This species is distributed in the northern part of the Hol-
arctic region (van Vondel 2017) and does not exist in
Switzerland or in neighboring regions.

C82) [Haliplus (Haliplus) fulvicollis Erichson, 1837]

Published data. "Britten, 25.V1.1854 and 15.IX.1854
by Dietrich K. (Dietrich 1865); PSchaffhausen by Stier-
lin G. (Stierlin and Gautard 1867); "La Rivaz in Tessin
[Riva] by Frey-Gessner E. (Stierlin 1883); VSisselen
(Stierlin 1900).

Comment. Only very old literature sources mention
this species for Switzerland and no reference specimen
has been found in the Swiss collections, as already noted
by Carron (2008). It is possible that these occurrences are
the result of confusions with the nomen of H. flavicollis.
This species exists in Germany but is absent or dubious-
ly present in the southern Lander close to Switzerland
(Kohler and Klaunitzer 1998; Kohler 2011), while in
France it is known only from the north of the country and
from the Ardennes (Bameul and Queney 2014). Although
widely distributed (van Vondel 2017), this Euro-Siberian
species appears to be absent from Switzerland.

C83) Haliplus (Haliplus) immaculatus Gerhardt, 1877

Examined material. 1 ex., Genf, leg. Taschler M.,
MHNG:; 2 ex., Rheinau, IV.1913, leg. and coll. Jorger
J. B.,, NMB; 1 ex., Zch, Dietikon, 19.111.1938, leg. and
coll. Allenspach V., NMB; 2 &, SO, Seewen, VII.1956,
leg. Toumayeff G., MHNG; 1 ex., Kt. St. Gallen,
Altenrhein, VII.1968, leg. and coll. Linder A., ETH; 1
ex., Helvetia, NE, Entre deux Monts, mare, 13.VI1.1976,
leg. Brancucci M., NMB; 1 &, CH, FR, Kleinbosingen,
Auried, 27.V.1991, leg. Hoess R., NMBE; 4 ex., Ar-
lesheim, Wider, 7.V.1992, 15.V.1992, leg. Anonymous,
NMB; 3 &, BL9999 [Anwil, Talweiher], 8.VII.1997,
leg. Auderset Joye D., LEBA; 1 &, ZG0043, Plans d'eau
CH [Risch, Binzmiihleweiher], 6.VIII.1997, leg. Oertli
B., LEBA; 1 &, BS0010 [Riehen, Autal], 9.VII.1998,
leg. Oertli B., LEBA; 1 ex., Jussy GE, 22.VII.2002,
leg. Oertli B., LEBA; 1 &, Le Chenit VD, 9.VII.2005,
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leg. Carron G., ETH; 2 ex., Seltisberg BL, 27.1V.2010,
leg. Brancucci M., coll. Geiser M., NMBE; 1 &, 1 @,
Vandoeuvres GE, 2.1V.2012, leg. Anonymous; 1 &, Rot-
tenschwil AG, 3.V.2021, leg. Birnstiel E., MZL; 1 &,
Rottenschwil AG, 6.1X.2021, leg. and coll. Birnstiel E.;
1 &, Bettens VD, 13.VIIL.2021, leg. and coll. Chitta-
ro Y.; 1 &, Yvonand VD, 13.VIIL.2021, leg. and coll.
Chittaro Y.; 2 &, Yvonand VD, 9.1X.2021, leg. and coll.
Cosandey V.; 2 &, Yvonand VD, 17.V1.2022, leg. and
coll. Cosandey V.

Published data. "Hemberg, Bendelmoos, VI.1959
by Hugentobler H. (Hugentobler 1966); "Untervaz by
Jorger J. (Linder 1967); YMarais de Kloten, 3.IX.1969 by
Gassmann M. (Gassmann 1974).

Comment. The dissection of most males of Haliplus
(Haliplus) spp. deposited in Swiss natural history collec-
tions has enabled clarification of the distribution of H.
immaculatus, which is rare in Switzerland. It is mainly
present on the Plateau and in the Jura but seems absent
from the Alpine valleys and Ticino. It occurs in northern
and central Europe (van Vondel 2017).

C84) [Haliplus (Haliplus) lineolatus Mannerheim, 1844]

Published data. YUntervaz by Jorger J. B. (Linder 1967).

Comment. As mentioned by Carron (2008), no speci-
men originating from Switzerland is deposited in a Swiss
museum and no literature citations exist. The citation
from Linder (1967) concerns Haliplus wehnckei Ger-
hardt, 1877, falsely considered a synonym of H. lineola-
tus (whereas it is a synonym of H. sibiricus). This species
appears to be erroneously cited for Switzerland in the
Palaearctic catalogue by van Vondel (2017). Known in
Germany in the Wiirttemberg region (Kohler and Klaus-
nitzer 1998) and recently in Bavaria (Bleich et al. 2016),
this Euro-Siberian species remains a possibility in Swit-
zerland. According to Bameul and Queney (2014), the
citations from France (Guignot 1947) are erroneous and
refer to H. sibiricus. This species is also absent from Italy
(Franciscolo 1979).

C85) Haliplus (Liaphlus) fulvus (Fabricius, 1801)

Examined material. **91 ex., Aarau, leg. Blosch C.,
NMAA; 3392 ex., Basel, leg. Anonymous, NMB;
3407 ex., Katzensee, leg. Taschler M., MHNG; 1 ex.,
Schafthausen, leg. Anonymous, ETH; 1 ex., Schafth., leg.
Boschenstein A., NMSH; 2 ex., Wiedl. See [Widlersee],
14.1V.1880, leg. Boschenstein A., NMSH; 1 ex., Vaux
[Vaux-sur-Morges], 10.VI.1901, leg. and coll. Gaud A.,
MZL; 1 ex., Wallis, 1908, leg. de Brenzinger, ETH; 1 ex.,
Nidau, IX.1910, leg. Mathey A., NMBE; 1 ex., Rheinau,
IV.1913, leg. and coll. Jorger J. B., NMB; 5 ex., BE, Nidau,
9.VIIL.1921, leg. Mathey A., NMBE; 15 ex., Kt. Bern,
Biiren a. A., V.1938, 1V.1939, X.1943, V.1946, V.1947,
VI.1950, leg. and coll. Linder A., ETH; 1 ex., Katzensee,
6.111.1948, leg. and coll. Allenspach V., NMB; 1 ex.,

marniere, Hauterive, Neuchatel, Suisse, 25.V.1951, leg.
Aellen V., MHNG; 1 ex., OW 0167 [Sarnen, Sewensee,],
23.VIIL.1996, leg. Oertli B., LEBA; 5 ex., Oberwil BL,
26.1V.2023, leg. and coll. Cosandey V.; 11 ex., Bonfol JU,
12.V1.2023, leg. and coll. Chittaro Y.; 1 ex., Flaach SH,
12.1X.2023, leg. and coll. Sanchez A.

Published data. YBern by von Ougspurger F. P,
YGenf by Chevrier F., YJura by Mellet L., "Lac de Joux
by Mellet L., YNeuchatel by Mellet L., "Pomy by Mellet
L. and YVall-Orbes by Mellet L. (Heer 1837); ?Guercet
prés Martigny by Favre E. and "Vaux , V., by Bugnion
E. (Favre 1890); ?nel Lago a Riva S. Vitale, VI.1914 by
Fontana P. (Fontana 1922); VFrauenfeld, Ziegelweiher im
Gill, VII.1953 by Hugentobler H. (Hugentobler 1966).

Comment. Among all European Haliplidae, H. fulvus
has the widest distribution (van Vondel 1997); it is
present in most of the Palaearctic region and in the north
of the Nearctic, colonizing various sections of water
(fresh and brackish) with rich Characeae vegetation
(van Vondel 1997). Surprisingly, it has been recorded
only sporadically in Switzerland. It was found again in
2023 in three localities in the north of the country. The
specimens cited by Favre (1890) from Martigny were in
fact H. obliquus, while those from Riva S. Vitale cited by
Fontana (1922) were H. flavicollis.

C86) Haliplus (Liaphlus) mucronatus Stephens, 1828

Examined material. >*>91 ex., Basel, leg. Anonymous,
NMB; 1 ex., Basel, coll. Stierlin G., MHNG; 2 ex., Burg-
dorf, coll. Ritzer A., NMBE and NMSO; 1 ex., Diiben-
dorf, leg. Anonymous, ETH; 1 ex., Genéve, leg. Boschen-
stein A., NMSH; 3391 ex., Schaffhausen, leg. Téschler
M., MHNG; 2 ex., Valais, leg. Favre E., HGSB; 34591 ex.,
Suisse, leg. Anonymous, MHNG; 1 ex., Zch, Dietikon,
leg. Keller, coll. Allenspach V., NMB; 2 ex., Geneve, leg.
and coll. Gaud A., MZL; 2 ex., Dh. [Diessenhofen TG],
1848, leg. and coll. Brunner J., NMSH; 1 ex., Wagner
Riedt [Wangener Riedt], 28.VIIIL.1864, leg. and coll. Di-
etrich K., ETH; 1 ex., Peney, 20.111.1875, leg. Boschen-
stein A., NMSH; 1 ex., Aire, 23.VIL.1877, leg. Boschen-
stein A., NMSH;1 ex., Dorfl. [Dorflingen], 6.1X.1877,
leg. and coll. Brunner J., NMSH; 1 ex., Vaux [Vaux-sur-
Morges], 6.VI.1881, leg. and coll. Bugnion E., MZL; 1
ex., Kt. Bern, Aarwangen, 1X.1929, leg. and coll. Linder
A.,ETH; 1 ex., CH, K. Zii, Oberengstringen, 25.111.1932,
leg. and coll. Allenspach V., NMB; 1 ex., Aff., Ziirich
Umg., 10.VIIL.1941, leg. and coll. Wolf J.-P., ETH; 1 ex.,
Haénsiried, Ziirich Umg., 10.VIIL.1941, leg. and coll. Wolf
J.-P., ETH; 2 ex., Hénsiried, Ziirich Umg., 17.1X.1941,
leg. and coll. Wolf J.-P., ETH; 1| ex., Warth-Weiningen,
Ochsenfurt, 30.VIL.1952, leg. and coll. Hugentobler H.,
NMTG; 5 ex., Cartigny GE, 18.VII1.2021, leg. and coll.
Cosandey V.; 1 ex., Avusy GE, 9.1X.2021, leg. and coll.
Cosandey V.; 2 ex., Cartigny GE, 9.1X.2021, leg. and
coll. Cosandey V.; 4 ex., Cartigny GE, 10.1X.2021, leg.
and coll. Chittaro Y.
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Published data. Diibendorf by Bremi-WolfJ. J. and "
Wallis by Lasserre H. (Heer 1837); VT6s [Toss] ob Dit-
tlikon in Lachen (Heer 1841); YNiederschwerzenbach,
28.VIIIL.1864 by Dietrich K. (Dietrich 1865); YMiihlen-
thal bei Schaffhausen by Stierlin G. (Stierlin and Gautard
1867); "Genf by Boschenstein A. (Stierlin 1883).

Comment. This species is distributed in central and
southern Europe, in the coastal areas of Morocco and
Libya, as well as in Turkey, Iraq, and along the Black
Sea (van Vondel 1997). It is very sporadic north of the
Loire River in France (Bameul and Queney 2014). In
Switzerland, historical occurrences of H. mucronatus are
sporadically distributed at low elevation on the Plateau
and in Geneva (Carron 2008, Fig. 7A). Substantial survey
efforts in the canton of Geneva have led to its rediscovery
after more than 50 years without data (Cosandey 2023).
This species is found in fresh and brackish waters, and
often colonizes gravel or Characeae clay quarries (Foster
and Friday 2011; van Vondel 1997).

C87) Peltodytes rotundatus (Aubé, 1836)

Examined material. 1 ex., Moulin de Vert, GE,
IV.1953, leg. Simonet J., coll. Toumayeff G., MHNG; 2
ex., M.lin de Vert, 24.1V.1953, leg. Simonet J., MHNG;
5 ex., Geneéve, Moulin de Vert, 3.VIII.1984, leg. Be-
suchet C. and Scherler P., MHNG, NMBE; 1 ex., Ver-
bois, 14.VIII.1986, leg. and coll. Scherler P., NMBE;
1 ex., Versoix, Combe Chapuis, 10.IV.1995, Ileg.
Anonymous, LEBA; 1 ex., PLOCH GE0010 [Bois des
Mouilles], 4.VII.1996, leg. Anonymous, LEBA; 1 ex.,
Versoix GE, 7.V1.2003, leg. Carron G., ETH; 2 ex., Ver-
soix GE, 22.V.2005, leg. Carron G., LEBA; 4 ex., Rus-
sin GE, 12.VIL.2005, leg. Carron G., ETH; 1 ex., Pre-
gny-Chambésy GE, 2.1V.2012, leg. Anonymous; 2 ex.,
Laconnex GE, 23.1V.2020, leg. and coll. Cosandey V.; 1
ex., Meyrin GE, 23.1V.2020, leg. and coll. Cosandey V.;
1 ex., 15.1X.2021, Versoix GE, leg. and coll. Cosand-
ey V.; 2 ex., Laconnex GE, 24.VIII.2021, leg. and coll.
Cosandey V.; 1 ex., 27.VIIL.2021, Gy GE, leg. and coll.
Cosandey V.; 1 ex., Jussy GE, 7.X.2021, leg. and coll.
Cosandey V.; 6 ex., Meyrin GE, 7.X.2021, leg. and coll.
Cosandey V.; 3 ex., Collex-Bossy GE, 28.1V.2022, leg.
and coll. Cosandey V.; 4 ex., Mendrisio TI, 22.V.2023,
leg. and coll. Chittaro Y. and Sanchez A.

Published data. 9 ex., Cartigny, Moulin-de-Vert,
1953, 1984 by Toumayeft, 1 ex., Veytay, Gouille Marion,
1990 by Besuchet, 1 ex., Versoix, étang de Combe-Cha-
puis, 2003, 1 ex., étang de Richelien, 2005 and 4 ex., Rus-
sin, Teppes, 2005 (Carron 2008).

Comment. Peltodytes rotundatus could be expand-
ing in Switzerland; historical records of this species are
very rare, whereas it has recently been found regularly in
the canton of Geneva in the last 20 years (Carron 2008;
Cosandey 2023) and was detected for the first time in Ti-
cino in 2023. This species is distributed mainly in south-
ern Europe and North Africa.
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C88) Hygrobia hermanni (Fabricius, 1775)

Examined material. 1 ex., Aigle, leg. and coll. Favre
E., HGSB; %91 ex., Bienne, leg. and coll. Maerky C.,
MHNG; 3491 ex., Suisse, Bienne, leg. and coll. Maerky
C., MHNG; 3491 ex., Crevin, leg. and coll. Maerky C.,
MHNG; 3491 ex., Genéve, leg. and coll. Maerky C.,
MHNG; 3492 ex., Genf, leg. and coll. Lasserre H., ETH;
3401 ex., Genf, leg. and coll. Spélti A., MHNG; 491
ex., Genéve, Plan les Ouates, leg. and coll. Maerky C.,
MHNG; 3491 ex., Suisse, leg. Turretini, coll. Maerky
C., MHNG; 3*91 ex., Suisse, Carouge, leg. Frey, coll.
Maerky C., MHNG; 3492 ex., Suisse, Meyrin, leg. Frey,
coll. Maerky C., MHNG; 3491 ex., Genéve, Veyrier, leg.
and coll. Maerky C., MHNG; 3492 ex., Genéve, Villette,
leg. and coll. Maerky C., MHNG; 3*91 ex., Bienne,
18.V., leg. and coll. Maerky C., MHNG; 3491 ex.,
Crevin, 25.VL, leg. and coll. Maerky C., MHNG:; 4 ex.,
Aigle, 4.VI.1908, 14.VI1.1912, leg. and coll. Gaud A.,
MZL; 3 ex., Bavois, VD, IV.1972, leg. Toumayeft G.,
coll. Linder A., ETH and MHNG; 22 ex., VD, Bavois,
V. and VI.1972, leg. Toumayeff G., MHNG; 34 ex.,
Bavois, 13.V.1972, leg. and coll. Scherler P., NMBE;
1 ex., VD, Bavois, Bernoise, 1X.1972, leg. Toumayeff
G., MHNG; 1 ex., VD, Goumoens, Tuilerie, V.1974, leg.
Toumayeff G., MHNG; 12 ex., VD, Bavois, VIII.1975,
leg. Toumayeff G., MHNG; 29 ex., VD, Bavois,
Bernoise, VI.1983, VIII.1984, 1X.1984, leg. Toumayeff
G., MHNG; 1 ex., VD, Bavois, Cristallin, VIII.1984, leg.
Toumayeff G., MHNG; 10 ex., CH, FR, Kleinbosingen,
Auried, 15.X1.1990, 21.111.1991, 19.IX.1991, leg.
Hoess R., NMBE; ? ex., GE, Bardonnex, Evordes,
Drize, II1.1995, leg. Perfetta J.; 1 ex., Hochfelden,
26.1V.1996, leg. Ettmiiller W.; 7 ex., Jura, Bonfol,
Champ de manche, 4.1X.1998, leg. Carron G., ETH; 1
ex., Meyrin GE, 2005, leg. Sandoz F.-A.; 1 ex., Ballens
VD, 9.V.2005, leg. and coll. Chittaro Y.; 5 ex., Meinier
GE, 13.IX.2005, leg. Carron G., ETH and LEBA; 1
ex., Vandoeuvres GE, 2.IV.2012, leg. Anonymous; 1
ex., Jussy GE, 26.VI.2012, leg. Anonymous; 1 ex.,
La Chaux (Cossonay) VD, 30.VIL.2016, leg. and coll.
Chittaro Y.; 3 ex., Bougy-Villars VD, 3.IV.2017, leg.
and coll. Cosandey V.; 4 ex., Gy GE, 14.1X.2020, leg.
and coll. Cosandey V.; 1 ex., Jussy GE, 18.V.2022, leg.
and coll. Cosandey V.

Published data. "Genf by Lasserre H. (Heer 1837);
YJorat by Heer O. (Stierlin and Gautard 1867); Aigle by
Jaccard H. (Favre 1890); Champ de Manche, 1998 by
Carron G. (Carron 1999).

Comment. Widespread in Western Europe, only
sparse records exist in Switzerland, which could be
explained by the difficulty of catching the specimens.
The species is a bottom-dweller that lives in muddy,
stagnant water and prefers small, silty ponds rich in de-
tritus and dense vegetation (Dettner 1997). Moreover,
they can burry themselves in the substrate of ponds
and remain there up to 30 minutes, rising to the sur-
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face only briefly to breathe (Dettner 1997). They can
also leave aquatic habitats for long periods (Kovac and
Maschwitz 1990). Larvae hunt Tubifex worms in the
mud (Dettner 1997).

Discussion

This study represents an update of the previously pub-
lished lists of Carron (2005, 2008) dealing with the Hy-
dradephaga of Switzerland. Based on a large and robust
dataset, the faunal knowledge of this group in Switzer-
land can now be considered solid. Occurrence maps for
the species retained as part of the Swiss fauna are avail-
able on the info fauna map server (www.infofauna.ch;
https://lepus.infofauna.ch/carto). All the data have been
transmitted to GBIF, making this work part of a global
understanding of biodiversity. This study is part of a wid-
er project to update our knowledge of the fauna of aquatic
beetles in Switzerland, following on from the work on
Hydrophiloidea by Cosandey et al. (2023), but is also a
further step towards a complete comprehension of the
beetle fauna of Switzerland (e.g., Chittaro et al. 2021;
Sanchez and Chittaro 2022).

We can confirm the native status of most of the species
retained by Carron (2005, 2008, 2009), with the excep-
tions of seven species (Deronectes opatrinus, Grapto-
dytes flavipes, Gyrinus urinator, Hydaticus continentalis,
Hygrotus parallelogrammus, Hyphydrus aubei, and Stic-
tonectes lepidus), which we excluded for various reasons
(see comments for each species). On the other hand, we
can now confirm the presence in Switzerland of Dytiscus
circumflexus and Rhantus suturellus, excluded by Carron,
as well as the recently described Boreonectes alpestris.
The Swiss list of Hydradephaga now contains a total

of 139 species whose presence (past or present) can be
considered certain. As observed worldwide, Dytiscidae
is the most diverse family of Hydradephaga in Switzer-
land (113 species), followed by Haliplidae (16 species),
Gyrinidae (7 species), Noteridae (2 species), and Hygro-
biidae (1 species).

