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Abstract

Osmoderma eremita (Scopoli, 1763) is a saproxylic scarab beetle protected by the Habitats Directive in the
European Union. The present paper is part of a special issue on monitoring of saproxylic beetles protected
in Europe and starts with a revision of the current knowledge on systematics, ecology, ethology and conser-
vation of O. eremita and its allied species, followed by experimental tests of different methods for monitor-
ing its populations. Two methods were compared in several localities of central Italy: (1) the widely used
pitfall traps into tree cavities and (2) black cross windows traps baited with a specific pheromone produced
by male beetles. The first method, often used in northern and central Europe, did not give acceptable
results in Italy probably because of the scarcity of veteran trees with large hollows. It could only be used
successfully in areas where: 1) tree hollows were abundant, large enough and with sufficient amounts of
wood mould for planting pitfall traps and 2) the team is composed of several operators in order to ensure
the checking of at least 150 traps every two days during the whole period of mating activities (15 July-25
August). The second method, consisting of hanging 30 black cross window traps during the mating period
and checking them every two days, turned out to be better for capturing a significant number of individu-
als but cannot be used every year because of the possible disturbance on mating activities of the species.
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Introduction

The hermit beetle, Osmoderma eremita (Scopoli, 1763), is a large saproxylic chafer (Co-
leoptera: Scarabacidae: Cetoniinae) associated with hollow veteran trees of the Europe-
an broadleaf woodlands. It is included in Annexes II and IV of the Habitats Directive
(Council Directive 92/43/EEC of 21 May 1992 on the conservation of natural habi-
tats and of wild fauna and flora). The Habitats Directive requires that Member States
prepare, every six years, a report on the conservation status of the species listed in the
Annexes. In order to facilitate the answer to this obligation, the Life Project “Monitor-
ing of insects with public participation” (LIFE11 NAT/IT/000252: hereafter, MIPP)
conducted experimental fieldwork to develop a standardised method for monitoring
the saproxylic beetle species for the project: Osmoderma eremita (hermit beetle, Scara-
baeidae), Lucanus cervus (European stag beetle, Lucanidae), Cerambyx cerdo (great cap-
ricorn beetle, Cerambycidae), Rosalia alpina (rosalia longicorn, Cerambycidae) and
Morimus asper/funereus (morimus longicorn, Cerambycidae) (Mason et al. 2015).

The present paper is part of a special issue on the results for monitoring saproxylic
beetles which are protected in Europe and it is dedicated to Osmoderma eremita. The
paper starts with a significant revision of the current knowledge on systematics, distri-
bution, ecology, ethology and conservation of Osmoderma eremita and allied species,
mostly derived from a subsequent split of the species and hence worthy of the same
protection level. Such a review is followed by the experimental test of methods for
monitoring its populations.

Systematics and distribution

The genus Osmoderma, established in 1828 by Le Peletier de Saint-Fargeau and Audi-
net-Serville, is currently assigned to the superfamily Scarabacoidea, family Scarabaei-
dae (scarab beetles) and subfamily Cetoniinae (fruit or flower chafers). Nevertheless,
in many European scientific papers and databases produced in the second half of the
last century, the subfamily was raised to family rank and Osmoderma was reported as
a genus of the family Cetoniidae. This change in systematic arrangement caused some
confusion in the documents of the Habitats Directive and is explained by the fact that
some specialists, (i.e. authors of the most important works used for identification of
the European scarab beetles (Balthasar 1963, Baraud 1977, 1992, Paulian and Baraud
1982, Martin-Piera and Lépez-Colén 2000, etc.) revised the systematic subdivision,
introduced by Westwood (1839), where these animals were divided into numerous
families. Such extreme splitting classification was overcome by modern integrated
studies of morphological and molecular analysis where the family Scarabaeidae was
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reconsidered in a wider sense (e.g. Lawrence and Newton 1995, Browne and Scholtz
1995, 1998, 1999, Scholtz and Grebennikov 2005, Smith et al. 2006, Ahrens 2006,
Bouchard et al. 2011, Ahrens et al. 2014, McKenna et al. 2015).

Within the subfamily Cetoniinae, traditional taxonomy assigned the genus Os-
moderma to the subtribe Osmodermina (two genera) of the tribe Trichiini, a large
clade of Cetoniinae that includes the widespread genera Trichius, Gnorimus and others
(Howden 1964, Krikken 1978, Smetana 2006, Schoolmeesters 2016). However, a re-
cent molecular study (Sipek etal. 2016a, 2016b) suggested closer affinities between Os-
moderma and other fruit chafers, more than with the above-mentioned genera and thus
concluding that it should be assigned to the tribe Cetoniini. Such great instability at
higher levels of systematic classification is also reflected at both genus and species level,
due to an extensive debate on nomenclature and taxonomy which has been on-going
for many years (cf. Tauzin 1994a, 1994b, 1996, 2000, 2002, 2006, Sparacio 1994,
2000, Massa 1995, Gusakov 2002, Audisio et al. 2007, 2009, Zauli et al. 2016a), with
implications also concerning the conservation priority of Osmoderma populations.
Although the validity of the genus name became controversial when some authors
(Adam 1994, Gusakov 2002) asserted that priority was due to a formerly used epithet,
Gymnodus Kirby 1827, the International Commission on Zoological Nomenclature
decided to adopt the name Osmoderma by a special resolution based on the principle of
prevailing usage and the need for stability (Smith 2004, Krell et al. 2006, Audisio et al.
2007, Barclay 2007, ICZN 2007). The debate at species level involved both taxonomy
and nomenclature of the eastern populations, since Motschulsky (1860) put in doubt
the terra typica of Osmoderma barnabita, a species he had formerly described in 1845.
Thus, from southern European Russia, the terra typica became eastern Siberia, setting
off a series of subsequent taxonomic interpretations. Therefore, the name assigned to
these populations changed over time according to different authors: O. lassallei septen-
trionale Tauzin, 1994, O. coriarius (De Geer, 1774) and then again O. barnabita (cf.
Tauzin 1991, 1994a, 1994b, Gusakov 2002, Audisio et al. 2007, 2009).

At global level, the genus includes at least 12 species throughout the Holarctic Re-
gion (Howden 1964, Gusakov 2002, Smetana 2006, Audisio et al. 2007, Bezborodov
2016, Schoolmeesters 2016). The geographic range of the genus Osmoderma, such
as the range of many deciduous forest-