The distribution map of Hydradephaga species rich-
ness in Switzerland shows that most of the areas with
high species diversities are located in lowlands and in
thermophilous areas of Switzerland (Fig. 1A). Howev-
er, several species (also) occur at high elevations (Fig.
1B), underlining the importance of Switzerland for the
conservation of some localized and highly specialized
alpine species. Certain species are restricted to peat
bogs like Hydroporus obscurus and Ilybius crassus (Fig.
2, blue squares), or to high elevation alpine ponds like
Ilybius erichsoni (Fig. 2, green squares), Agabus con-
gener (Fig. 3, blue squares), and 4. lapponicus (Fig. 3,
green squares). These two last species are both pres-
ent in the Alps, but do not appear to occur in the same
ponds. According to Nilsson (1987) the temperature of
the waterbody could be the limiting factor, with 4. lap-
ponicus restricted to cooler habitats. Ilybius erichsoni
appears to be reaching the western limit of its distribu-
tion in the Swiss Alps. It is localized and only occurs
in a few isolated alpine ponds (Fig. 2, green squares)
where it can be abundant. Another rare alpine species is
Hydroporus kraatzi, which was recently rediscovered in
France by Queney (2006) and is sporadically present in
Switzerland. It is widely distributed in the Alps, but its
catches are exceptional (although it can be abundant).
This semisubterranean species may be easier to catch
after heavy rainfalls (V. Cosandey pers. obs.), perhaps
displaced into the streams from its habitat situated not
directly in the water (Fery 2009). It is interesting to note
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Figure 1. Distribution of species richness of Hydradephaga in Switzerland. A. Map with the total number of species recorded per

5x5 km grid, all data and all years combined. The lowland areas of Switzerland are generally those with the highest diversity of

Hydradephaga, but some rich areas are also found on higher elevations; B. Altitudinal distribution of species richness. All altitudinal

information (where provided) for each species was considered and aggregated by 200 m altitudinal class.
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25
[

Figure 2. Occurrence maps of two alpine rare species with restricted distribution in Switzerland. /lybius crassus (blue squares) is
only found in a few peat bogs of the Jura mountains and in rare ponds of the Northern Alps, while Ilybius erichsoni (green squares)
is restricted to some alpine ponds situated at high elevations, where it can be abundant.

Figure 3. Occurrence maps of two common sister-species Dytiscidae from mountainous regions. Agabus congener (blue squares)
and Agabus lapponicus (green squares). They do not seem to occur together in the same ponds even if their distributions overlap.

that Switzerland appears to be at the southern limit of
the distributions for many northern species, which only
reach the northern slopes of the Alps (Ilybius crassus,
Nebrioporus assimilis) or the lowlands in the northeast
of the country (Agabus undulatus, Dytiscus circum-

alpineentomology.pensoft.net

flexus, Hydaticus transversalis, Hydroporus figuratus,
Hydroporus scalesianus, Hygrotus quinquelineatus, and
Ilybius guttiger, for example).

In parallel to the work done in museums, our target-
ed field surveys (visiting 361 km?, for a total of 4,327
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occurrences) carried out during the last five years have
provided new data for most of the Swiss species (n =
123), representing 88% of the Hydradephaga signaled
in the country. This research led to some surprises, such
as the rediscovery in Switzerland of Agabus brunneus
(Fig. 4A), Haliplus mucronatus (Fig. 4B), Ilybius cras-
sus, Hydaticus transversalis, Hydroporus figuratus (Fig.
4C), Hydroporus longicornis, and Nebrioporus assimilis,
as well as the rediscovery of Dytiscus circumcinctus by
our colleague Emil Birnstiel. All these species had not
been reported in Switzerland for 25 years or more. How-
ever, our research did not uncover any new species for
Switzerland, although several species are known from
neighboring regions and remain potential. This is the case
for example for Ilybius montanus (Stephens, 1828) cited
from Alsace by Callot (2018), for Agabus unguicularis
(C.G. Thomson, 1867) known from southern Germany
(Kohler and Klausnitzer 1998; Kohler 2011), and espe-
cially for Hydroporus striola, H. gyllenhalii, and Ilybius
wasastjernae (C.R. Sahlberg, 1824). Some of these spe-
cies could effectively be present in Switzerland. Howev-
er, the species accumulation curve (Fig. 5) clearly seems
to plateau, indicating that our knowledge of this fauna is
very good and probably not far from exhaustive.

The 16 Swiss species (= 12%) that we have not found
in the last 5 years indicate the probable loss of a large
proportion of them, such as Hydaticus grammicus (last
Swiss observation in 1942), Dytiscus latissimus (1948),
Dytiscus circumflexus (1954), Rhantus bistriatus (1957),
Ilybius subaeneus (1958), Rhantus notaticollis (1971),
Rhantus frontalis (1977), Hygrotus confluens (1984),

Nebrioporus canaliculatus (1990), and Rhitrodytes crux
(1994), which have not been reported in Switzerland for
at least 25 years (minimum duration considered in the
German Red List of Spitzenberg et al. (2016) for a spe-
cies to be considered extinct). For others, there are more
recent observations, but their disappearance is already to
be expected, such as Scarodytes halensis, reported for the
last time by Carron in the canton of Geneva in 2007 and
which has not been found in the last five years despite
intensive surveys in the canton (see Cosandey 2023). In
general, a large number of Hydradephaga species have
declined over time, and even if they still exist in our
country, they have become extremely rare such as Dy-
tiscus semisulcatus (see comparison with the congeneric
and very similar Dytiscus marginalis, which remained
stable over time Fig. 6), Haliplus mucronatus (see com-
parison with Haliplus heydeni, Fig. 7), or even probably
have disappeared like Gyrinus minutus (see comparison
with Gyrinus substriatus, the only common species of
the genus in Switzerland:, Fig. 8A, B). A comparison of
the relative proportions of localities (considered as 5 x
5 km areas) between two 30-year periods (1964—-1993
versus 1994-2023, 1994 being the year of publication
of Brancucci’s red list for Switzerland) for each species
known from more than five localities during the two pe-
riods shows that several species that are still widespread
have nevertheless declined sharply in Switzerland. The
steepest declines were seen among Agabus paludosus
(-62%), Agabus biguttatus (-60%), Hydroporus mela-
narius (-44%), Hydroporus nigellus (-42%), Agabus
lapponicus (-39%), Bidessus grossepunctatus (-35%),

Figure 4. Examples of Hydradephaga species recently rediscovered in Switzerland. Habitus of A. Agabus brunneus (rediscovered
in 2021, previous record in 1915); B. Haliplus mucronatus (rediscovered in 2021, previous record in 1952), and C. Hydroporus
figuratus (rediscovered in 2023, previous record in 1970). Scale bars: 2 mm. (Photos V. Cosandey)
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Figure 5. Accumulation of Hydradephaga species recorded in
Switzerland through time. The year in which each species was
first recorded in Switzerland was taken into account and grouped
into 25-year periods. The curve clearly plateau since a few de-
cades, indicating that this group is well-known in Switzerland.

1lybius fuliginosus (-32%), Deronectes aubei (-28%), Ily-
bius aenescens (-28%), and Rhantus latitans (-28%).
This negative trend is easily explained; in Switzerland,
80-88% of wetlands have been destroyed (Kiichler
et al. 2018), most of them having been drained to gain
arable land or for urban development. As a result, 90% of
wetland types are on the national red list of habitat types
(Delarze et al. 2016). The correction of watercourses and
the poisoning of waters by industry and agriculture are
also major factors (Brancucci 1994), like the ongoing

eutrophication of suitable waters and the gradual decrease
in rainfall in recent years in the planar and hilly regions
(Spitzenberg et al. 2016).

However, some species may also expand, such as Hydro-
vatus cuspidatus, which has gained ground in recent decades
(Carron and Merz 2012), but also apparently Graptodytes
bilineatus, Rhantus grapii, and Peltodytes rotundatus. Col-
onization (or recolonization) capacity depends to a large ex-
tent on the flight capacity of the various species. Iversen et
al. (2017) highlighted the large difference in flight capability
between Acilius spp. and Graphoderus spp., which is direct-
ly visible in the colonization rates of newly created ponds.
In Switzerland too, Acilius spp. are more common and wide-
spread than Graphoderus spp., with G. bilineatus and G. zo-
natus declining for decades in Switzerland.

Now that all the historical data held in the collections
of Swiss natural history museums have been databased,
Hydradephaga need an urgent revision of their red list;
our data shows that some statuses proposed by Brancucci
(1994) are inadequate. For example, Graphoderus
cinereus appears on the red list as being more threatened
than G. austriacus or G. bilineatus, as already mentioned
by Carron (2005). However, our results show that
G. austriacus is potentially extinct in Switzerland, while
G. bilineatus is in steep decline (Knoblauch and Gander
2019): only three populations are currently known in
Switzerland, whereas G. cinereus is fairly common and
widespread in Switzerland. It is likely that Brancucci

Dytiscus semisulcatus

<2000

<2000

22000

Figure 6. Changes in the distribution of two congener Dytiscidae over time. Occurrences of a species in steep decline, Dytiscus
semisulcatus A. Before 2000 and B. After 2000. Occurrences of a morphologically similar species remaining common, Dytiscus

marginalis; C. Before 2000 and D. After 2000.
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Figure 7. Changes in the distribution of two Haliplidae species over time. Occurrences of Haliplus mucronatus, a species recently
rediscovered in Switzerland A. Before 2000 and B. After 2000. Occurrences of Haliplus heydeni, a common and widely distributed
species in Switzerland A. Before 2000 and B. After 2000.

Gyrinus minutus
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Figure 8. Changes in the distribution of two Gyrinidae species over time. Occurrences of a probably extinct species, Gyrinus minu-
tus A. Before the years 2000 and B. After. Occurences of Gyrinus substriatus, the most common Gyrinidae in Switzerland C. Before
the years 2000 and D. After 2000.
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attributed these statuses in direct inspiration from his
work on the ecology of Dytiscidae in the Grande-
Carigaie reserve (VD/FR/NE), where he found more G.
bilineatus than G. cinereus (Brancucci 1980). In addition,
Brancucci’s (1994) red list includes many non-native
species that have never been present in Switzerland, such
as Agabus subtilis, Ilybius similis, Dytiscus lapponicus,
Hydroporus striola, Aulonogyrus striatus, and Gyrinius
caspius, as Carron (2005, 2008) already mentioned, and
as our systematic data collection confirms. A revision of
the Red List is therefore highly desirable.
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Abstract

A new species of concealer moths (Oecophoridae), Denisia cryptica sp. nov., is described from specimens collected in the
south-western Alps (Italy, France). It differs from similar congeneric taxa of the Denisia stipella species-group by a combined pat-
tern of colour and markings of the forewing upperside, the colour of the head, particularly the yellow second segment of the labial
palpi, and by highly divergent DNA barcode (cytochrome c-oxidase subunit 1) sequences. Male and female genitalia are like several
other species, with only subtle diagnostic characters. Adult and partially genitalia of D. cryptica sp. nov. and the closest European

species are shown for comparison. Finally, a complete checklist of European species of Denisia is added.

Key Words

Cottian Alps, cryptic morphology, endemism, France, Italy, Oecophorinae

Introduction

Denisia is one of the species-rich genera in Europe within
the family Oecophoridae, which is represented here by 139
species (Lepiforum 2024). 23 species of Denisia have been
recorded in Europe (Lepiforum 2024). Remarkably, four
of these species were only discovered in the 21* century
(Huemer 2001; Lvovsky 2007; Corley 2014; Nel and Va-
renne 2019), although one of them, Denisia lutea Varenne
& Nel, 2019, has been incorrectly synonymized with the
North African Denisia curlettii Lvovsky & Koster, 1996
(Leraut 2023; Nel and Varenne 2024). No additional con-
generic species are currently known from Asia. However,
two species are recorded from North America, viz. Denisia
yukonella Lvovsky, 2007 and Denisia haydenella (Cham-
bers, 1877), with the former now considered as junior
synonym of Brymblia quadrimaculella (Chambers, 1975)
(Pohl and Landry 2023). This synonymization reflects the
general lack of a phylogenetic analysis of the subfamily
Oecophorinae. Consequently, the generic delimitation of
Denisia and other genera requires further investigation,
particularly through extensive molecular analyses.

Only a few species like Denisia stipella (Linnaeus,
1758) and Denisia similella (Hiibner, 1796) are widely
distributed across the continent, especially in the temper-
ate zones, while the vast majority have more localized
ranges. Particularly, the various major mountain systems
in Europe such as the Pyrenees, Alps, or Caucasus, as
well as large Mediterranean islands, are partly inhabited
by regional endemism. However, recently studied molec-
ular data suggest a significantly underestimated species
diversity, especially among species with allopatric distri-
bution patterns (Huemer and Mutanen 2015; Zlatkov and
Huemer 2017; Huemer 2022; Huemer and Wieser 2023).

The preimaginal life habits of Denisia species are
insufficiently explored and often completely unknown.
Tokar et al. (2005) mainly cite the bark of decaying or
dead wood, rarely also lichens growing on trees, as lar-
val substrates for the Central European fauna. Howev-
er, there appear to be two trophic adaptation strategies:
a large group of species, as far documented, lives on
dead wood, while the other, as primarily demonstrated by
Schmid (2019) for D. rhaetica (Frey, 1856), feeds on li-
chens growing on rocks. Typical megabiomes of Denisia

Copyright Peter Huemer. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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species thus encompass both forest habitats and rocky en-
vironments, extending into the alpine zone.

In the course of a comprehensive survey of Lepidop-
tera in the nature parks of the Cottian Alps (northwestern
Italy) (Huemer and Wieser 2023), a new and previously
unknown species of the genus Denisia has now been dis-
covered, thanks to rigorous molecular identification con-
trols using DNA barcoding.

In addition, a comprehensive checklist of European
Denisia is provided in this paper.

Materials and methods

A total of 224 specimens of phenotypically similar Deni-
sia have been examined morphologically: 4 D. cryptica sp.
nov., 22 D. nubilosella, 133 D. stipella, 37 D. similella, 23
D. fuscicapitella (all Central Europe), and 1 D. subaquilea
(Spain), 2 D. obscurella (Finland), 2 D. luticiliella (Rus-
sia). External and internal morphology of North American
D. haydenella is based on Hodges (1974) and BOLD, with
supplementing comments and unpublished figures from
Landry (in litt.). Further externally very distinct species
were only considered for genetic analysis. The material is
preserved in the Research Collection of Tiroler Landesmu-
seum Ferdinandeum (Austria). Species identification is
based on the phenotypic characteristics of the adults and
partly confirmed by dissections and DNA barcoding.

Tissue samples (a single hind leg) from three D. cryp-
tica sp. nov. were prepared according to prescribed stan-
dards to obtain DNA barcode sequences of an optimally
658 bp segment of the mitochondrial COI gene (cyto-
chrome c oxidase subunit 1). The material was successful-
ly processed at the Canadian Centre for DNA Barcoding
(CCDB, Biodiversity Institute of Ontario, University of
Guelph) using the standard high-throughput protocol de-
scribed in deWaard et al. (2008). In addition, 155 public
and private barcode sequences of 19 species of Denisia
in the Barcode of Life Data Systems (BOLD; Ratnasing-
ham and Hebert 2007; Ratnasingham 2018) were used for
analysis. All barcode sequences, except for two shorter se-
quences of D. pyrenaica, range between 560 and 658 bp.
Further details including complete voucher data and im-
ages can be accessed in the public dataset DS-DENISIA1
“Denisia sp.n. - Alps” dx.doi.org/10.5883/DS-DENISIA1
in the Barcode of Life Data Systems BOLD (Ratnasing-
ham and Hebert 2007).

All sequences were assigned to Barcode Index Num-
bers (BIN), algorithm-based operational taxonomic units
that provide an accurate proxy for the true species. BINs
were automatically calculated for records in BOLD that
comply with the DNA Barcode standard (Ratnasingham
and Hebert 2013).

Degrees of intra- and interspecific variation of DNA
barcode fragments were calculated using the Kimura
two-parameter model on the platform of BOLD systems
v. 4.0. (https://boldsystems.org). A Neighbor-Joining tree
was constructed using the Kimura two-parameter model
in MEGA7 (Kumar et al. 2016).

alpineentomology.pensoft.net

Photographs of adults were taken with an Olympus
OM-D Mark IIT camera and a 60 mm macro lens, gen-
italia photographs with a Zeiss Axiolab 5 microscope,
mounted with an Olympus OM-D Mark III camera. 60 to
90 stacked photographs were edited using Helicon Focus
4.8 and Adobe Photoshop 6.0.

A linguistic review was conducted on ChatGPT.

Abbreviations. TLMF = Tiroler Landesmuseum Fer-
dinandeum, Innsbruck, Austria.

Results

Molecular analysis

Molecular analysis is based on 158 DNA barcodes se-
quences for 19 Denisia species including selected public
sequences from BOLD. The interspecific distances to the
nearest neighbor vary from 4.3% to 9.3% per species pair,
except for a species pair with alleged barcode sharing.
Intraspecific barcode variation is generally much lower,
with a maximum of 1.5% in most species but exceeds
4% in three species (see discussion) (Table 1, Fig. 1). The
sequences grouped into 23 distinct and strongly divergent
clusters, each with different BINs (except for Denisia
pyrenaica and Denisia graslinella which currently have
no BINs attached).

4 Denisia stipella (n=34; AUT, FIN, ITA, NOR)

L———— 1 Denisia cryptica (n=3; ITA)

Denisia nubilosella (n=8; AUT, ITA)

—< Denisia rhaetica (n=11; CHE, FRA, ITA)

4 Denisia haydenella (n=29; CAN, USA)

{ Denisia luticiliella (n=4; FIN, LVA)

H Denisia similella (n=23; AUT, DEU, FIN, NLD, NOR)

Denisia coeruleopicta (n=1; GEO)

{ Denisia stroemella (n=6; AUT, DEU, FIN, ITA)

Denisia lutea (n=1; FRA)

{ Denisia augustella (n=8; AUT, GRC, ITA)

Denisia albimaculea (n=4; ITA, NOR)

Denisia luctuosella (n=2; FRA, ITA)

Denisia subaquilea (n=1; ESP)

Denisia muellerrutzi (n=2; ITA)

—————————— g Denisia pyrenaica (n=5; FRA)
Denisia obscurella (n=5; FIN)
Denisia fuscicapitella (n=11; FRA, ITA)

—
0.01=1%

Figure 1. Neighbor-Joining tree of Denisia spp. (Kimura 2-pa-
rameter, built with MEGA7 (Kumar et al. 2016); Note: the scale
bar only applies to internal branches between species. Width
of triangles represent sample size, depth the genetic variation
within the cluster. Source: DNA Barcode data from BOLD,
DS-DENISIALI (Barcode of Life Database; Ratnasingham 2018).
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Table 1. Intraspecific mean K2P (Kimura 2 Parameter) divergences, maximum pairwise distances, Barcode Index Number (BIN),

nearest species, distance to nearest neighbour (NN) (distances in %) of Denisia spp. Source: DNA Barcode data from BOLD,
DS-DENISIA1 (Barcode of Life Database, cf. Ratnasingham 2018).

Species Mean Intra-Sp  Max Intra-Sp BIN Nearest Species Dist. NN
Denisia albimaculea 2.23 5.51 BOLD:ACW8519; Denisia augustella 7.13
BOLD:ACE2328
Denisia augustella 0.13 0.36 BOLD:ACW5127 Denisia stipella 5.72
Denisia coeruleopicta N/A 0 BOLD:AEH2382 Denisia haydenella 8.34
Denisia cryptica 0 0 BOLD:AEF7084 Denisia haydenella 4.9
Denisia fuscicapitella 0.17 1.11 BOLD:AAU3742 Denisia obscurella 4.33
Denisia graslinella N/A 0 - Denisia pyrenaica 0.93
Denisia haydenella 0.63 2.5 BOLD:AAD4867 Denisia cryptica 49
Denisia luctuosella 1.08 1.08 BOLD:AFI9939 Denisia muellerrutzi 7.23
Denisia lutea N/A 0 BOLD:AEG2567 Denisia haydenella 7.89
Denisia luticiliella 0 0 BOLD:AAQ3820 Denisia stipella 7.22
Denisia muellerrutzi 4.58 4.58 BOLD:ACE1985; Denisia luctuosella 7.23
BOLD:ACE1986
Denisia nubilosella 0.17 0.46 BOLD:AAP6545 Denisia stipella 5.73
Denisia obscurella 0.06 0.15 BOLD:AAI9703 Denisia fuscicapitella 4.33
Denisia pyrenaica 0.78 1.26 - Denisia graslinella 0.93
Denisia rhaetica 4.22 6.29 BOLD:AAU0845; Denisia haydenella 5.38
BOLD:AAU0846;
BOLD:AAU0847
Denisia similella 0.71 1.49 BOLD:AAE3459 Denisia haydenella 6.48
Denisia stipella 1.41 3.82 BOLD:AAD6108 Denisia rhaetica 5.31
Denisia stroemella 0 0 BOLD:AAL1494 Denisia fuscicapitella 9.35
Denisia subaquilea N/A 0 BOLD:ACA9737 Denisia luctuosella 8.58

The three available D. cryptica sp. nov. sequenc-
es were assigned to one unique cluster. The mean in-
traspecific p-distance of D. cryptica sp. nov. is 0%
(BIN:BOLD:AEF7084, n=3). The distance to the
nearest neighbor D. haydenella from North America
(BIN:BOLD:AAD4867) (n=92) is 4.9%.

Taxonomy

Denisia cryptica sp. nov.
https://zoobank.org/9D72F563-4785-4CF8-8CF0-B9C718962909
Figs 2,3,8,9, 14, 16, 18

Material examined. Holotype. 11ALY * &'; Prov. Torino,
Fenestrelle, Umg. Pracatinat, Forte delle Valli [type local-
ity part of Orsiera-Rocciavre Nature Park]; 1700—1720 m;
45°2'17"N, 7°4'14"E; 2 June 2022; leg. P. Huemer; DNA
Barcode ID TLMF Lep 32850; TLMF.

Paratypes. ITaLy * 1 &'; same collection data as holo-
type; * 1 &, 1 Q; Prov. Torino, PN Orsiera - Rocciavré,
Villaretto, Gran Faetto, Colletto; 1445 m; 45°0028"N,
07°08'28"E; 19 June 2020; leg. P. Huemer; gen. slides
GEL 13053, 13069 P. Huemer; DNA Barcode IDs
TLMF Lep 29494, TLMF Lep 30299; TLMF. FRANCE °
1 &, Hautes-Alpes, Brunissard, Arvieux; 1900 m; 5 July
1995; leg. J. Nel; gen. slide 31973 J. Nel; TLMF « 1 &,
Alpes-de-Haute-Provence, La Fayée de Lure; 1550 m; 4
July 1998; leg. J. Nel; gen. slide 72257 J. Nel; TLMF.

Diagnosis. Denisia cryptica sp. nov. differs from spe-
cies with similar forewing patterns and coloration by
the yellow-scaled head and the second segment of the

labial palpus, which is at least partially yellow on the
inner side. The overall similar species D. nubilosella
(Figs 4, 5) and D. haydenella have a dark brownish-grey
coloration of the head, which is sometimes mottled
cream-white, particularly in females. However, the labi-
al palps are grey-brown on the inner side with only few
whitish scales on the second segment, lacking the ex-
tended yellow of the new species. Furthermore, the sca-
pus is predominantly grey-brown and not cream-yellow
in both relatives (Figs 10, 11). Additionally, the intense
yellow speckling on the upper surface of the forewings
of D. cryptica sp. nov. is absent in the mentioned species
which at most exhibit some cream mottling, particularly
in females. A dark head and labial palps are also typical
for D. fuscicapitella, D. obscurella and D. caucasiella
which in addition differ by pattern of the forewing up-
perside. Denisia stipella and D. similella (Figs 12, 13)
also have a yellow head and extensive yellow coloration
of the second segment of the labial palpus but both spe-
cies differ immediately from D. cryptica sp. nov. by the
striking yellow pattern of the upper surface of the fore-
wings (Figs 6, 7). Significant differences in forewing
patterns also apply to all other species of the genus. The
male genitalia of D. cryptica sp. nov. are extremely like
several species of Denisia, with at most subtle differenc-
es in the length and shape of the uncus and the valva
(Figs 14, 15). Female genitalia are also very similar to
other species, with potentially diagnostic features such
as the shape of the signum (based on a single specimen)
(Figs 16—-19). However, except for one pair of species,
all sequenced species (19 out of 24) exhibit significant
divergences in DNA barcodes (Fig. 1).
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Figures 2—7. Adults; 2. Denisia cryptica sp. nov., holotype, male, Italy; 3. D. cryptica sp. nov. paratype, female, Italy; 4. D. nubi-
losella, male, Austria; 5. D. nubilosella, female, Austria; 6. D. stipella, male, Germany; 7. D. stipella, female, Germany.

Description. Adult (Figs 2, 3, 8, 9). Head brush
cream-yellow, particularly scales above compound
eye, medially and on frons brownish-yellow; scapus
cream-yellow, with pecten, flagellum grey-brown with
few whitish scales, pectinate in male, filiform in female;
labial palpus recurved, second segment cream-yellow on
inner side, outer surface and third segment grey-brown
mottled with some cream-yellow. Thorax and tegulae

alpineentomology.pensoft.net

grey-brown, mottled with cream-yellow, particularly
in posterior part. Forewing length 7.4—7.6 mm (male),
6.8 mm (female); forewing ground color grey-brown
with extended cream-yellow mottling (cream-withe in
the only available female) except for costal base, medial
dot-like area and apex; fringes dark grey-brown, light-
er in tornal area with small cream-yellow spot at tornus;
hindwing light grey-brown with concolorous fringes;
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Figures 8-13. Adults, head (dorsal and dorsolateral view); 8. Denisia cryptica sp. nov., holotype, male, Italy; 9. D. cryptica sp.

nov. paratype, female, Italy; 10. D. nubilosella, male, Austria; 11. D. nubilosella, female, Austria; 12. D. stipella, male, Germany;

13. D. stipella, female, Germany.

underside of wings unicolorous grey-brown. Legs grey-
brown, mixed with cream at lower surface. Abdomen
grey-brown.

Male genitalia (Fig. 14). Uncus broad and short,
sub-triangular, apically pointed; gnathos massive, sub-
triangular, distinctly longer than uncus, ventral part
with pointed apex, dorsal part with dentate cushion like

structure; valva broadly sub-oval, distal part round-
ed, sacculus broad but weakly demarcated, inner side
largely covered with long setae; saccus broadly round-
ed; juxta lobe long and basally broad with recurved
digitate distal part and upwards curved pointed apex,
phallus short and slender, basally slightly inflated,
without cornuti.
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Figures 14, 15. Male genitalia; 14. D. cryptica sp. nov. paratype, Italy, slide GEL 1305 P. Huemer; 15. D. stipella, Italy, GEL 496
P. Huemer.
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Figures 16-19. Female genitalia, 16-17. Details of segment VIII; 18-19. Signum enlarged 16, 18. D. cryptica sp. nov. paratype,
Italy, slide GEL 1306 P. Huemer; 17, 19. D. stipella, Austria, GEL 932 P. Huemer.

Female genitalia (Figs 16, 18). Posterior apophyses
approximately two times length of segment VIII; an-
terior apophyses approximately reaching the length of
segment VIII. Segment VIII without special processes
or indentations; lateroventral area conspicuously sclero-
tized with some strong setae in posterior part, posterior
edge rounded, anterior edge with advanced acute sclero-
tization that border the indistinctly separated membra-
nous antrum laterally; ventromedial area continuously
covered with numerous tiny microtrichia. Signum very
small, irregularly bounded plate with several thorns on
outer edge.

Biology. Adults have been collected in June at light
(Fig. 20). Host-plant and early stages are unknown.
However, like related species it possibly feeds under the

bark of decaying or dead trees. From the habitat, Pi-
nus sylvestris is the most likely candidate as host plant.
Contrariwise, D. nubilosella seems to be restricted to
Picea abies.

Distribution. Currently only known from two local-
ities in the Cottian Alps (northern part) (Italy) and fur-
thermore from two isolated spots in the French Alps but
likely more widely distributed.

Etymology. The species name refers to the cryptic ap-
pearance of the new species and is derived from the latin
adjective crypticus.

Remarks. Examined specimens from France were
misidentified as D. nubilosella and the occurrence
of that species in the south-western Alps requires
confirmation.
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Figure 20. Type-locality of Denisia cryptica sp. nov. with light equipment used for collecting.

Checklist of European Denisia

Genus Denisia Hiibner, 1825

Denisia Hiibner, 1825. Type species: Phalaena (Tinea)
stipella Linnaeus, 1758

Blepharocera Chambers, 1877 nec Agassiz, 1847 (hom-
onym)

Chambersia Riley, 1891

Denisia stroemella (Fabricius, 1779) (Tinea)
Denisia obscurella (Brandt, 1937) (Borkhausenia)
Denisia rhaetica (Frey, 1856) (Oecophora)
Lampros engadinella Herrich-Schiffer, 1856

Denisia pyrenaica Leraut, 1989

Denisia graslinella (Staudinger, 1870) (Oecophora)
Denisia muellerrutzi (Amsel, 1939) (Borkhausenia)
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Denisia luctuosella (Duponchel, 1840) (Lita)
Lita funestella Duponchel, 1838
Borkhausenia luctuosella sardiniella Amsel, 1936

Denisia ragonotella (Constant, 1885) (Oecophora)

Borkhausenia reducta Walsingham, 1901

Borkhausenia ragonotella f. bifasciella Amsel, 1939
(infrasubsp.)

Denisia augustella (Hiibner, 1796) (Tinea)
[Tinea] moestella Geyer, 1832

Oecophora augustella var. latoniella Milliere, 1875
Lita tiliicolella Bruand, 1859

Denisia piresi Corley, 2014
Denisia albimaculea (Haworth, 1828) (Tinea)
Oecophora albilabris Zeller, 1850
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Oecophora schmidii Saalmiiller, 1881

Schiffermuelleria stauderella Mitterberger, 1914
Schiffermuelleria augustella var. corsicella Caradja, 1920
Borkhausenia albimaculea sardiniella Amsel, 1936

Denisia lutea Varenne & Nel, 2019

Denisia similella (Hiibner, 1796) (Tinea)
Denisia fuscicapitella Huemer, 2001

Denisia luticiliella (Erschoff, 1877) (Oecophora)
Oecophora irroratella Staudinger, 1880

Denisia caucasiella Lvovsky, 2007

Denisia stipella (Linnaeus, 1758) (Phalaena (Tinea))
Phalaena (Tinea) accessella [Denis & Schiffermiiller], 1775
Tinea sulphurella Hiibner, 1796

Tinea tigrella Hiibner, 1813

Lampros westermannella Zetterstedt, 1839

Denisia cryptica sp. nov.

Denisia nubilosella (Herrich-Schiiffer, 1854) (Lampros)
Denisia subaquilea (Stainton, 1849) (Oecophora)
brittanicella Herrich-Schéffer, 1854 [uninominal]

Denisia fiduciella (Rebel, 1935) (Borkhausenia)
Denisia aragonella (Chrétien, 1903) (Oecophora)
Denisia coeruleopicta (Christoph, 1888) (Oecophora)

Remarks. Generic descriptions were published by Tokar
et al. (2005) and are not repeated herein. The systematic
arrangement of species follows Lepiforum (2024) and is
mainly based on superficial morphological resemblance
of wing pattern and genitalia structures. Original generic
assignment in brackets.

Discussion

The discovery of a potentially local endemic species in the
European Alps may come as a surprise at first glance. How-
ever, the Southern Alps exhibit a particularly high degree
of endemism (Huemer 1998). The area of the Cottian Alps
has long been recognized as a hotspot for endemic Lepi-
doptera, and even in the 21* century, several new species
have been described from there (Baldizzone and Gaedike
2004; Gianti 2005; Huemer and Hebert 2011; Nel 2012;
Huemer and Mutanen 2015; Huemer et al. 2020). The sys-
tematic application of molecular methods in identifying
extensive newly collected material, however, suggests an
astonishingly large number of additional, previously over-
looked cryptic species (Huemer and Wieser 2023).

As a fundamental issue in the delineation of Denisia
species, the widespread cryptic morphology of many rep-
resentatives of the genus has proven to be a challenge.
Similarities in external appearance occur in numerous
species pairs or groups. However, even the delineation
using genital morphological characteristics often reaches
its limits in this genus, meaning that the specifically eval-
uated genital morphology is frequently based on subtle

features. Here, a characterization of species using molec-
ular data, especially DNA barcode sequences, appears to
lead to more indisputable results. All analyzed species of
Denisia exhibit significant interspecific divergences on
the order of approximately 4-9%. This extent of genet-
ic divergence appears to be highly representative for the
genus due to the large number of sequenced taxa. Out of
the globally described 24 species, barcode sequences are
available for 19 species. Only the species pair D. pyre-
naica and D. graslinella shows, based on the few known
sequences, an overlap in the DNA barcode, which may,
however, possibly be due to a previously overlooked syn-
onymy of these two taxa. Conversely, striking intraspe-
cific divergences have also been documented in the genus
Denisia, exceeding 5% in D. rhaetica and D. albimacu-
lea. However, initial analyses suggest further overlooked
cryptic diversity, although taxonomic revisions in these
species groups are still pending.

The newly described D. cryptica sp. nov. fits into the
overall picture of a genetically strongly divergent species,
which, however, is difficult to differentiate from other
congeners both phenotypically and in genitalia structures.
Most helpful and effective are especially complexes of
features from color and pattern of the forewing upper
surface combined with head coloration and colour of the
labial palps and antennae.
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Abstract

The leafcutter bee Megachile genalis Morawitz, which nests in thick, erect and usually hollow plant stems, is rare and endangered
throughout Europe. In Switzerland, it was recorded only six times in the Grisons between 1932 and 2019. In order to create the nec-
essary basis for the conservation of this rare bee, its distribution, habitat requirements and nesting biology were investigated in the
eastern Swiss Alps by systematically searching for its nests, by DNA metabarcoding of the cell-building material, by analysing the
pollen contained in abandoned brood cells and larval faeces, and by deducing aspects of the species’ nesting biology from collected
old nests. A total of 141 new and 64 old nests were discovered at elevations between 600 m and 1270 m in — with decreasing fre-
quency — the Albula Valley, the Lower Engadine, the Domleschg and the Ruinaulta. The nests were exclusively built in living stems
of Peucedanum verticillare (Apiaceae), an up to 2-3 m tall umbellifer that grew on fallow land, road and railway embankments,
scree slopes, ruderal areas and forest clearings. The leaf fragments used by the females of M. genalis to construct the brood cells in
20 selected nests were largely from shrubs and trees of the Rosaceae (e.g. Rosa, Rubus, Prunus, Sorbus), rarely also from Corylus
(Betulaceae). The pollen in 65 brood cells was exclusively collected on thistles (e.g. Arctium, Carduus, Cirsium) and other Asterace-
ae. The nests were characterised by a surprisingly high variability in their architecture. They consisted of i) an approximately 6 mm
x 9 mm large nest opening gnawed by the female bee at a height of 22-217 cm above ground with her mandibles, which are well
adapted to penetrate the hard stem walls due to their enlarged base indicating strong adductor muscles and the short and chisel-like
shape; ii) a 5-25 mm thick nest plug built 1.5-45 cm below the nest opening from pith particles, leaf fragments and/or grass fibers;
iii) 1-14 brood cells usually arranged in one cigar-like series and lying 11-99 cm below the nest opening; and iv) a facultative
4-40 mm thick basal plug consisting of pith particles and/or leaf fragments. Brood mortality was high: at least 56% of 284 brood
cells were unsuccessful due to parasites, mould or unknown reasons, and reproduction completely failed in almost half of 46 nests.
The most harmful brood parasite was Melittobia acasta Walker (Hymenoptera, Eulophidae), which infested 19% of the brood cells
and 28% of the nests. Measures to conserve the population of M. genalis in the eastern Swiss Alps should focus on the conservation
and propagation of suitable habitats for P. verticillare in close vicinity to Asteraceae-rich areas and on the promotion of thistles.

Key Words

Anthophila, Apiformes, Coelioxys inermis, conservation, Exeristes roborator, Lasiambia, mandibular strength, metabarcoding,
pollen analysis, Trichodes apiarius, Xylophrurus augustus
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Introduction

Leafcutter bees of the genus Megachile (Megachilidae)
use fragments of green leaves or, more rarely, flower pet-
als to build their brood cells, which they either hide in
preexisting cavities (insect borings in dead wood, hollow
stems, rock and soil crevices, hollow spaces under stones)
or in self-excavated burrows in dead wood, pithy stems or
loose soil (Praz 2017; Westrich 2018). According to cur-
rent knowledge, most Central European Megachile species
appear to be rather flexible in the selection of their nest-
ing sites. One exception is M. genalis Morawitz, which
constructs its nests exclusively in erect stems of various
thick-stalked plants (Ruhnke 1998, 2000; Westrich 2018).
Megachile genalis is very rare throughout Europe and
red-listed in Belgium, the Czech Republique, Germany,
Slowakia and Switzerland (Ferakova et al. 2001; Westrich
et al. 2011; Straka and Bogusch 2017; Drossart et al.
2018; Miiller and Praz 2024). In Switzerland, it is one of
the rarest bee species. It was recorded only six times in
the Grisons before 2023, namely in the Lower Engadine
in 1932, 2004 and 2013 and in the Albula Valley in 2016,
2017 and 2019. Despite a targeted search in 2018 in the
frame of the elaboration of a red list of bees in Switzer-
land, M. genalis was not rediscovered in the Lower Enga-
dine, rendering the Albula Valley the only region in Swit-
zerland where the species was assumed to occur today.
The main objectives of the present study were to clari-
fy the current distribution and abundance of M. genalis in
the Grisons, to investigate the species’ requirements for
nesting site, nest-building material and host plants and
to get some insights into its poorly known nest architec-
ture. The results should create the necessary basis for the
conservation and promotion of this rare bee species at its
current sites of occurrence in the eastern Swiss Alps.

Methods
Bee species

Megachile genalis, which belongs to the subgenus
M. (Megachile) (Praz 2017), is a 10—14 mm long bee spe-
cies distributed from Western Europe via Turkey to east-
ernmost Russia and Japan (Ascher and Pickering 2020;
Fig. 1a). In Central Europe, it is a univoltine, late-flying
species active from mid-June to early September (Westrich
2018), while in warmer parts of eastern Europe it may have
two generations (Wiesbauer 2023). A typical character of
the females are the basally strongly inflated mandibles not
found in any other European Megachile species (Fig. 1b—
d). The species builds its nests in erect, thick and usually
hollow, rarely pithy stems of various plants (Dudich 1884;
Henschel 1888; Buysson 1902; Friese 1923; Grandi 1954,
1957; Dorn and Weber 1988; Ruhnke 1998, 2000; We-
strich 2018; Sobieraj-Betlinska 2021; Tischendorf 2021;
Wiesbauer 2023). In contrast to all other stem-nesting bee
species of Europe, living rather than dead stems are used

alpineentomology.pensoft.net

as nesting sites (Ruhnke 1998, 2000; Westrich 2018; Wi-
esbauer 2023). Nests of M. genalis are easily recognized
by the usually oblong-oval shape of the nest opening,
which is gnawed by the females into the stem (Figs g,
h, 5a—d). The nests contain several brood cells, which lie
inside the stem in a linear series and are nested into each
other forming a cigar-like structure (Fig. 6a, c, h, i). For
the construction of the brood cells, the females use round-
ish to oval leaf pieces (Figs 1g, 6¢), which are cut out on
green leaves. The brood cells are supplied with a mixture
of pollen and nectar supposed to be collected mainly on
Asteraceae (Ruhnke 1998, 2000; Westrich 2018; Wiesbau-
er 2023; Fig. 1a, h). The winter is spent as a prepupa inside
a self-spun cocoon within the brood cell (Fig. 6g).

Study area

The main study area was located in the Parc Ela (Grisons)
in the eastern Swiss Alps and encompassed the Albula
Valley between Alvaschein in the west and Davos Wiesen
in the east (Fig. 2). Within the Albula Valley, 16 subplots
ranging in area from 4 ha to 53 ha at altitudes between
900 m and 1400 m were selected to search for nests of
Megachile genalis. These subplots were primarily cho-
sen based on the frequency of sun-exposed fallow land
expected to contain plant stems suitable for nesting by
M. genalis, such as unmown edges along forests and
hedges, uncultivated farmland, road and railway em-
bankments or forest clearings. After the fieldwork had
revealed that M. genalis nests in stems of Peucedanum
verticillare (L.) Mert. & W. D. J. Koch (Apiaceae) in the
Albula Valley (see Results), four additional study areas
in the Grisons with known populations of P. verticillare
were selected (Fig. 2), i.e. the Lower Engadine between
Ardez and the border with Austria (one subplot of 465
ha at altitudes between 1000 m and 1400 m), the Dom-
leschg (five subplots ranging from 29 ha to 119 ha at al-
titudes between 600 m and 1100 m), the Ruinaulta (two
subplots of 47 ha and 88 ha at altitudes between 600 m
and 850 m) and the surroundings of Chur (two subplots
of 26 ha and 33 ha at altitudes between 550 m and 1000
m). The selection of the subplots in these four additional
areas was based on data provided by the National Data
and Information Center on the Swiss Flora (info flora) on
the occurrence of P. verticillare in Switzerland after 1999.

Nesting biology

In the 26 subplots of the five study areas, nests of Megachile
genalis were searched for during a total of 14 days and 105
hours from 23 July to 5 October 2023. Both living and dead
and both hollow and pithy stems of all plant species and in-
dividuals with an outer stem diameter of at least 10 mm near
their base were checked for the presence of the characteristic
nest openings, which differ from those of other stem-nesting
aculeate Hymenoptera, such as Hoplitis tridentata (Dufour
& Perris) (Megachilidae), by their size and their oblong-oval
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shape (Fig. 5a—d). Due to the relatively large body size and ~ with an outer diameter of less than 10 mm, which is con-
the relatively thick cell walls consisting of several layers of  firmed by Ruhnke (1998, 2000), who recorded a minimum
leaf fragments, M. genalis is not expected to nest in stems  outer stem diameter of 13.5 mm in 36 nests.

Figure 1. Megachile genalis and M. centuncularis. a. Female of M. genalis visiting Cirsium palustre; b. Head of M. genalis with
basally inflated mandibles; ¢, d. Specialised mandible of M. genalis in c. Front view and d. Ventral view; e, f. Unspecialised man-
dible of M. centuncularis in e. Front view and f. Ventral view; g, h. Female of M. genalis entering her nest with: g. A rosaceous leaf
fragment and h. Asteraceae pollen in the metasomal scopa.
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Figure 2. Distribution of Megachile genalis and Peucedanum verticillare in the eastern Swiss Alps. Red dots = nests of M. genalis

discovered in 2023, green dots = records of P. verticillare after 1999.

For nests discovered in living plant stems, the follow-
ing parameters were recorded in the field: 1) plant species,
ii) distance between ground and lower margin of nest
opening, iii) longitudinal and transverse diameter of nest
opening, iv) outer diameter of stem at level of nest open-
ing, and v) compass direction of nest opening. In contrast
to nests in living stems, which were left undisturbed in
place with few exceptions, nests in dead and thus at least
one year old stems were collected to record the following
additional parameters in the laboratory: vi) inner diameter
of stem at level of nest opening, vii) presence and compo-
sition of (traces of) nest plugs, viii) position and number
of brood cells, ix) outer and inner diameter of stem at lev-
el of brood cells, and x) larval mortality and brood para-
sites. The identification of brood parasites was based on
dead specimens found inside the brood cells. As all nests
discovered in dead stems turned out be old nests from the
last year or the year before the last year (see Results), the
parameters vi)—x) could not be assessed for each old nest
resulting in different parameter sample sizes.

To identify the plant sources of the leaf fragments used
by the females of M. genalis to construct the brood cells, the
outer leaf layers were removed from 157 cells of 20 nests
collected in eight different subplots in the Albula Valley. The
leaf fragments from all cells of a nest were pooled resulting
in 20 leaf samples. These samples were analysed by AIM
- Advanced Identification Methods GmbH (Leipzig, Germa-
ny) applying DNA metabarcoding. After homogenisation of
the leaf fragments, DNA of 80 mg leaf material from each
nest was extracted with the Qiagen DNeasy Plant Kit follow-
ing the manufacturer’s manual. From the extracted DNA,
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barcoding sequences of the nuclear marker ITS2 were PCR
amplified using target specific next-generation sequencing
primers and analysed by amplicon sequencing on the Illumi-
na MiSeq platform. Amplified sequences with a minimum
length of 100 base pairs were kept and clustered into a total
of 192 operational taxonomic unit sequences (OTU). Given
the many pitfalls of the metabarcoding approach (Forster et
al. 2023), the automated identifications to genus and species
level were manually checked by entering all OTU sequences
represented by more than five reads (n = 62) into the BOLD
identification system for ITS (https://boldsystems.org/index.
php/IDS_OpenldEngine; accessed January 2024). For each
OTU sequence, the plant taxon with the highest score (“Best
ID”) was selected. If the Best ID referred to a species that is
either not native to Central Europe or does not occur in the
study area, the identification was left at genus level. Overall,
the automated identifications of 53% of all OTU sequences
had to be adjusted. The determination of the proportion of
plant taxa used for brood cell construction was limited to
OTU sequences with more than five reads, which accounted
for 99.8% of the total number of reads.

To assess whether the unique shape of the female man-
dibles of M. genalis might be related to the species’ habit
to gnaw holes into the walls of plant stems, the mandibles
of the following European Megachile species were com-
pared with those of M. genalis based on photomicrographs
of three amputated and unworn mandibles per species:
M. alpicola Alfken, M. centuncularis (L.), M. lapponica
Thomson, M. ligniseca (Kirby), M. melanopyga Costa,
M. octosignata Nylander, M. pyrenaea Pérez, M. pilicrus
Morawitz, and M. versicolor Smith. These species all
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belong to the same subgenus M. (Megachile) as M. gena-
lis and usually nest in preexisting cavities above or more
rarely below ground. In contrast to M. genalis, they need
free access to the nest cavity and do not use their mandibles
to gnaw the nest entrances into the plant substrate (Praz
2017; Westrich 2018). To determine the ratio of mandibu-
lar length to mandibular width, the maximum length of the
mandible (from the condyle to the apex of the apicalmost
tooth) and the maximum width of the mandible at its base
(from the acetabulum to the condyle) was measured.

Pollen hosts

To investigate the pollen host preferences of Megachile
genalis, pollen samples from 65 brood cells originating from
39 old nests, which were collected in eight subplots in the
Albula Valley, were microscopically analysed. The pollen
samples were taken either from pollen remains in cells with
dead larvae (n = 22 cells) or from the faeces layer surround-
ing the cocoon wall (n =43 cells; Fig. 6f). The digested pol-
len grains in the larval faeces could still be identified based
on the characteristics of the exine, which remained intact
during the passage through the larval gut. The pollen sam-
ples from the cells and the faeces were dissolved in a drop
of distilled water and embedded in glycerine gelatine on a
microscopic slide. For each sample, 300 pollen grains were
identified under a light microscope at a magnification of 400
x along a randomly selected line across the coverslip (12 x
12 mm). If the sample contained several pollen types, the
relative pollen volume of each pollen type was determined
by correcting the number of counted grains with the volume
of the pollen types contained in the sample.

Results
Distribution

Nests of Megachile genalis were found in four of the
five study areas at elevations between 600 m and 1270 m
(Fig. 2). With 176 nests discovered, the Albula Valley
proved to be the stronghold of M. genalis in the eastern
Swiss Alps, followed by the Lower Engadine (23 nests),
the Domleschg (5 nests) and the Ruinaulta (1 nest). No
nests were found in the surroundings of Chur, which is
most probably explained by the very low number of erect
plant stems suitable for nesting.

Nesting biology

Nesting site

In total, 205 nests of Megachile genalis were discovered.
Of these nests, 141 were in living and 64 in dead stems.
None of the nests found in dead stems was built in the
year of discovery, indicating that the females of M. gena-
lis selected only living stems for nesting.

Although all plant stems with a minimum outer diam-
eter of 10 mm were examined for the presence of the typ-
ical oblong-oval nest openings, nests of M. genalis were
exclusively found in stems of Peucedanum verticillare
(Apiaceae), a monocarpic umbellifer up to 2-3 m tall
that grows vegetatively for two to four years, produces a
large inflorescence in the third to fifth year and then dies
(Fig. 3a—c). The stems of P. verticillare are hollow and
consist of several internodia separated by thin transverse
partitions of pith at the nodi (Fig. 3d, e).

The nesting habitat of M. genalis coincides with the
growth sites of P. verticillare, which — due to the plant’s
special life cycle — tolerates neither regular mowing nor
grazing and thus occurs mainly on fallow land, along
road and railway embankments, on scree slopes and rud-
eral areas as well as on forest clearings (Fig. 4a—h).

Nest architecture

The nests of Megachile genalis consisted of i) the nest
opening gnawed by the female, ii) the nest closure built
between the nest opening and the brood cells (“nest
plug”), iii) the brood cells and iv) a facultative basal plug
below the brood cells.

The nest openings (Fig. S5a—d) were situated at a height of
22-217 cm above ground (Table 1, Fig. 7a). They were on
average 8.6 mm long and 5.9 mm wide (Table 1) and orient-
ed in all directions, but predominantly in the sector from east
to south (n =92 of 138 nests; Fig. 7b). Almost two thirds of
the nest openings were situated in the uppermost fifth of the
internodium with the distance between the upper margin of
the nest opening and the stem nodus above it averaging 5.1
cm or 23.2% of the total length of the internodium, which
measured on average 22 cm (Table 1). The average diameter
of the stem at the level of the nest opening was 14.4 mm on
the outside and 10.5 mm on the inside (Table 1).

The nest plugs strongly varied in the material used, the
thickness and the position within the stem. In 13 of 22 nests
with a preserved closure, the plug was constructed from
densely packed particles of pith only, which originated
from the inner stem wall as was evident from the gnawing
marks usually just above the plug (Fig. 5f); in one case,
two layers of pith particles in a distance of 9.5 cm were
present. In four nests, the plug consisted of 9-10 loosely
to densely packed leaf fragments (Fig. 5g). In two nests,
the plug was two-layered with an upper layer of dense-
ly packed pith particles immediately adjacent to a lower
layer of 8-10 leaf fragments (Fig. Sh). And in one nest
each, the plug consisted of 12 leaf fragments intermixed
with pith particles (Fig. 5i), of densely packed grass fi-
bres (Fig. 5j), and of three adjacent layers built from a
mixture of pith particles and grass fibres above, followed
by an empty space and densely packed pith particles in
the middle and several leaf fragments below (Fig. 5k).
The thickness of the one- and two-layered plugs ranged
from 5-25 mm (Table 1), while the single three-layered
plug was 59 mm thick including the 15 mm long empty
space in between. The plugs of 31 nests were positioned
1.5-45.0 cm below the nest opening (Table 1), either
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Figure 3. Peucedanum verticillare. a. Plant in flower; b. Leafrosette; ¢. Dead plant; d, e. Transverse partition of pith between two inter-

nodia d. In lateral view and e. In top view; f, g. Thickness of stem wall at level of f. Nest opening (1.8 mm) and g. Brood cells (3.2 mm).

within the same internodium as the nest opening (n = 8),
within the same internodium as the brood cells (n = 14),
within the same internodium as both nest opening and
brood cells (n = 6) or within an internodium between the
nest opening and the brood cells (n = 3). They were built
either in the central section of the internodium (n = 24) or
directly above or below the nodus (n = 7).

The brood cells were mostly located far below the nest
entrance; the distance between the bottom of the lowest
brood cell and the nest opening was on average 49.9 cm
(Table 1, Fig. 7d). In 9 (16.1%) of 56 nests, the brood cells
were placed in the same internodium as the nest opening,
in 17 nests (30.4%) one internodium below, in 20 (35.7%)
two internodia below, in 9 (16.1%) three internodia below
and in 1 nest (1.7%) four internodia below. As the interno-
dia are separated from each other by 2—4 mm thick trans-
verse partitions consisting of soft pith (Fig. 3d, e), female
bees that did not construct the brood cells in the same in-
ternodium as the nest opening had to gnaw through one or
more partitions (Fig. 5e). The average diameter of the stem
at the level of the brood cells was 20.0 mm on the outside
and 14.3 mm on the inside and thus about 5 mm wider than
at the level of the nest opening (see above and Table 1).

The nests contained 1-14 brood cells (Fig. 7¢). In 41 of
49 nests, the cells were in one contiguous, cigar-like series
(Fig. 6a) either at the bottom of the internodium directly
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adjacent to the nodus (n = 28) or in the central section of the
internodium (n = 13); in the other nests, the cells were divid-
ed into two (n = 6) or three series (n = 2; Fig. 6b) distributed
in one (n = 2) or two internodia (n = 6). As an exception,
two of 56 nests contained one and four downwards-facing
brood cells in the internodium above the nest opening in
addition to the brood cells below the nest opening, and one
stem contained two nests, each with its own opening.

The walls of the brood cells consisted of several lay-
ers of loosely connected and easily detachable leaf frag-
ments on the outside and a few layers of tightly connect-
ed leaf fragments on the inside (Fig. 6e, h, i). While the
outer leaf layer varied in thickness and in the number of
leaf fragments depending on the inner diameter of the
stem, thus allowing the utilisation of stems ranging from
10-20 mm in inner diameter (see Table 1), the inner leaf
layer was of more or less constant thickness. The width of
the cells after detachment of the outer layer of leaf frag-
ments averaged 7.9 mm, the length 13.5 mm (Table 1).
By adding to the minimum inner cell width of 7 mm a few
millimetres for a thin outer leaf layer, which was present
in all cells, the minimum inner stem diameter required for
nesting is about 10 mm. This estimate corresponds to the
smallest recorded inner diameter of a stem occupied by
M. genalis (see Table 1). By considering the thickness of the
stem wall, which measured 2—4 mm at the level of the brood
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Figure 4. Nesting habitats of Megachile genalis. a, b. Fallow land; ¢, d. Road and railway embankment; e, f. Scree slope and ruderal

site; g, h. Forest clearings.

cells, M. genalis is dependent on plant stems with an outer
diameter of at least 14 mm for its reproduction, which cor-
responds well to the minimum outer stem diameter of 13.5
mm determined by Ruhnke (1998, 2000) for 36 nests and
of 15 mm found in the present study for 53 nests (Table 1).

Basal plugs were found in 24 nests, whereas they were
absent in 14 nests. The basal plug was always construct-

ed within the same internodium as the brood cells, either
directly at the nodus (n = 20) or at some distance above
the nodus (n = 4). It consisted of a single layer of densely
packed pith particles (n = 16; Fig. 51), of an upper layer of
leaf fragments immediately followed by a lower layer of
densely packed pith particles (n = 4; Fig. 5m) or of 11-36
loosely to densely arranged leaf fragments (n = 4). The
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Figure 5. Nests of Megachile genalis in hollow stems of Peucedanum verticillare. a—d. Nest openings gnawed into the plant stem;
e. Gnawed through transverse partition between two internodia; f—k. Nest plugs (for details see text); 1, m. Basal plugs (for details see text).

thickness of the basal plugs ranged from 440 mm (Ta-
ble 1). In the majority of nests, a basal plug was present
although the transverse stem partition at the nodus was
intact, suggesting that plug construction is independent
of the integrity of the stem partition.
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Cell-building material

The genetic analysis of the outer leaf layers of 157 brood
cells from 20 nests showed that the females of Megachile
genalis collected the leaf fragments for the construction
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Figure 6. Nests of Megachile genalis in hollow stems of Peucedanum verticillare. a. Contiguous brood cell series; b. Interrupted brood
cell series; ¢. Close-up of brood cells; d. Enigmatic marks on inside of stem wall; e. Brood cell with outer leaf layer removed; f. Layer
of faeces surrounding cocoon wall; g. Overwintering prepupa; h, i. Brood cell series with outer leaf layer h. Present and i. Removed.

of the brood cells exclusively on representatives of the  sources for the leaf fragments. Among the Betulaceae,
Rosaceae and the Betulaceae (Fig. 8). Among the Rosa-  Corylus avellana L. was used. All these species are shrubs
ceae, species of Rosa (e.g. R. canina L.) and Rubus (e.g.  or trees except for the herbaceous F. vesca. Although
R. caesius L., R. idaeus L.) as well as Prunus avium L., metabarcoding does not allow exact quantification, the
Fragaria vesca L. and Sorbus aucuparia L. served as  percentages of OTU sequences obtained indicate that
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Table 1. Parameters of nests of Megachile genalis constructed
in hollow stems of Peucedanum verticillare (Apiaceae) in the

eastern Swiss Alps.

Parameter Mean = SD Range n
Height of nest opening above ground 110+37cm  22-217cm 191
Length of nest opening 86+1.3mm 55-12mm 149
Width of nest opening 59+0.6mm 45-7.5mm 149
Outer stem diameter at nest opening 144£29mm 9-28mm 185
Inner stem diameter at nest opening 105+27mm 6.5-17mm 63
Distance between upper margin of nest 51+51cm 0.1-17cm 59
opening and stem nodus above it
Distance between upper margin of nest 232+227% 0.4-87.9% 59
opening and stem nodus above it relative to
total length of internodium
Thickness of nest plug 164+6.7mm 5-25mm 17
Distance between centre of nest plug and 19.7+115cm 1545cm 31
nest opening
Distance between bottom of lowest brood cell 49.9 + 21.7cm 10.5-99cm 56
and nest opening
Outer stem diameter at brood cell level 200+32mm 15-27mm 53
Inner stem diameter at brood cell level 143+25mm 10-20mm 51
Number of brood cells 6.1+3.7 1-14 54
Length of brood cell after detachment of 135+1.0mm 11-16 mm 68
outer leaf fragment layer
Width of brood cell after detachment of outer 7.9 + 0.7 mm 7-9 mm 68
leaf fragment layer
Thickness of basal plug 13+120mm  4-40mm 10

a) Height of nest opening above ground

R. canina, R. idaeus and R. caesius were the most import-
ant leaf fragment sources (85.2% of the total number of
reads), but that other representatives of the Rosaceae as
well as C. avellana were also occasionally exploited (all
below 6.5% of reads). The great importance of the Rosa-
ceae is also shown by the finding that their leaves were
recorded in all 20 nests analysed (Table 2), whereas leaves
of C. avellana were only found in six nests with more than
1% reads. However, with 97% reads, C. avellana was the
predominant leaf fragment source in one nest (Fig. 8).

Brood mortality and parasites

In a total of 284 brood cells examined, Megachile genalis
did not reach the imaginal stage in 159 cells (56%) due
to parasitation, mould or unknown reasons. This figure is
a minimum estimate as it was not possible to determine
whether M. genalis or a similarly sized brood parasite had
emerged from brood cells with normally sized eclosion
holes. In 21 (46%) of 46 nests, reproduction completely
failed, whereas the proportion of successful brood cells
exceeded 50% in only 18 nests (Fig. 7e).

d) Distance nest opening to lowest brood cell
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Figure 7. Nest parameters of Megachile genalis. a. Height of nest opening above ground (n = 191 nests); b. Compass direction of

nest opening (n = 138 nests); ¢. Number of brood cells per nest (n = 54 nests); d. Distance between nest opening and bottom of the

lowest brood cell (n = 55 nests); e. Proportion of unsuccessful brood cells per nest (n = 46 nests).
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Figure 8. Origin of the leaf fragments used by Megachile genalis to build the brood cells in 20 nests collected in eight subplots in
the Albula Valley (Grisons, Switzerland). For each nest, the percentage of ITS2 sequence reads for the identified plant taxa is given.

Table 2. Number and percentage of nests of Megachile gena-
lis containing leaf fragments of the listed plant taxa based on
DNA metabarcoding. Only plant taxa with more than 1% ITS2
sequence reads in a nest were considered. n = 20 nests collected
in eight subplots in the Albula Valley (Grisons, Switzerland).

Plant taxon n %
Rosaceae 20 100
Rosa 16 80
Rosa canina 16 80
Rosa spec. 8 40
Rubus 15 75
Rubus idaeus 12 60
Rubus caesius 9 45
Rubus spec. 2 10
Sorbus aucuparia 6 30
Prunus avium 2 10
Fragaria vesca 1 5
Betulaceae 6 30
Corylus avellana 6 30

The most important brood parasite was Melittobia acas-
ta (Walker) (Hymenoptera, Eulophidae), which had infest-
ed 53 (19%) of 284 brood cells and 13 (28%) of 46 nests,
followed by Exeristes roborator (Fabricius) (Hymenoptera,
Ichneumonidae; n = 4/2), Xylophrurus augustus (Dalman)
(Hymenoptera, Ichneumonidae; n = 2/2), Coelioxys inermis
(Kirby) (Hymenoptera, Megachilidae; n = 1/1), Trichodes
apiarius L. (Coleoptera, Cleridae; n = 1/1) and an unidenti-
fied bombyliid fly (Diptera, Bombyliidae; n = 1/1). Further-
more, a female most probably of Lasiambia spec. (Diptera,
Chloropidae) was observed entering a nest of M. genalis,
adding a further species to the list of the bee’s brood parasites
in the study area. For the vast majority of the unsuccessful
brood cells, the cause of mortality could not be determined.

Female mandibular shape

The comparison of the female mandible of Megachile
genalis (Fig. 1c, d) with that of closely related Megachile
species of the same subgenus, such as M. centuncularis
(Fig. le, f), revealed three differences. First, the outer
surface of the mandible of M. genalis is strongly inflated
at its base, whereas the basal outer surface of the mandi-
ble of the other M. (Megachile) species is plane; second,
the mandible of M. genalis is shorter relative to its basal
width compared to the other species (about 1.8 x as long
as wide in M. genalis compared to about 2.0 x as long as
wide in e.g. M. centuncularis); and third, the mandible of
M. genalis is apically barely curved inwards in contrast
to the related species, which possess mandibles that are
distinctly curved inwards.

Pollen hosts

The microscopic analysis of pollen remains and larval
faeces from 65 brood cells and 39 nests revealed that
more than 99% of all pollen collected by Megachile
genalis originated from flowers of the Asteraceae (Ta-
ble 3). Within the Asteraceae, representatives of all three
subfamilies (Asteroideae, Carduoideae, Cichorioideae)
were exploited. However, species of the Carduoideae
were by far the most important pollen sources and their
pollen was recorded in every brood cell, suggesting that
M. genalis has a clear preference for this subfamily and
particularly for thistles, whose pollen was represented
by significantly higher proportions in the pollen samples
than that of Centaurea.
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Table 3. Pollen host spectrum of Megachile genalis in the east-
ern Swiss Alps. n = 65 brood cells from 39 nests collected in
eight subplots in the Albula Valley (Grisons, Switzerland).

Pollen host % pollen grain  Number of brood

volume cells with pollen
type (%)
Asteraceae 99.1 65 (100)
Carduoideae 84.4 65 (100)

Thistles (Arctium, Carlina, Cirsium, 72.2 62 (95.4)

Onopordum)

Knapweeds (Centaurea) 12.2 40 (61.5)
Cichorioideae 134 45 (69.2)
Asteroideae 1.2 10(15.4)

Other taxa 0.9 28(43.1)
Discussion

The present study revealed that Megachile genalis is
highly specialised in the eastern Swiss Alps with respect
to nesting site, cell-building material and pollen hosts.
The species nested exclusively in living stems of Peuce-
danum verticillare (Apiaceae) in the investigated plots, it
used mainly leaf fragments from shrubs and trees of the
Rosaceae for brood cell construction and it exploited only
flowers of the Asteraceae for pollen.

Distribution

The occurrence of Megachile genalis in the eastern Swiss
Alps is closely linked to larger stands of Peucedanum verti-
cillare, and the distribution of the plant and the bee species
largely coincides in the Grisons (Fig. 2). Since P. verticilla-
re grows not only in man-made habitats such as fallow land
or road and railway embankments, but typically also in dis-
turbed natural habitats such as scree slopes, forest clearings
or floodplains, the occurrence of M. genalis in the eastern
Swiss Alps may have existed already before humans began
to open up the forest-dominated landscape in the Neolithic
period (ca. 5500-2200 years BC, Hitz et al. 2023).

Nesting biology
Nesting site

In the study area, nests of Megachile genalis were invari-
ably discovered in living plant stems. This observation is in
line with the findings of other authors (Ruhnke 1998, 2000;
Westrich 2018; Wiesbauer 2023) and shows that M. genalis
is an exception among the stem-nesting bees of Europe in
that it builds its brood cells in living rather than dead stems.
To the best of our knowledge, the only other bee species
known to use living stems as nesting site is the Nearctic
Megachile montivaga Cresson, which belongs to the same
subgenus as M. genalis and was found to nest in green
stems of thistles (Orr et al. 2015). However, in contrast to
M. genalis, which appears to be strictly specialised to erect
plant stems, M. montivaga has a wider nesting niche and
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also nests in the ground or in trap nests (Orr et al. 2015
and references therein). A possible advantage of colonising
living rather than dead stems could be that living stems are
more firmly anchored in the soil compared to dead stems
and are therefore less likely to fall over, which would be
associated with a high mortality of the progeny due to in-
creased humidity and/or predation near the ground. Simi-
larly, since the likelihood of being destroyed or becoming
unsuitable for nesting due to bending or falling increases
with the age of the stems, specialization to living stems
may be advantageous in that it results in a larger number of
potential nesting sites available to the bees.

Due to its body size and brood cell architecture,
M. genalis requires thick nesting stems with an inner di-
ameter of at least 10 mm and — depending on the thickness
of the stem wall — an outer diameter of at least 13—14 mm.
Apart from Peucedanum verticillare, there were only a
few plant species in the study area that had stems with an
outer diameter exceeding 12 mm. These species included
Dipsacus fullonum L. (Caprifoliaceae), which, however,
occurred only very rarely and locally in gardens, Angeli-
ca sylvestris L. (Apiaceae), which usually grew in (semi-)
shaded and rather damp locations that were suboptimal
for M. genalis, Heracleum sphondylium L. (Apiaceae),
which — as a typical species of nutrient-rich meadows
— was almost always mown before the flight period of
M. genalis had started, as well as species of Verbascum
(Scrophulariaceae), Arctium, Carduus and Cirsium (As-
teraceae), all of which have pithy stems and are probably
colonised only in the absence of hollow stems. The find-
ing that M. genalis exclusively nested in stems of P. ver-
ticillare in the study area may therefore be explained less
by a local specialisation than by the lack of alternatives.
In fact, M. genalis appears to be rather flexible in the se-
lection of the plant species used as nesting substrate: its
nests were found in thick stems of Apiaceae (Angelica,
Conium, Heracleum), Dipsacus (Caprifoliaceae), Alli-
um (Amaryllidaceae), Asteraceae (Carduus, Cichorium,
Cirsium, Dahlia, Echinops) and in an exceptional case
in the leaf sheath of Zea mays (Poaceae) (Buysson 1902;
Benoist 1940; Grandi 1954, 1957; Ruhnke 1998, 2000
and references therein; Hausl-Hofstéatter 2007; Westrich
2018; Sobieraj-Betlinska 2021; Wiesbauer 2023). Inter-
estingly, in eastern Austria where M. genalis has two gen-
erations per year due to the warm climate, the females
of the first generation preferentially nest in soft and thin-
walled stems of A//lium (Amaryllidaceae), which are easy
to penetrate, whereas those of the second generation col-
onise hard and thick-walled stems of Cichorium intybus
(Asteraceae) and various species of Apiaceae, which are
more likely to persist over the winter (Wiesbauer 2023).

Nest architecture

The examination of numerous, mainly one- to two-year-
old nests of Megachile genalis in stems of Peucedanum
verticillare revealed a striking variability with respect to
the characteristics of the nest opening (size, height above
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ground, orientation, position within internodium), the
nest plug (thickness, material, position both in stem and
within internodium), the brood cells (number, linear or
interrupted series, position both in stem and within inter-
nodium), and the basal plug (presence or absence, thick-
ness, material, position within internodium). Particularly
intriguing was the use of different materials either alone
or in combination for constructing the nest plug, including
particles of pith, leaf fragments and grass fibres. This high
species-specific flexibility is also apparent in the popula-
tion of M. genalis studied by Ruhnke (1998, 2000), where
the females colonized (and hollowed out) pithy rather
than hollow stems and where about two thirds of all nests
contained brood cells above and below the nest opening,
which was observed only in two nests in the present study.

Although this high variability makes it difficult to cap-
ture the nest architecture of M. genalis at a glance, the
“average nest” in the eastern Swiss Alps can be described
as consisting of i) a nest opening that is 9 mm long and
6 mm wide, is located one meter above the ground, is ori-
ented towards southeast and is gnawed in the uppermost
fourth of the internodium, ii) a nest plug that is 15 mm
thick, consists of densely packed particles of pith and lies
20 cm below the nest opening in the central section of the
same internodium as the brood cells, iii) six brood cells
that are constructed in one contiguous series in the second
internodium below the nest opening and are located at the
bottom of the internodium in a distance of 50 cm from the
nest entrance, and iv) a basal plug that is 13 mm thick,
consists of densely packed pith particles and lies at the
nodus of the same internodium as the brood cells.

One unexpected characteristic of the nests of M. genalis
in the study area was the large distance between the nest
opening and the bottom of the lowest brood cell, which
measured on average about half a metre and maximally
almost one metre. The reason for this large distance is pos-
sibly related to the thickness of the stem wall, which need
to be gnawed through by the female bee to enter the stem.
The stem wall thickness of P. verticillare increased from
an average of 2 mm at the level of the nest opening to an
average of 3 mm at the level of the brood cells and up to 5
mm near the stem base (Table 1, Fig. 3f, g). As the walls
of living stems are very hard, the females might need less
time and energy to gnaw the nest entrance in the upper
thinner part of the stem, where the diameter is too small to
place the brood cells, than to penetrate the lower thicker
part, where the brood cells will later be placed, even if this
means that one or more soft and thin transverse partitions
of pith have to be gnawed through at the nodi.

In many nests, zigzag-shaped, narrow and longitudinal
to transverse marks were visible in the pith of the inner
walls of the internodium that contained the brood cells
(Fig. 6d). These marks were most probably bitten by the
females with their mandibles, but are most likely not re-
lated to the acquisition of nest-building material, e.g. for
the construction of the basal plug, since the pith along
these bite marks was not completely detached from the
stem wall. It is equally unlikely that these marks served to

roughen the walls for better attachment of the brood cells
within the stem cavity, as they were also found outside
the brood cell area. The function of these conspicuous
bite marks therefore remains a mistery.

Cell-building material

In the study area, species of Rosaceae (Rosa, Rubus,
Prunus, Sorbus, Fragaria) were by far the most important
sources of the leaf fragments used by Megachile genalis
to construct its brood cells. This finding is in agreement
with observations made by Dudich (1884), Henschel
(1888), Friese (1923) and Wiesbauer (2023), who record-
ed leaves of the rosaceous genera Rosa, Rubus and Pyrus
as cell-building material of M. genalis. Six of the eight
plant genera identified by Ruhnke (1998) as leaf sources
for M. genalis also belonged to the Rosaceae including
Rosa, Rubus, Prunus, Fragaria, Crataegus and Agrimo-
nia. Thus, M. genalis seems to have a strong preference
for leaves of Rosaceae to build its brood cells. Howev-
er, the preference for Rosaceae leaves is not exclusive as
leaves of other plant taxa, such as Acer (Sapindaceae),
Corylus (Betulaceae) or Robinia (Fabaceae), are rarely
also used (Ruhnke 1998; Schweighofer 2021; this study).
Several osmiine bee species of Osmia and Hopli-
tis (Megachilidae) were also found to preferentially use
leaves of the Rosaceae as nest-building material (Miiller
1994; Prosi et al. 2016; Miiller and Richter 2018; Miiller
et al. 2019, 2020), suggesting that the selection of leaves
for nest construction by M. genalis and the osmiine bees
is far from accidental and that leaves of Rosaceae might
possess particularly favourable properties. A special leaf
consistency that might render rosaceous leaves especially
suitable for cutting the fragments and manufacturing the
brood cells by leafcutter bees hardly explains the high im-
portance of this plant family for megachilid bees, since the
Osmia and Hoplitis species mentioned above use to mas-
ticate the Rosaceae leaves to pulp, which does not seem to
require a particular leaf consistency. One alternative, albe-
it very speculative explanation for the importance of Ro-
saceae as source for nest-building material may be that the
defensive secondary compounds contained in Rosaceae
leaves provide a particularly effective protection for bee
larvae against mould, pathogenic bacteria or predators.

Brood mortality and parasites

The brood mortality of Megachile genalis in the study
area amounted to 56% and in almost half of all nests re-
production completely failed. As the method applied in
the present study, i.e. the examination of old nests, did not
allow to determine whether M. genalis or a similarly sized
brood parasite had emerged from brood cells with nor-
mally sized eclosion holes, both brood mortality and the
proportion of unsuccessfull nests were certainly higher.
Given the average number of six brood cells per nest and
assuming that the females constructed only one to maxi-
mally two nests during their flight period, the reproductive
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output of M. genalis in the study area in 2023 was very
low and did not exceed an average of two to five offspring
per female. A slightly lower brood mortality with an aver-
age of 51% failed brood cells over a period of two years
was recorded for M. genalis in eastern Germany (Ruhn-
ke 1998). Compared to a recent metastudy that included
publications on 147 solitary bee species and found an av-
erage brood mortality of 29% for all species and 37% for
cavity-nesting species (Minckley and Danforth 2019), the
proportion of unsuccessful brood cells in M. genalis as
recorded by Ruhnke (1998) and in the present study was
substantially higher. Similarly high or even higher mortal-
ity rates were found in other Palaearctic megachilid bees
such as Hoplitis princeps (52% brood mortality), Osmia
uncinata (77%) and Osmia pilicornis (83%) (Prosi et al.
2016; Ivanov and Fateryga 2018; Miiller et al. 2020), sug-
gesting that overall brood mortality in megachilid bees
may be higher than in other bee lineages.

Melittobia acasta (Hymenoptera, Eulophidae), which
had infested 19% of the brood cells and 28% of the nests,
was the main brood parasite of M. genalis in the study area.
The other five antagonists were of much less significance
and had infested together a total of 3% of the brood cells
and 15% of the nests (but see methodological limitation
above). Similarly, Lasiambia spec. (Diptera, Chloropidae)
was the main brood parasite in the population of M. genalis
investigated by Ruhnke (1998) and responsible for an esti-
mated mortality of 10-30% of all cells, whereas the other
antagonists had parasitized together less than 6% of the
cells. Melittobia acasta, Exeristes roborator (Hymenop-
tera, Ichneumonidae), Coelioxys inermis (Hymenoptera,
Megachilidae) and Lasiambia spec., which were found to
parasitize nests of M. genalis in the study area, were also
recorded by Ruhnke (1998), who additionally identified
Aritranis explorator (Tschek) and Cratichneumon fugiti-
vus (Gravenhorst) (Hymenoptera, Ichneumonidae) as well
as Coelioxys mandibularis Nylander as brood parasites.

The new finding by Ruhnke (1998) that Coelioxys iner-
mis and C. mandibularis develop in the nests of M. genalis
has been overlooked in the bee literature. Interestingly, Co-
elioxys inermis has been bred so far from nests of Megachile
alpicola, M. centuncularis, M. lapponica and M. versicol-
or (Voith 1997; Amiet et al. 2004; Westrich 2018 and ref-
erences therein), all of which belong to the subgenus M.
(Megachile) as M. genalis does, suggesting that C. inermis
may be specialized to M. (Megachile) species as hosts. In
contrast, the host spectrum of C. mandibularis is taxonom-
ically wider and encompasses Megachile versicolor, Hop-
litis (Anthocopa) villosa (Schenck) and probably several
further Megachile and Hoplitis species of the subgenera M.
(Eutricharaea), M. (Megachile), M. (Xanthosarus) and H.
(Anthocopa) (Voith 1997 and references therein).

Female mandibular shape
The female mandibles of Megachile genalis are unique

among the European M. (Megachile) species with respect
to three characters: i) they possess a strongly inflated base;
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ii) they are shorter and more compact; and iii) they are
apically barely curved inwards. These three characters are
probably related to the specialised habit of the females to
gnaw through the hard walls of living plant stems. The in-
flated base likely contains strong adductor muscles, which
are capable of exerting high pressure on the stem surface.
And both the shorter length and the absence of an inward
apical curvature gives the mandible a compact and chis-
el-like shape, which seems to be well suited to transmit
mandibular power onto the plant substrate. Interestingly,
the latter two characters were also found in females of
Osmia nigriventris (Zetterstedt), a boreoalpine mason bee
of the subgenus O. (Melanosmia) that uses its shortened
and apically almost straight mandibles to gnaw nesting
burrows into hard bark and wood (Miiller et al. 2019); in
contrast, the female mandibles of related O. (Melanosmia)
species that colonise preexisting cavities for nesting are
longer and apically distinctly curved inwards, which cor-
responds to the difference in mandibular shape between
the stem-gnawing M. genalis and its cavity-nesting rela-
tives. Therefore, the peculiar shape of the female mandi-
ble of M. genalis is interpreted here as an adaptation that
has evolved for penetrating the hard walls of plant stems.

Pollen hosts

In the study area, Megachile genalis collected pollen ex-
clusively on flowers of the Asteraceae and among the As-
teraceae particularly on species of the Carduoideae. Pol-
len of thistles (Arctium, Carduus, Cirsium, Onopordum)
accounted for almost 75% of the total pollen grain volume
in the brood cells analysed, which is surprising as thistles
occurred only locally and rarely on pastures and ruder-
al areas in the study area, whereas species of Centaurea
or Cichorioideae grew abundantly almost everywhere on
nutrient-poor meadows. This suggests that M. genalis has
a distinct preference for the pollen of thistles in the east-
ern Swiss Alps. This preference, however, is unlikely a
local phenomenon since thistle species of Carduus and
Cirsium were also noted as the preferred host plants of M.
genalis in eastern Germany and Poland (Dorn and Weber
1988; Ruhnke 1998; Celary and Wisniowski 2002) and
as flower-visiting females of M. genalis were repeatedly
observed on flowers of Carduus, Cirsium and Silybum in
different regions of Germany and Austria (Sieber 1933;
Schweitzer 2002; Auer in Westrich 2018; Schweighofer
2021; Tischendorf 2021). In addition to thistles, Centau-
rea (Carduoideae), Cichorium and Picris (Cichorioideae)
as well as Buphthalmum and Inula (Asteroideae) are oth-
er known Asteraceae pollen hosts of M. genalis (Ruhnke
1998; Schweighofer 2021; present study). The results of
the present study in combination with anecdotal observa-
tions in the literature confirm the oligolecty of M. genalis
on Asteraceae as was already suspected by various au-
thors (Ruhnke 1998, Westrich 2018). Megachile genalis
is thus best categorised as broadly oligolectic on Astera-
ceae with a strong preference for thistles.
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Conclusions

In the eastern Swiss Alps, Megachile genalis relies on 1)
living stems of Peucedanum verticillare (Apiaceae) as
nesting sites, ii) green leaves of mainly Rosa and Rubus
(Rosaceae) as cell-building material and iii) flowers of
thistles and other Asteraceae as pollen sources. While the
required nest building material is ubiquitous throughout
the study area, the supply of pollen hosts and particularly
nesting sites is much more limited. Measures to conserve
the population of M. genalis in the Grisons should there-
fore focus on the promotion of thistles and, above all, on
the conservation and propagation of suitable habitats for
P verticillare in close vicinity to Asteraceae-rich areas. As
P verticillare does not tolerate regular mowing or grazing,
many of its current stands are located on fallow land that
is at risk of becoming completely overgrown in the near
future, since its (sporadic) management is not rewarded by
agroecological schemes. The more strongly advanced strict
segregation between forest and cultivated land caused by
the loss of such irregularly managed fallow land probably
explains the rarity of M. genalis in the Domleschg com-
pared to the Albula Valley and the Lower Engadine, where
still many suitable transitional habitats between forest and
open land exist. In the Grisons, the fate of M. genalis — a
rare and endangered bee species throughout Europe — will
depend on whether a balance can be found between the
complete abandonment of use and the annual mowing or
grazing of the (potential) habitats of P. verticillare.
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Zusammenfassung

Uberpriifte Sammlungsexemplare und aktuelle Funde des besonders selten gefundenen und nur dusserst lokal vorkommenden
Adosomus roridus aus der Schweiz fiihrten zur Entdeckung von Eiern, Larven und Puppen in einer neuen Wirtspflanze Artemisia
absinthium L. in der subalpinen Felsensteppe in Zermatt. Fotos der Habitate, der Pflanze und der Prdimaginalstadien werden gezeigt
und die Funde werden vorgestellt und diskutiert.

Abstract

Revised collection specimens and recent finds of the exceptionally rare and locally occurring Adosomus roridus from Switzerland
lead to the discovery of eggs, larvae and pupae in a new host plant Artemisia absinthium L. in subalpine rocky steppe habitats at

Zermatt. Photos of the habitat, plant, and life stages are presented, and the records are given and discussed.

Key Words

ecology, faunistics, host plant, new records, rare species

Einleitung

Adosomus roridus (Pallas, 1781) ist die einzige européi-
sche Art der Gattung und wird nach Stejskal and Trnka
(2013) und Wiirmli (1976) als seltenes, dusserst lokal
verbreitetes und gefdhrdetes Steppenelement (Kaspi-
sche Art oder Ponto-kaspische Art) angesehen (Koch
1992; Mazur 2002). Seine Verbreitung reicht von Siid-
schweden durch Mitteleuropa bis nach Italien im Siiden
und iiber die Karpathen und den Kaukasus bis nach
Kasachstan im Osten. In Mitteleuropa, iiberwiegend

im Ostlichen Teil, gibt es nur wenige, sehr lokale
Vorkommen. (Meregalli 2024).

Die Biologie von Adosomus roridus wurde von Trnka et
al. (2015) erst kiirzlich geklart. Eine Oligophagie fiir Aste-
raceae wurde festgestellt. Die Zucht gelang in der Slovakei
an Tanacetum vulgare L. Seltener wurde auch Artemisia
vulgaris L. angenommen. Als Habitate wurden Rebberge
und Ruderalstellen ausgemacht. Kifer wurden von April bis
September gefunden, die neue Generation schliipfte vom
friihen Sommer bis in den Herbst. Uberwinternd konnten
sowohl Imagines als auch Larven gefunden werden.

Copyright Christoph Germann & Stefan Wartmann. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC
BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Die Aufnahme von Funddaten im Rahmen von Swis-
sCollNat Projekten und die daraus gewonnene Erkennt-
nis, dass A. roridus im Gebiet von Zermatt konstant
nachgewiesen wurde, sowie die aktuellen Funde aus dem-
selben Gebiet mit exakter Fundortangabe von Stefan Bir-
rer, fithrten zu einer erfolgreichen Begehung des Gebietes
im August 2024. Dariiber wird im Folgenden berichtet.

Material und Methoden

Literaturangaben und folgende Sammlungen wurden
iiberprift:

NMB  Naturhistorisches Museum Basel

NMBE Naturhistorisches Museum Bern

MHNF Naturhistorisches Museum Fribourg

MHNG Musée d’histoire naturelle de la ville de Genéve
MAS  Museum zu Allerheiligen in Schafthausen
cCG collection Christoph Germann (Rubigen)

cHB collection Hansjorg Bragger (Amriswil)

cWS collection Wolfgang Schiller (Deutschland,

Grenzach-Wyhlen)

Am 15. August 2024 wurde eine Exkursion nach Zer-
matt durchgefiihrt. Zwolf Imagines von Adosomus rori-
dus wurden lebend mitgenommen. Belegtiere sind in den
Sammlungen der Autoren und im NMB hinterlegt. Die
Fotos wurden im Habitat mit einer Olympus tough T3 ge-
macht. Ein Teil der revidierten Exemplare wurde fotogra-
fiert und ist als Suppl. material 1 digital abgelegt.

Resultate
Historische Literaturnachweise

In der Schweiz ist Adosomus roridus sehr lokal und sel-
ten zu finden. Germann (2010) erwihnt pauschal Nach-
weise aus den biogeographischen Regionen Jura, west-
liche Zentralalpen und Alpensiidfianke mit Siidbiinden.
Alte Meldungen stammen aus den Kantonen Wallis und
Schaffhausen. Stierlin (1883) erwédhnt Schaffhausen mit
Verweis auf “Vogler”. Das Belegtier wurde iiberpriift und
befindet sich im MAS. Ritzer (1888) gibt “Zermatt” an
und ergénzt “s.” [= selten], ein Belegtier vom 8.1884 ist in
der Sammlung August Rétzer im NMBE {iberpriift wor-
den. Favre (1890) gibt an “rare. Zermatt (Réitz.); aussi a
Schaffhouse”. Stierlin (1898) listet Zermatt und Randen
bei Schafthausen auf, und erwihnt “sehr selten”. Stierlin
(1906) erwahnt A. roridus als “sehr selten” in seiner Fau-
na des Kantons Schafthausen.

Historische und neuere Funde
Nebst den Literaturhinweisen seit 1883 und dem histo-
rischen Belegtier liegt nur ein neuer Nachweis aus dem

Schafthausischen vor, ndmlich der Fund vom 20. Mai
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1990 von Hansjorg Briagger (cHB). Nach Angaben von
Bragger liegt der exakte Fundort bei an einem trockenen,
sehr mageren, durch Verbuschung bedrohten Kalkstand-
ort bei folgendem Punkt: 47°47'06.04"N, 8°36'44.05"E
[Schweizer Koordinaten: 687'950, 293'375], siidlich
von Bargen oberhalb von Séige.

Konstant bestitigte Nachweise aus der Schweiz wih-
rend 140 Jahren liegen ausschliesslich aus dem Gebiet Zer-
matt vor, angefangen mit einem Belegtier von Rétzer vom
August 1884 im NMBE und Literaturnachweisen seit 1890
von Favre, und einem weiteren Belegtier vom 11.8.1916
von Erich Déniker (auch im NMBE). Weitere zwei Belege
liegen von Victor Allenspach (27.6.1931, NMB) vor, wei-
tere vier Belege aus den Sammlungen Franz Straub und H.
Marchand mit der Angabe “Zermatt” (Juli [19]35, NMB),
eines von Hans Pochon vom 8.1938 (MHNF), vier von Mar-
cel Rehfous vom 3.7.1957 (MHNG), zwei Exemplare von
Wolfgang Schiller vom 17.6.1982 (¢WS) mit detaillierter
Angabe “1670 m, prairie artemisia”, nach Aufzeichnungen
von Pierre Scherler und zuletzt ein aktuelles Exemplar von
Stefan Birrer vom 20.7.2023 oberhalb des Bahnhofs von
Zermatt, Balmen, 46°01'48.19” N, 7°45'02.60"E [Schwei-
zer Koordinaten: 624'165.22, 097'660.30], (NMB).

Weitere Fundorte

In den 70er Jahren wurde von Walter Ettmiiller ein erster
Fund im Tessin bei Mergoscia erbracht (1 ex. 13.7.1973;
Aufzeichnungen Pierre Scherler). Dazu kommt der Nach-
weis in Wiirmli (1976) von der “Lotschbergsiidrampe”
(nach A. Linder; es befinden sich jedoch keine Belegtiere
dazu in der Sammlung an der ETHZ) und ein Fund von
Peter Sonderegger bei Fully [Umgebung] aus dem Jahr
“2005” (cCQG).

Resultate der Begehung

Auf einer gezielten Exkursion nach Zermatt am 15. Au-
gust 2024 wurden zwei nach Siidosten gerichtete Abhén-
ge aufgesucht. Einerseits der Abhang gleich oberhalb des
Bahnhofs von Zermatt (Fig. 1) am Punkt 46°0128.53"N,
7°44'47.74"E [Schweizer Koordinaten 623'848, 97'052],
auf 1600 m . M., und andererseits das etwas hoher gele-
gende Ze Biche am Punkt 46°0123.87"N, 7°44'34.70"E
[Schweizer Koordinaten 623'568, 96'907] auf 1730 m .
M. (Fig. 2). Beide Gebiete sind durch Hangneigung und
Exposition sehr trocken und gut besonnt. Die Vegetation
kann als Felsensteppe bezeichnet werden. An beiden Orten
ist die Wirtspflanze Artemisia absinthium L. gut vertreten,
vorallem auch in gestorten Bereichen (entlang der Wege,
zerfallenden Trockenmauern oder Rutschungen). An die-
sen Stellen konnten auch die Kéfer gefunden werden.

Die Wirtspflanze Artemisia absinthium L. wurde be-
reits von Smreczynski (1968) und Dieckmann (1983) als
Frasspflanzen der Imagines festgestellt, eine Entwicklung
darin wurde auch von Wiirmli (1976) bereits angenom-
men, konnte jedoch bis jetzt nicht gezeigt werden.
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Figures 1-9. 1. Habitat an siidexponiertem Hang auf 1600 m ii. M. oberhalb Zermatt, der von Gérten am Dorfrand bis hinauf zu

Lawinenverbauungen unterhalb eines begrenzenden Steilhangs reicht. Artemisia absinthium wiachst hier an steinigen Ruderalstellen;
2. Zweites Gebiet “Ze Béche” auf 1730 m ii. M., hier wéchst 4. absinthium gehduft an Trockenmauern; 3. Zur Priifung auf Frass
im Wurzelhals und den oberen Wurzelpartien wurden die Wirtspflanzen ausgegraben und aufgeschnitten; 4. In eine ausgefressene
Nische auf der Aussenseite der Hauptwurzel und unterhalb der Bodenoberflache abgelegtes einzelnes Ei (3 mm Lénge), die
Frassspane bedeckten das Ei komplett; 5. Junglarve (ca. 7 mm Linge) in einem Frassgang; 6. Puppe in einem Frassgang in der
Hauptwurzel; 7. Dito, jedoch parasitiert (Kéfervorderteil mit 3 Beinpaaren und Hinterleib bestehend aus einem Larvenkokon des
Parasitoiden); 8. Frisch geschliipfter Kéifer; 9. Ausgehértetes Exemplar am Fundort (Fotos: C. Germann).

alpineentomology.pensoft.net
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Bereits die ersten untersuchten Stauden von Artemisia
absinthium — eher kriftige und grosse Pflanzen (Fig. 3)
— enthielten Eiablage-Gruben (Fig. 4) am Wurzelhals un-
terhalb der Bodenoberfliche, sowie eine bis zwei Junglar-
ven von 6—8 mm Linge pro Wurzelhals oder Hauptwurzel
(Fig. 5). Bei weiteren untersuchten Pflanzen fanden wir
im oberen Bereich der Hauptwurzel Puppen (Figs 6, 7).
Eine der Puppen (Fig. 7) war parasitiert worden und die
Larve des Parasitoiden (Hymenoptera: Braconidae oder
Ichneumonidae) hatte sich aus dem bereits fertig entwi-
ckelten Kéafer herausgefressen und sich ihrerseits auch
verpuppt. Zudem konnten wir am Fundort total 12 Ima-
gines finden. Die Tiere versteckten sich unter oder in den
Pflanzen, wo sie beim Schiitteln der Stauden, manchmal
auch paarweise, herunterfielen und haufig in Schreckhal-
tung mit ausgestreckten Beinen auf dem Riicken lagen.

Die mitgenommene oben erwéhnte Puppe des Kifers
schliipfte nur zwei Tage spiter. Der Jungkéfer war eini-
ge Stunden hell orangefarben (Fig. 8) bevor er die typi-
sche dunkle Farbung mit hellen Schuppenflecken zeigte
(Fig. 9). Erst nach vier Tagen frass das Tier an angebotenen
Bléttern der Wirtspflanze. Bis Mitte September zeigten
die lebend gehaltenen Tiere am Morgen und vormittags
deutlich stirkere Aktivitit, als am Nachmittag und abends
oder nachts. Drei vermutlich dltere Tiere (sichtbar an der
spérlichen Beschuppung und teilweise fehlenden Tarsen-
gliedern) starben innert dieser Zeit. Vermutlich waren es
letztjiihrige Exemplare. Die Ubrigen zeigten regen Frass
an den Bléttern und Sténgeln der A. absinthium-Pflanzen.
Auch konnten mehrfach Kopulae beobachtet werden.

Diskussion

Mit der hiermit bestétigten Entwicklung von Adosomus
roridus in Artemisia absinthium kann eine weitere sicher
belegte Wirtspflanze vorgestellt werden. Die Walliser
Felsensteppe, aber auch Trockenwiesen im Jura (Randen)
sind Habitate von A. roridus in der Schweiz, wobei das in
den Sammlungen dokumentierte stete Vorkommen tiber
140 Jahre bei Zermatt besonders hervorgehoben werden
muss. Bei gezielter Suche konnten bei der Feldbegehung
im August 2024 unerwartet viele Tiere gefunden werden.
Da sich die Art in den dichten Stauden sehr gut verste-
cken kann, ist es leicht, Exemplare von A. roridus trotz
ihrer beachtlichen Grdsse von {iber 15 mm zu {ibersehen.
Die hier vorgestellten Beobachtungen diirften beitragen,
in giinstigen Habitaten die Art wieder (oder iiberhaupt
erst) nachzuweisen. Bei uns in der Schweiz wire ein Wie-
dernachweis im Gebiet des Randen (Schafthausen) zu er-
warten, oder auch ein Erstnachweis in weiteren inneral-
pinen Trockentélern wie dem Unter- oder Oberengadin
wire moglich. Im Wallis wéren zudem sicher weitere ge-
eignete Habitate auf A. roridus zu iiberpriifen. Offensicht-
lich (wie hier auch gezeigt), sind hohere Lagen bis gegen
1700 m 1. M. bei guter Besonnung und Steillage kein
Hindernis zur erfolgreichen Besiedlung und Entwick-
lung fiir Adosomus roridus. Da wir Ende Sommer in den
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subalpinen Felsensteppen von Zermatt Eier, Junglarven
und frisch geschliipfte Imagines antrafen, gehen wir da-
von aus, dass dort die Entwicklung mindestens zweijah-
rig ist (vgl. dazu Trnka et al. 2015). Die gefundenen Eier
(aus welchen iibrigens keine Larven mehr ausschliipften)
zeigen sogar, dass fakultativ zweimal liberwintert werden
kann, einmal im Eistadium, und noch einmal als Imago
nach Schlupf im Spédtsommer. Auch die Eiablage diirfte
sich tiber eine langere Zeit hinziehen von Herbst vermut-
lich bis in den Frithsommer, je nach Witterung. Dies ist
bei Gebirgswetter auch wichtig, da der Winter sehr frith
im Herbst bereits einbrechen kann, dasselbe mit spiten
Kalteeinbriichen im Friihjahr.
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Abstract

Anthophora onosmarum is a poorly known bee species described from the Caucasus (Georgia). New fieldwork has revealed that

the species is present in Bulgaria and Greece, and is also widespread across Turkey, predominantly on the Anatolian plateau. New

behavioural data shows that 4. onosmarum is likely narrowly oligolectic on the plant genus Onosma (Boraginaceae), and is capable

of buzzing flowers to release pollen. This finding illustrates the growing trend of overlooked bee species with more Caucasian, Ana-

tolian, or even Middle Eastern distributions occurring in under-surveyed mountainous parts of the Southern Balkans.

Key Words
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Introduction

Anthophora Latreille, 1803 is moderately large genus of
bees, with around 430 species listed globally (Brooks
1988; Michener 2007; Ascher and Pickering 2024), and
the genus is widely distributed in both the New (Nearctic
and Neotropics) and Old Worlds (predominantly in the
Palaearctic and Afrotropical regions, with marginal oc-
currence in the Oriental region). Although it has a long
history of study, our understanding of individual spe-
cies, their distributions, and indeed the taxonomic status
of the available names is hugely incomplete (e.g. Ras-
mont and Wood 2024). Currently, 77 species are report-
ed from Europe, making Anthophora the seventh largest
genus of bees in this region (Ghisbain et al. 2023).

In this context, we take the opportunity to present new
findings of the poorly studied species Anthophora onos-
marum Morawitz, 1876 which was described from the
Caucasus, from what is the modern day state of Georgia.
To our knowledge, there has not been a single publication
dealing with the ecology and distribution of this species

since its description, with only minimal treatment as to
its subgeneric position (Brooks 1988) or cataloguing of
its type material or publication date (Marikovskaya 2000;
Ebmer 2021). We present its ecology and newly report
the species from Europe for the first time.

Methods

Fieldwork in Bulgaria and Greece in May—June 2024 led
to the discovery of Anthophora onosmarum as new for
Europe. After associating the bee with Onosma sp. (Bor-
aginaceae) in Bulgaria, during an 8-day trip in northern
Greece in June 2024 in Western and Central Macedonia,
we targeted Onosma-rich sites to find additional records
of the bee. We visited approximately 20 sites, of which
10 were in dry, steppe-like slopes between 600—-1000 m.
Onosma plants were abundant at nine of these 10 sites,
suggesting that this plant genus is widely distributed in
hilly regions in northern Greece. Since Onosma-associat-
ed bees were of interest to us, we systematically surveyed

Copyright Thomas J. Wood & Christophe J. Praz. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY
4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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this plant genus whenever large stands were found. In
agreement with Teppner (1995), Osmia apicata Smith,
1853 was the most common Boraginaceae-specialised bee
during these searches; this species was present at a mini-
mum of six of the 10 visited sites. Surprisingly, although
we spent much time in sites with abundant Onosma, we
observed A. onosmarum only at one site, where numerous
specimens were present. Additionally, with the knowl-
edge that 4. onosmarum was present in Europe, searches
of museum collections were able to uncover 23 additional
previously unidentified specimens, clarifying the range of
this species. All specimens were identified by TJW.

A DNA barcode was generated from a male specimen
from Greece using the LepF/LepR primer, following stan-
dard protocols as mentioned in Praz et al. (2022). Field
photographs were taken with a Canon EOS Rebel T6i with
a Canon EF 100mm f/2.8L Macro IS USM lens. Specimen
photographs were taken using an Olympus E-M1 Mark II
with a 60 mm macro lens. Additional close-ups were taken
with the addition of a Mitutoyo M Plan Apo 10X infinity
corrected objective lens in combination with an Olympus
M.Zuiko 2x teleconverter lens, a 10 mm Kenko DG ex-
tension tube, and a Meike MK-P-AF3B 10 mm extension
tube. Photographs were stacked using Helicon Focus B
(HeliconSoft, Ukraine) and plates were prepared in GNU
Image Manipulation Program (GIMP) 2.10. Head length
ratios were measured using photographs in GIMP, mea-
suring from the top of the vertex to the anterior margin of
the clypeus (head length) and between the outer margins
of the compound eyes at their widest points (head width).

Abbreviations

IBER Bulgarian Academy of Sciences, Institute of
Biodiversity and Ecosystem Research, Sofia,
Bulgaria

OOLM  Oberdsterreichisches Landesmuseum, Linz,
Austria

PRUN  Research collection of Christophe Praz, Uni-
versity of Neuchatel, Switzerland

RMNH Naturalis Biodiversity Center, Leiden, the
Netherlands

TIWC Personal collection of T.J. Wood, Leiden, the
Netherlands

ZISP Zoological Institute of the Russian Academy
of Sciences, St. Petersburg, Russia

Results

Anthophora (Paramegilla) onosmarum Morawitz, 1876

Anthophora onosmarum Morawitz, 1876: 15, Q& [Azchur (presumably
Azkur/ Atskuri, Georgia), ZISP, examined by photograph]

Material examined. BULGARIA - 1J; Blagoevgrad,
Gorno Spanchevo, 1.5 km E; 420 m a.s.l.; 22 May 2024;
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T.J. Wood leg.; TIWC « 1J; Stara Kresna; 20 Jun. 1987;
Karas leg.; OOLM (ex. collection B. Tkalci); GREECE
* 14, 19; Western Macedonia, Kottas, 1.6 km E of Vato-
chori; 850 m a.s.1.; 13 Jun. 2024; T.J. Wood leg.; RMNH -
34, 19; Western Macedonia, Kottas, 1.6 km E of Vatocho-
ri; 850 m a.s.l.; 13 Jun. 2024; C. Praz leg.; PRUN; IRAN
* 19; Zentralprovinz, 10 km nordlich Karadj [Karaj];
1100 m a.s.l.; 23 May 1977; Holzschuh & Resel leg.;
OOLM; TURKEY * 13; 10 km W of Urgup [Urgiip]; 15
Jun. 1998; Ma. Halada leg.; OOLM » 2&; 50 km S Kars,
Pasli; 1 Jul. 1997; Ma. Halada leg.; OOLM - 24; Bolu,
S Karayokus Gec Hocadag; 40.3503°N, 31.3003°E;
760 m a.s.1.; 19 Jun. 1986; E. Hiittinger leg.; OOLM « 13,
19; Elazig [Elaz1g]: Hazar-See; 1 Jun. 1978; M. Schwarz
leg.; OOLM « 1J; Konya, 10 km S Karaman; 1100 m
a.s.l; 19 Jun. 1985; M. Schwarz leg.; OOLM ¢ 1; Kon-
ya: Karaman; 11 Jun. 1978; M. Schwarz leg.; OOLM e
29; Madensehir [Madensehri]/Konya; 6 Jun. 1971; K.
Warncke leg.; OOLM « 2Q; Madensehir [Madensehri]/
Konya; 22-23 Jun. 1984; K. Warncke leg.; OOLM + 19;
Malatya, 3 km SE of Kubbe Gecidi, st. 2641; 1700 m
a.s.l.; 3 Jul. 2000; H. v. Oorschot, H. v. d. Brink, P. Oos-
terbroek leg.; RMNH; ZMA.INS.5144676 * 2J'; Maras
[Kahramanmaras], Afsin [Afsin]; 8 Jun. 1985; OOLM
1d4'; Meram, Konya; 14 Jun. 1968; K. Kudas leg.; 00OLM
» 1d; Nevsehir [Nevsehir], Urgup [Urgiip]; 16 Jun. 1977;
K. Warncke leg.; OOLM ¢ 1J; Nevsehir, 10 km NE of
Nevsehir; 1200 m a.s.l.; 5-7 Jul. 1982; H. v. Oorschot
& H. v. d. Brink leg.; RMNH; ZMA.INS.5144674 « 13,
Nordhand des 6stl. Hama dag, siidl. Igdir (Kars); 1300—
1600 m a.s.l.; 27 Jun. 1971; Reinig leg.; OOLM; « 13;
Prov. Ankara, Baglum [Baglum Gtizelyurt]; 1400 m a.s.L.;
13 Jul. 1961;J. Leinfest leg.; RMNH; ZMA.INS.5144675.

Diagnosis. There is currently no modern identification
key for Anthophora that can be used in south-eastern Eu-
rope. The work of Friese (1897) is badly out of date due
to the many taxonomic changes which have been made
and must still be made in the Anthophorini. Anthophora
onosmarum 1is included in this work (as Podalirius s. str.),
but does not key out well as the mandibles can be partial-
ly yellow-marked, whereas Friese considered them to be
entirely dark. Within the European fauna, A. onosmarum
is best diagnosed due to the combination of its elongate
head, in direct frontal view with the lower margin of the
clypeus ventrally projecting below the lower margin of the
compound eyes (Figs 3, 4), with the inner margins of the
compound eyes slightly diverging ventrally (most strongly
pronounced in the male sex, Fig. 8), head therefore rela-
tively elongate, only 1.15-1.20 times wider than long (in
comparison other Anthophora (Paramegilla) species with
the head much wider than long, typically between 1.50—
1.85 times wider than long), malar space slightly expanded
but only subequal to length of antennal segment 4, clypeus
bulging in profile view (extending as far in front of the
compound eye as the diameter of the compound eye itself;
Figs 1, 2), length of tongue very long, almost extending be-
yond tip of metasoma (Fig. 2), in female sex with metaso-
ma covered with either adpressed pale yellow-orange
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Figures 1-6. Anthophora onosmarum Morawitz, 1876 females, light (Turkey, Madensehri; 23 Jun. 1984; K. Warncke leg.; OOLM)
and dark (Turkey, Madengehri; 22 Jun. 1984; K. Warncke leg.; OOLM) forms). 1. Light form, profile; 2. Dark form, profile; 3. Light
form, face, frontal view; 4. Dark form, face, frontal view; 5. Light form, metasoma, dorsal view; 6. Dark form, metasoma, dorsal view.

pubescence (Fig. 5; intensity of colour depending on the
age of the specimen) or adpressed black pubescence (Fig.
6), but if with black pubescence then without lateral white
hairbands, male with extensive yellow markings on face,
these covering the labrum, clypeus, lower paraocular ar-
eas to a level reaching the antennal insertions, ventral sur-
face of antennal scape, and sometimes with a small dot
on the mandibles (Fig. 8), mid legs without hair patches
of fringes, hind basitarsi essentially unmodified (without

the presence of teeth) only slightly thickened apically, and
genital capsule with gonocoxae produced into long api-
cal projections which come to a curved apical point, with
long, thin, and hyaline finger-like gonostyli (Fig. 10). A
revised key to European Anthophora will hopefully be
produced in the near future (TJW, in prep.).

Colour variation. A total of nine female specimens
were examined, these showing two distinct colour morphs
— four specimens showed black pubescence (Greece,

alpineentomology.pensoft.net
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Figures 7-10. Anthophora onosmarum Morawitz, 1876 male (Bulgaria, Stara Kresna; 20 Jun. 1987; Karas leg.; OOLM). 7. Profile;

8. Face, frontal view; 9. Metasoma, dorsal view; 10. Genital capsule, dorsal view.

central Turkey; Figs 1, 3, 5), and five showed yellow pu-
bescence (central and eastern Turkey, Iran; Figs 2, 4, 6).
There was a weak geographic gradient with darker indi-
viduals in the west and lighter individuals in the east, but
on two occasions (Madensehri, 6" June 1971 and 2223
June 1984) Klaus Warncke collected one black and one
yellow female at the same place. The specimens illus-
trated in Figs 1-6 are from Madensehri from the 22-23+
June 1984. Very little is known about colour variation in
Anthophorine bees, and we make no decisive comments
here, other than to say that for at least A. onosmarum
this seems to represent simple variation, as it is not ac-
companied with structural differences. Morawitz (1876)
described the female as being of the yellow form: “Das
Weibchen ist schwarz, das Gesicht, die Schldifen und die
Brust weiss, das Hinterhaupt, die obere Fliche des Tho-
rax und das erste Abdominalsegment sehr dicht fuchsroth
behaart” [The female is black, the face, the gena and the
mesosoma has white hairs, the dorsal part of the thorax
and the first metasomal segment dense, bright orange-red
hairs]. In some Andrena species (Andrenidae), speci-
mens from the Balkans are darker, for example Andrena
(Hoplandrena) clusia ssp. prilepensis Warncke, 1973
(described from North Macedonia) which is almost com-
pletely melanic relative to the nominate subspecies which
was described from Azerbaijan. This can also be seen
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in Eucera (Cubitalia) breviceps (Friese, 1911) (Apidae)
(Aubert et al. 2024a). In any case, male 4. onosmarum
appear to be much more consistent in terms of their co-
louration, with no melanic individuals observed so far.
This would appear to fit the overall pattern of reduced
colour variation in male anthophorines relative to females
(e.g. Brooks 1983).

Genetics. We obtained a full-length (658 base pairs)
DNA barcode from a male specimen (BOLD accession
number HYMAAS898-24; www.boldsystems.org); when
submitted to the identification tool in the Bold Sys-
tems, the closest matches (87.4-89.5% similarity) were
to Anthophora (Paramegilla) balneorum Lepeletier,
1841, A. (Paramegilla) nigrovittata Dours, 1872, and
A. (Dasymegilla) quadrimaculata Panzer, 1798. The tree-
based identification suggested that 4. onosmarum was
sister to a clade containing 4. balneorum and A. nigro-
vittata. These results confirm that the obtained barcode is
distinct from all other species represented on BOLD, and
tentatively suggest phylogenetic affinities with 4. balneo-
rum and A. nigrovittata.

Behavioural observations and general remarks. A
single male of A. onosmarum was captured in south-west-
ern Bulgaria (Blagoevgrad, Gorno Spanchevo) vis-
iting Onosma sp. (given the challenging nature of
Onosma identification, it was not possible to confidently
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determine to species level; Teppner 1991) growing on
piles of discarded building materials mixed with soil on
228 May 2024. The surrounding habitat was composed
of a small area of dry exposed slopes adjacent to a moun-
tain road surrounded by deciduous woodland; Onosma
was observed only on the refuse piles. Despite remain-
ing at the site for several hours, no further individuals of
A. onosmarum were seen.

On 13 June 2024 several individuals (approximately 10
males and five females) of A. onosmarum were observed
in northern Greece (1.6 km E of Vatochori) on dry slopes
with abundant Onosma sp. (Figs 11, 12). The individual
Onosma plants formed spaced clumps, and male 4. onos-
marum were patrolling between clumps (Fig. 13), stopping
only occasionally for nectar (Figs 14—16). Males were ex-
tremely active and difficult to photograph. Some males
stopped to rest by finding thin upstanding stems of dead
or dry vegetation and gripping them with their jaws. Males
were not observed landing on the ground; presumably this
would require more energy to return to the air, or it would
increase the time taken to become airborne and therefore
reduce their ability to quickly react to a passing female.

Females showed a similar behaviour, rapidly mov-
ing between Onosma clumps, usually with their tongue
extended (Fig. 17). Upon encountering a flower, the fe-
males hang upside down from the corolla, using their
long tongue to access the nectaries (Fig. 18). Females
were also observed tightly gripping the corolla (whilst
also keeping their tongue inside, Fig. 19) and were heard

Figures 11-12. 11. Anthophora onosmarum Morawitz, 1876
habitat in northern Greece on 13" June 2016; 12. Onosma sp.

(Boraginaceae).

Figures 13—-16. Anthophora onosmarum Morawitz, 1876 male behaviour visiting Onosma sp. (Boraginaceae) flowers.

alpineentomology.pensoft.net
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Figures 17-20. Anthophora onosmarum Morawitz, 1876 female behaviour visiting Onosma sp. (Boraginaceae) flowers.

to emit a short high pitched buzz. This buzz released pol-
len which could be observed falling onto the underside of
the metasoma as the bee released its grip on the corolla
(Fig. 20). This pollen is presumably then groomed into
the hind tibial scopa during flight.

Based on the long tongue (necessary to reach the deep
nectaries of the Onosma flowers), the flower-buzzing be-
haviour, and the generally strong behavioural association
with this plant genus (also mentioned in Morawitz 1876),
we consider A. onosmarum likely to be narrowly oligolectic
on this plant genus. It is not impossible that other genera of
Boraginaceae are used; evidence from other bee groups is
mixed. Osmia (Osmia) apicata Smith, 1853 (Megachilidae)
is broadly oligolectic on Boraginaceae with a preference
for Onosma (Haider et al. 2013), but this species does not
buzz the flowers and scrapes out the pollen with its forelegs
(Gogala and Surina 2011). Hoplitis (Hoplitis) onosmaevae
Aubert, 2024 (Megachilidae) and E. breviceps however do
buzz flowers of Onosma (Aubert et al. 2024a, 2024b), and
seem to be narrow oligoleges of Onosma. In the new world,
Boraginaceae-associated Perdita species (Andrenidae) also
show variation within their use of this botanical family,
from broad to very narrow specialisation (Portman et al.
2016). Ultimately, pollen analysis on collected specimens
or more extensive behavioural observations would been
needed to decisively conclude on this question.
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Based on the examined specimens, collected males
outnumber collected females by slightly more than 2:1
(21 examined males, nine examined females), and the
flight period ranges from 22" May to 13" July, with a
median date of 16" June. This would fit with our obser-
vation on 13" June 2024 in northern Greece, where we
observed a mixture of patrolling males showing signs of
wear, combined with pollen collecting females, implying
that nest provisioning was well underway.

Whilst 4. onosmarum is here newly reported for
Bulgaria, Greece, and Europe as a whole, inspection of
specimens from the Borek Tkalcti collection (OOLM) re-
vealed that an undetermined male was actually collected
in Bulgaria as early as 1987. Searches in the IBER col-
lection in Sofia in 2023 and 2024 (TJW) did not uncover
any further specimens, but searches were not exhaustive.

Distribution. Greece*, Bulgaria*, Turkey*, Georgia,
Iran (Rasmont 2014; Ascher and Pickering 2024) (Fig. 21).

Distributional notes. The /ocus typicus is “Azchur”
which is probably the village of Atskuri in southern Geor-
gia (41.73°N, 43.16°E) and which is alternatively spelt
“Azkur” or “Ahiska”. This village is located at an altitude
of 900 metres above sea level. Iran is listed based on a
GBIF record from the Donald Baker collection from the
Snow Entomological Collection at the University of Kan-
sas. Its details are “Iran: centr. Alborz, Kandavan Pass,
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Figure 21. Distribution map for Anthophora onosmarum Morawitz, 1876 (green points) based on examined specimens and verified

literature records.

nr. Pol-e-Zanguleh, 2200 m. 8 VII 1967. STA 8. Baker
Exp.”. This record comes from just 40 kilometres to the
north-east of the specimen we report here from north of
Karaj. Rasmont (2014) also lists southern Russia (North
Caucasus) which is plausible (although the species is not
listed from Russia by either Levchenko et al. 2017 or Pro-
shchalykin et al. 2023), and Libya, this being not at all
plausible clearly the result of an encoding or other type of
data error. We therefore take a conservative approach in
our distributional listing based on confirmed specimens.
Given the collecting locality in north-western Greece,
A. onosmarum is almost certainly present also in Albania
and North Macedonia. Where altitude data are available,
A. onosmarum is found between 420-2200 metres above
sea level, with 7/10 records with altitude information re-
ported above 1000 metres above sea level.

Concluding remarks

Although the attractiveness of the plant genus Onosma
for bees has been known for some time (Dukas and Dafni
1990; Teppner 1995; see also Teppner 2011), the recent
finding of a newly described species (Hoplitis onosmae-
vae) ranging from southern France to Turkey and north-
ern Iraq (Aubert et al. 2024b) and a new eucerine bee
reported for western Europe (Eucera breviceps; Aubert et
al. 2024a), as well as our observations of A. onosmarum,
suggest that bees associated with this plant are still poorly
investigated. Our findings in Greece indicate very local
or sporadic appearance, given the abundance of their host
plants. Similarly, we observed Eucera breviceps at only a
single site (2 km E of Komnina, 40.5882°N. 21.8007°E),
where three females were spotted on the same patch of

Onosma, even though Onosma was abundant at that site.
Given the large body size of 4. onosmarum, its over-
looked presence in Europe is surprising, even with these
stated caveats.

Overall, our limited observations correspond to those
made by Teppner (1995), with Osmia apicata the dom-
inant visitor to Onosma in the Balkans, with other spe-
cies like E. breviceps only recorded once. Teppner (1995)
also mentions an unidentified species of Anthophora col-
lected on Onosma on the foothills of Mount Orvilos on
the Greek/Bulgarian border (also known as Slavyanka),
which could belong to A. onosmarum as it is less than
20 km from the known specimen collected from Gorno
Spanchevo in Bulgaria. Taken together, these observa-
tions emphasise the rarity of both 4. onosmarum and E.
breviceps in the Balkans, in spite of the wide distribution
and abundance of their host-plants. They also emphasise
the growing trend of bee species with more Caucasian,
Anatolian, or even Middle Eastern distributions occurring
in under-surveyed mountainous parts of the Southern Bal-
kans (Ghisbain et al. 2023; Aubert et al. 2024a, 2024b).
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Jean Wiiest, notre membre de longue date (depuis
1966), a ét¢ nommé membre d’honneur de la Société
entomologique suisse le 9 mars 2024, lors de I’assemblée
annuelle de la SES a Neuchatel. Jean fait partie des visages
bien connus de notre société : depuis 36 ans, il assiste
assidument aux réunions de la société dont il a été membre
du comité de 1978 a 2024 en tant que délégué de la Société
entomologique de Geneve (SEGe). De 1999 a 2002, il a
été Président, puis, de 2002 a 2005, Vice-président de la
SES. De nature discréte mais travailleur et rigoureux, il a
su apporter son aide et son soutien a la société.

Né a Genéve le 27 janvier 1943, Jean Wiiest est
profondément ancré dans 1’entomologie genevoise : il
est le petit-fils de John Jullien, membre fondateur de la
Société 1épidoptérologique de Genéve en 1905, devenue

la Société entomologique de Genéve (SEGe) en 1958.
Il est actif dés 1’age de 15 ans a la SEGe, présentant
des photos d’insectes et montant des expositions. Il
entre dans son comité en 1966, puis préside la SEGe
de 1970 a 1980. En tant que rédacteur principal du
« Bulletin romand d’Entomologie » (1981-2008), il
apportera un soutien essentiel au développement de
cette revue et a I’entomologie en Romandie. En 2008,
la fusion du « Bulletin romand d’Entomologie » avec
les « Mitteilungen der Entomologischen Gesellschaft
Basel » (1951-2008) et les « Entomologische Berichte
Luzern » (1979-2007) a donné naissance a la nouvelle
revue d’entomo-faunistique suisse « Entomo Helvetica ».

Jean Wiiest est titulaire d’un doctorat en biologie de
I’Université de Geneéve, basé sur sa thése de doctorat
dans laquelle il a traité des aspects histologiques et
cytologiques chez Nauphoeta cinerea (Olivier, 1789)
(Blattodea, Blaberidae) (thése n°® 1707, Université de
Geneve). Il est titulaire de certificats de microscopie
¢électronique (Université de Geneve, 1969) et de
radioisotope (Ecoles polytechniques fédérales de Zurich
et Lausanne, 1971). Il sera recruté par le Muséum
d’histoire naturelle de Genéve (MHNG) en 1979 en tant
que chargé de recherche responsable du microscope
¢électronique a balayage aprés qu’il a copubli¢ une
image de spores du champignon Tarichium gammae
J.Weiser (Entomophthorales, Entomophthoraceae),
récoltés sur des larves d’Ocnogyna parasita (Hiibner,
1790) (Lepidoptera, Erebidae, Arctiinae) au Laquintal,
une premiere pour 1’époque ! Il collaborera ainsi sur de
trés nombreux projets du MHNG, du Conservatoire et
jardin botanique (CJB), du Musée d’Art et d’Histoire
et de la Facult¢ des Sciences de I’Université. Ses
images ont été utilisées dans plus de 300 publications
scientifiques (dont les ndtres, ce dont nous lui sommes
trés reconnaissants !). Il a également rédigé les carnets
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du Muséum de 1998 a 2005. Parallélement a son poste
au MHNG, il effectua une carriére d’enseignant dans
le département de Zoologie, a la Faculté de Sciences
de I’Université de Geneve. Il y a été maitre assistant
(1975-1980) avant de devenir chargé de cours (1980—
2008). Il a dispensé des cours de systématique animale,
d’entomologie, de microscopie et d’endocrinologie
comparée et accompagna des stages de biologie marine.
Enfin, il enseigna la parasitologie a la Haute école
du paysage, d’ingénierie et d’architecture de Genéve
(HEPIA). Jean était trés pince sans rire, tant qu’il
était parfois difficile de savoir s’il blaguait ou non.
Pendant son cours de systématique, il aimait traiter les
Rhinogradentia (comme un vrai groupe) pour tester les
étudiants. Il arrivait méme que les étudiants ne s’étaient
pas rendus compte qu’il s’agissait d’un canular a la fin
du cours !

L’implication de Jean Wiiest dans les sociétés savantes
semble étre une composante de son identité : il a été
membre de pas moins de huit sociétés et associations. En
outre, il a fait partie de la Commission fédérale d’experts
CITES (2000-2008), du Conseil scientifique des Congres
internationaux francophones d’entomologie (1998-2006)

et du Council for international entomology congresses
(délégué de la Société entomologique suisse, 2000-2004).

En genevois impliqué, Jean intégra la Compagnie
de 1602. Celle-ci organise chaque année le défilé
commémoratif de la bataille de I’Escalade lorsque, le
12 décembre 1602, les Savoyards ont failli prendre
Geneve. Ces faits d’armes sont une des composantes
importantes de 1’identité genevoise dont le récit est relaté
dans I’hymne genevois, le « Cé qu’¢ laind », d’ailleurs
récemment inscrit dans la Constitution cantonale. Enfin,
nous aimerions également mentionner que Jean a joué
du violon pendant plus de 70 ans et qu’il a fait partie de
plusieurs orchestres amateurs, ou il a pu interpréter des
ceuvres du 18° au 20° siecle, y compris des opéras (par
exemple La Traviata).

Nous sommes heureux et fiers de compter Jean Wiiest
parmi nos membres d’honneur. Au nom de toute la SES,
nous souhaitons lui adresser un immense merci pour
toutes les années passées au service de la société !

Vivien Cosandey
(Muséum d’histoire naturelle der Genéve) et
Daniel Burckhardt (Naturhistorisches Museum, Basel)

alpineentomology.pensoft.net
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In diesem Jahr fand die Jahresversammlung der SEG auf
Einladung des Naturhistorischen Museums Neuchatel am
8. und 9. Mérz in Neuchatel statt. Der Themenschwer-
punkt am Freitag galt Insektenschidlingen auf Nutz-
pflanzen und den Interaktionen zwischen phytochemi-
schen Stoffen und Herbivoren. Mit zwei Hauptvortrigen
von Betty Benrey und Ted Turlings von der Universitét
Neuchatel gab es einen umfassenden Einstieg in das The-
ma. Zunéchst behandelte Betty Benrey das Thema der
Pflanzenzucht und deren Auswirkung auf die chemischen
Abwehrstoffe der Pflanzen. Die Selektion des Menschen
fiihrte bei vielen Nutzpflanzen zu grésseren Organen (z.
B. Friichte, Wurzeln, Blitter) und geringerer Samenver-
teilung, aber auch zu einem geringeren Gehalt an toxi-
schen Substanzen. Dies kdnnte dazu gefiihrt haben, dass
die natiirliche Abwehr gegeniiber Herbivoren ebenfalls
reduziert wurde. In zahlreichen Studien mit mesoameri-
kanischen Nutzpflanzen, die eine lange Kultivierungsge-
schichte haben, konnte gezeigt werden, dass bestimmte
Pflanzenteile von Kultur- und Wildpflanzen unterschied-
lich von Herbivorie betroffen waren. Zum Beispiel waren
die Blatter von wilden und geziichteten Limabohnen fiir
die Entwicklung von Raupen gleich gut geeignet, hin-
gegen entwickelten sich samenfressende Kéfer aufgrund
reduzierter Inhaltsstoffe auf den Kulturpflanzen besser.
Eine Moglichkeit, diese negativen Effekte in Nutzpflan-
zen abzumildern, ist ein Anbausystem mit Mischpflan-
zung. Im Experiment war die Arthropodendiversitit in
Mehrkulturen aus Bohnen, Mais und Kiirbis (Milpa-Sys-
tem) hoher im Vergleich zu Monokulturen. Dies erhoh-
te die Stabilitdt des Systems, da z. B. Parasitoide durch
extraflorale Nektarien der Bohnen angelockt wurden und
langer iiberlebten, wodurch die Parasitierungsrate bei
Larven auf benachbarten Maispflanzen anstieg.

Im zweiten Hauptvortrag gab Ted Turlings einen Uber-
blick zum Thema frass-induzierte pflanzliche Signalstof-

fe. Dabei spannte er den Bogen von den Anfiangen der
Forschung bis zu modernen Anwendungsmoglichkeiten zur
Schédlingsbekdmpfung. Da die Frassaktivititen eines Her-
bivoren die Pflanzen zur Produktion und Emittierung eines
bestimmten Substanzgemischs anregt, lassen sich bereits
verschiedene Schadlinge mit technischen Hilfsmitteln al-
lein aufgrund dieser abgegebenen Stoffe identifizieren. Dies
konnte in Zukunft fiir eine Echtzeitiiberwachung von Fel-
dern und einen gezielten Einsatz von biologischer Schéd-
lingsbekdmpfung (z. B. mit Nematoden) genutzt werden.

Folgende fiinf Vortrage wurden am Freitag gehalten:

* Consequences of plant domestication for resistance
against insect herbivores — case studies with Meso-
american crops.

Betty Benrey, Universitdt Neuchatel

* Herbivore-induced plant volatiles and their possible
use in crop protection.
Ted Turlings, Universitdt Neuchatel

+ Erstnachweis von invasiven Douglasiengallmiicken
der Gattung Contarinia (Diptera: Cecidomyiidae)
in der Schweiz — eine neue Bedrohung fiir die Zu-
kunftsbaumart Douglasie?

Simon Blaser, Eidg. Forschungsanstalt WSL,
Birmensdorf

* Culture du colza et lutte contre ses insectes ravage-
urs: la durabilité est-elle possible?
Ivan Hiltpold, Agroscope, Nyon-Changins

+ Lutte biologique contre Drosophila suzukii: Etat
des lieux sur les lachers des parasitoides exotiques.
Dominique Mazzi, Agroscope, Cadenazzo

Copyright Marc Neumann. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Am Samstag wurde das Thema der chemischen Stoffe
bei Pflanzen-Herbivoren-Interaktionen fortgefiihrt. Ser-
gio Rasmann von der Universitdt Neuchatel behandelte in
seinem Hauptvortrag den Aspekt der moglichen Ko-Evo-
lution von Herbivoren und Pflanzen, mit einem Schwer-
punkt auf Kéfer. Die hohe Diversitit bei den Coleopteren
konnte zum Teil eine Folge der Anpassung an die chemi-
sche Abwehr ihrer Nahrungspflanzen sein. Eine Hypothe-
se dabei ist, dass die Pflanzenabwehr in Regionen mit ho-
herer Pflanzen-Herbivoren-Interaktion stérker ausgepragt
sein sollte. Verschiedene Studien stiitzen diese Annahme:
Die Arten der Gattung Asclepias (Seidenpflanzen) wei-
sen weniger chemische Stoffe auf, je weiter entfernt vom
Aquator sie vorkommen. Dies korreliert mit der allge-
meinen Diversitdt von Pflanzen und Herbivoren. Analog
zeigte sich, dass in der Schweiz die chemische Abwehr
von Pflanzen mit zunehmender Hohenlage abnimmt, par-
allel zur Haufigkeit von Interaktionen zwischen Pflanzen
und Herbivoren. Im Test waren Alpenpflanzen daher auch
weniger resistent gegen einen Nahrungsgeneralisten (Af-
rikanischer Baumwollwurm, Spodoptera littoralis) als
vergleichbare Arten aus dem Tiefland.

Am Nachmittag folgte eine Reihe von weiteren interes-
santen Vortragen aus den verschiedensten Themengebieten.

Folgende sieben Vortrage wurden am Samstag gehalten:

* Chemically-mediated plant-insect interactions across
space and time.
Sergio Rasmann, Universitdt Neuchatel

» Die Blattflohfauna der Schweiz (Hemiptera, Psyl-
loidea).
Daniel Burckhardt, Naturhistorisches Museum Basel

» Résultats préliminaires de I’inventaire national des
collemboles et acariens.
Sylvain Lanz & Loic Bulliard, horizon a

» Reference genomes and entomology — insights
from Lepidoptera.
Kay Lucek, Universitit Neuchatel

 Situation du moustique tigre (Aedes albopictus) en
Suisse romande.
Daniel Cherix, Universitit Lausanne

* Le frelon asiatique est arrivé | Qui est-il et que peut-
on faire?
Carine Vogel, https://www.frelonasiatique.ch

* What drives host-switches and diversification in
cuckoo-bees: chemical ecology, ecological niche,
or phenology?

Christophe Praz, Universitit Neuchatel / info fauna

Christophe Praz, Jessica Litman und dem Team
des Naturhistorischen Museums Neuchatel sei fir die

alpineentomology.pensoft.net

hervorragende Organisation und Verpflegung wihrend
der Jahresversammlung herzlich gedankt.

Generalversammlung
Begriissung

Die Présidentin Dominique Mazzi er6ffnet die General-
versammlung um 9:35 Uhr und begriisst die anwesenden
24 Mitglieder und einen Gast (total 25 Personen).

Protokoll der Generalversammlungen 2023
in Ziirich und via Videokonferenz

Das Protokoll wird kommentarlos und unverindert ge-
nehmigt.

Bericht der Prisidentin, Dominique Mazzi

Administratives

Die SEG wurde im administrativen Bereich auch 2023
wieder von info fauna unterstiitzt. Die SEG ist Mitglied
der Plattform Biologie der Akademie der Naturwissen-
schaften Schweiz (SCNAT) in Bern und wurde dort von
der Leiterin der Plattform, Claudia Rutte, betreut.

Finanzielle Unterstiitzung

Die von der Présidentin der SEG eingereichten Gesu-
che wurden von der Akademie der Naturwissenschaften
Schweiz (SCNAT) in Bern und der Biedermann-Man-
tel-Stiftung in Ziirich mit 9200 CHF bzw. 6°000 CHF
unterstiitzt. Wir sind diesen beiden Geldgebern fiir ihre
wichtigen Beitrdge sehr dankbar.

Jahresversammlung,
standssitzungen

Generalversammlung und Vor-

Die Jahrestagung der SEG (entomo.ch) fand am 3. und 4.
Marz 2023 an der ETH Ziirich statt. Die gut besuchte Ver-
anstaltung bot den Teilnehmenden einen Einblick in ver-
schiedene Aspekte der entomologischen Forschung in der
Schweiz und Raum fiir den personlichen Austausch. Insge-
samt wurden 15 wissenschaftliche Vortrige gehalten.

Die Themenschwerpunkte lagen bei der Erforschung der
Biodiversitéit der Schweizer Insektenfauna und beim Ein-
satz von Parasitoiden in der angewandten Schadlingsbe-
kidmpfung. Das vollstandige Programm der entomo.ch 2023
ist unter diesem Link verfiigbar: https://entomo.ch/de/news/
uuid/i/5986701a-bdfa-5¢9¢c-b3c5-c16810b9b647-entomo.
ch 2023 Die Generalversammlung fand am 4. Mérz 2023
an der ETH Ziirich statt. Es fanden zwei Vorstandssitzungen
statt: Freitag, 3. Méarz an der ETH Ziirich und Mittwoch,
1. November 2023 am Naturhistorischen Museum in Bern.
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Website

Die SEG-Webseite auf dem Portal Naturwissenschaften
Schweiz der SCNAT (https://entomo.ch/) dient als erste
Anlaufstelle fiir alle moglichen Fragen zu Insekten. Als
Kontaktperson auf der Webseite erhielt die Priasidentin
der SEG im Jahr 2023 zahlreiche Anfragen zu verschie-
denen Themen von der Offentlichkeit und den Medien.
Alle Anfragen wurden beantwortet oder zur Beantwor-
tung an anderen Organisationen oder Expertengruppen
weitergeleitet.

Forschungsunterstiitzende Informations- und Koordina-
tionsaufgaben

In Partnerschaft mit dem DigiCenter der ETH-Bibliothek
arbeitet die SEG seit einigen Jahren an verschiedenen Di-
gitalisierungsprojekten. Sobald ein Projekt zu Ende ge-
fiihrt wird, sind alle Binde der vollstindig digitalisierten
Zeitschrift im pdf-Format online 6ffentlich zugénglich:
https://www.e-periodica.ch/

Neulich wurden drei weitere Zeitschriftenreihen auf-
geschaltet, alle aus dem Raum Basel: «Mitteilungen
der Entomologischen Gesellschaft Basel» (1951-2007),
«Mitteilungen des Entomologen-Vereins Basel und Um-
gebung» (1917-1922) und «Vereins-Nachrichten / Ento-
mologen-Verein Basel und Umgebungy (1944-1950).

Eine Unterseite der SEG-Webpage liefert eine Uber-
sicht aller Digitalisierungsprojekte mit Links zu den
Seiten auf e-periodica: https://entomo.ch/de/publicati-
ons/digitalisierungsprojekte Ausserdem wurde im Jahr
2023 wieder der prestigetrdchtige Prix Moulines der
SEG fiir eine herausragende entomologische Publika-
tion verliehen. Der Prix Moulines ging an Christian
Roesti fiir sein Buch «Die Steinfliegen der Schweiz»
(2021, Haupt Verlag, Bern). Es handelt sich um ein
Nachschlagewerk und Bestimmungsbuch, das alle
Steinfliegenarten der Schweiz auffithrt. Das mit zahl-
reichen wissenschaftlichen Zeichnungen und Farbfo-
tos illustrierte Buch beinhaltet auch Verbreitungskar-
ten und Sonogramme. Es bietet einen neu erarbeiteten
Bestimmungsschliissel und beschreibt umfassend die
Morphologie, die Biologie und den Lebensraum der
Arten. Diese Auszeichnung kront die hervorragende
Leistung des Autors und fordert die Verbreitung des
Werks. Mehr Informationen unter: https://entomo.ch/
de/uuid/i/eacf1031-2e15-5510-a0ad-a3bf066526a9-
Prix_Moulines_geht an_Christian_Roesti.

Insekt des Jahres

Wie jedes Jahr wurde in Zusammenarbeit mit den
Schwestergesellschaften in Deutschland und Osterreich
das «Insekt des Jahresy» gekiirt. Ziel dieser Initiative
ist es, Okologisch wichtige aber oft unterschitzte In-
sekten der Bevolkerung ndher zu bringen. Das Insekt
des Jahres 2024 ist der Stierkéfer, Typhaeus typhoeus,
ein Vertreter der Familie der Mistkéfer und Botschafter

einer Gruppe von «Nutztieren», die dafiir sorgen, dass
der Dung von Sdugetieren zersetzt wird und die darin
enthaltenen Nahrstoffe wieder fiir die Pflanzen verfiig-
bar sind. Wie iiblich wurde ein Flyer dazu verfasst, der
via SEG bezogen werden kann. Mehr Informationen
unter: https://entomo.ch/de/portrait/insect_of the year/
insect_of the year 2024.

Im Namen des Vorstandes und der SEG-Mitgliedschaft
bedanke ich mich nochmals besonders herzlich bei allen
genannten Institutionen, Gremien und Personen fiir ihre
wertvolle Unterstiitzung und ihren Einsatz.

Bericht des Redaktors der Fauna Helvetica,
Daniel Burckhardt

Im Berichtsjahr wurden die Biande 33 und 34 publiziert.
Band 33 von H. Luka, L. Pfiffner, A. Luka-Stan und P.
Nagel ist den Staphylinidae (ohne Pselaphinae und Scyd-
maeninae) gewidmet mit Angaben zur Okologie und Ver-
breitung. Es ist dies der erste Band von Fauna Helvetica,
der ausschliesslich digital publiziert wurde. Band 34 von
H. Bléchlinger behandelt die Bombyliidae. Der reich be-
bilderte Band liegt in gedruckter Form vor und beinhaltet
Bestimmungsschliissel und Artportréts.

Die tiberarbeitete Version der Checkliste der Dipteren
der Schweiz (Merz et al. 1998), die als zweiter Band der
FH-Reihe nur in digitaler Form erscheinen wird, befindet
sich derzeit in der Layout-Phase. Das Manuskript von T.
Hertach tiber die Singzikaden ist jetzt weit fortgeschritten
und weitere Arbeiten sind in Vorbereitung.

Fiir die gute Zusammenarbeit mdchte ich meinem
Redaktionskollegen Dr. Yves Gonseth und den Mitarbei-
terinnen und Mitarbeitern von info fauna ganz herzlich
danken.

Bericht der Chefredaktorin von Alpine
Entomology, Jessica Litman

The seventh issue of Alpine Entomology was sent out
to members in February 2024. This issue included
twenty-two articles representing a total of 284 pages:
16 research articles, four short communications and one
in memoriam, as well as the yearly report of the SES.
Five new articles were added to the topical collection
“Trends in arthropods of alpine aquatic ecosystems” and
one new article to the topical collection “Impacts of alien
insects in the Alpine ecosystem”. This issue saw several
changes to the editorial board of Alpine Entomology.
Jessica Litman (Muséum d’histoire naturelle de
Neuchatel) replaced Thibault Lachat as editor-in-chief;
other members of the board now include Yves Basset
(Smithsonian Tropical Research Institute), Hannes Baur
(Naturhistorisches Museum Bern), Seraina Klopfstein
(Naturhistorisches Museum Basel), Dominique Mazzi
(Agroscope Cadenazzo), Lyubomir Penev (Pensoft) and
Inon Scharf (Tel Aviv University).

alpineentomology.pensoft.net
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Alpine Entomology has been indexed by Scopus since
2020. In June 2023, Alpine Entomology received its first
impact factor in Clarivate’s Journal Citation Reports, de-
monstrating its increasing visibility and importance in the
field. Many thanks are due to subject editors, reviewers
and to Pensoft, for ensuring the timely publication of sub-
mitted articles (average time from submission to publica-
tion in 2023 = 2.7 months). Ideas for new topical collec-
tions are welcome. In the future, Alpine Entomology will
continue to strive to attract a steady flow of high-quality
articles concerning alpine and montane entomology from
regions around the world.

Bericht des Quiistors, Yohan Collaud

Aus der Jahresrechnung 2023 von Herrn Collaud ist fol-
gende Tabelle entnommen:

Positionen / Objets /A;Z;g):::zs E/"E";IZT::
Publikationskosten / Charges de publications:
Publikation AE - Druck / Impression 7'881.48
Pensoft: Website, Open access 14'814.75
Publikation «Fauna Helvetica» 23'510.85
Honorare Hauptreferenten / Honoraires des
conférenciers principaux 725.00
ETH-Digitalisierungsprojekte / Projets de digitalisation 1'207.51
ETH
Verwaltung / Administration 12141.37
Beitrag sc|nat / Cotisation sc|nat 1463.00
Arbeitsgruppenférderung / Groupes soutien de travail 1'689.75
Ausserordentliche Kosten / Charges extraordinaires 678.00
Mitgliederbeitrage / Cotisations 14'457.00
Verkaufe «Fauna Helvetica» / Ventes «Fauna Helvetica» 7'328.60
Beitrage / Subventions:
sc|nat 6'914.75
Biedermann-Mantel-Stiftung 6000.00
Spenden und sonstige Einnahmen / Dons et autres 30.00
produits
Zinsen / Intéréts:
SEG-Konten / Comptes SEG 150.80
Wechselkursdifferenz / Différence de change 10.48
«Fauna Helvetica»~Konto / Compte «Fauna Helvetica» 73.68
Auflésung von Riicklagen / Dissolution de réserve 22'265.00
(«Fauna Helvetica»)
Total / Totaux 64195.87 | 57'146.15
Jahresverlust / Perte annuelle 2023 -7'049.72
57146.15| 57'146.15

Die Erfolgsrechnung fiir das Jahr 2023 schloss mit
einem Verlust von 7°049.72 CHF und einem Vermogen
von 100°403.20 CHF.

Daniel Burckhardt und Yves-Gonseth merken an, dass
die Betrdge fiir Ausgaben bei Fauna Helvetica schwer zu
budgetieren sind, da die Veroffentlichungen von neuen
Bénden unregelmadssig erfolgen. Ausserdem gab es im
Jahr 2023 zum ersten Mal einen rein digitalen Band, bei
dem natiirlich Druck- und Versandkosten entfallen.

alpineentomology.pensoft.net

Bericht der Rechnungsrevisoren, Andreas
Sanchez und Yannick Chittaro

Sehr geehrte Damen und Herren

Als Kontrollstelle der Schweizerischen Entomologi-
schen Gesellschaft und der Entomo Helvetica haben
wir die Jahresrechnung 2023 gepriift. Dabei stellten wir
fest, dass:

— die Eroffnungsbilanz, der Jahresabschluss und die Be-
triebsrechnung der Rechnungserlegung entsprechen

— die Belege konform und genau sind und den gewdhn-
lichen Aktivitdten der SEG entsprechen

— das Vermogen der Gesellschaft dem Aktivkonto der
Bilanz (Liquiditat + Transitorische) entspricht.

Fiir ihren Teil gewéhrleistet die Kassiererin, dass die
Buchfiihrung, im Rahmen ihrer Befugnisse, korrekt und
nach den Prinzipien der Formel des Obligationencodes
(CO 959 t 662a/2) durchgefiihrt wurde.

Deshalb beantragen wir der Mitgliederversammlung,
die vorliegende Jahresrechnung zu genehmigen und der
Quistorin Entlastung zu erteilen.

Den Quiéstoren wird von den anwesenden Mitgliedern
einstimmig Decharge erteilt.

Finanzielles und Mitgliederbeitriage

Finanzielle Situation der SEG

Die Présidentin erldutert den Anwesenden die derzeiti-
ge finanzielle Situation der SEG. Aktuell wird ein jahr-
licher Verlust von 6°000 bis 7°000 CHF verzeichnet. Dies
liegt zum Grossteil an gestiegenen Kosten bei unserer
Zeitschrift «Alpine Entomology» (Druck, Versand). Der
Vorstand hat daher beschlossen, eine Erhdhung der Mit-
gliederbeitridge vorzuschlagen: Mitglieder in Ausbildung
zahlen weiterhin 30 CHF, Mitglieder, die auf ein gedruck-
tes Exemplar von «Alpine Entomology» verzichten, zah-
len weiterhin 60 CHF und Mitglieder, die ein gedrucktes
Heft erhalten wollen, zahlen nun 90 CHF. Es folgt eine
allgemeine Diskussion zum Thema Finanzielles bei «Al-
pine Entomology». Hannes Baur, der einer der Mitiniti-
anten bei der Umstellung auf unsere neue Zeitschrift war,
erldutert: In der Anfangsphase von «Alpine Entomology»
hat man bewusst niedrige Publikationskosten angesetzt,
um die Zeitschrift attraktiver und bekannter zu machen.
Die Publikationskosten kdnnten nun angehoben und fle-
xibler gestaltet werden (Waiver-System). Christophe Praz
merkt an, dass z. B. Publizierende mit einer Schweizer
Institution im Riicken (Universitidt, Museum etc.) mehr
bezahlen konnten, da die Kosten von den Institutionen
ibernommen werden.
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Ein weiterer Einwand ist, dass gemiss Statuten alle
Mitglieder der SEG ein Anrecht auf ein gedrucktes Ex-
emplar unserer Zeitschrift haben, weshalb eine Erho-
hung der Mitgliederbeitridge in Zusammenhang mit dem
Erhalt der Zeitschrift ohne eine Statutendnderung nicht
moglich wire.

Die Présidentin schlidgt zum Schluss der Diskussion
folgendes vor:

1. Das Preissystem der Publikationskosten von «Alpi-
ne Entomology» soll angepasst werden.

2. Alle Mitglieder der SEG sollen befragt werden, ob
sie in Zukunft weiterhin ein gedrucktes Exemplar
von «Alpine Entomology» erhalten mochten, oder
freiwillig darauf verzichten. Dies soll die Druck-
und Versandkosten senken.

3. Die Mitgliederbeitrége sollen nicht gedndert werden.

Die Vorschldge werden einstimmig angenommen.

Mitgliederbeitrige 2024

Die Beitrige bleiben erneut gleich (siche oben): Mitglie-
der in der Schweiz zahlen 60 CHF, Studierende oder sich
anderweitig in Ausbildung befindende Mitglieder zahlen
nur die Halfte des ordentlichen Beitrags (30 CHF). Mit-
gliedern im Ausland, die die gedruckte Version von «Al-
pine Entomology» wiinschen, werden zusitzlich 15 CHF
Versandkosten verrechnet.

Personelles
Anderungen im Vorstand

— Unsere Medienverantwortliche Claudia Buser hat ihr
Amt aus beruflichen Griinden niedergelegt. Oliver

Martin und Dominique Mazzi werden das Amt ad inte-
rim weiterfiihren, bis eine Nachfolge gefunden wurde.

— Vivien Cosandey tibernimmt die Vertretung der asso-
ziierten Lokalgesellschaft aus Genf von Jean Wiiest.
Der Wechsel wird einstimmig bestétigt.

Ehrenmitglieder

Jean Wiiest wird vom Vorstand als Ehrenmitglied vor-
geschlagen. Herr Wiiest war als wissenschaftlicher Mit-
arbeiter am Muséum d’Histoire Naturelle de Genéve
titig, wo er das Elektronenmikroskop betreute. Gleich-
zeitig war er auch Lehrbeauftragter fiir Entomologie an
der Universitdt Genf. Von 1978 bis 2024 war Herr Wiiest
Vorstandsmitglied der SEG als Vertreter der Société Ent-
omologique de Genéve. Von 1999 bis 2002 war er zudem
Prasident und von 2002 bis 2005 Vizeprisident der SEG.
Die Ernennung wird einstimmig angenommen.

Todesfille

Unserem verstorbenen Mitglied Heidi Giinthart-Butz
(Expertin fiir Zikaden, Ehrenmitglied der SEG; 1919—
2023) wird mit einer Schweigeminute gedacht.

Jahresversammlung 2025

Die nichste Jahresversammlung, die entomo.ch 2025,
soll am 1. oder 2. Mirzwochenende stattfinden. Ein defi-
nitiver Austragungsort steht noch nicht fest.

Ende der Generalversammlung um 11:03 Uhr.

Zuchwil im November 2024,
der Sekretdr Marc Neumann.

alpineentomology.pensoft.net






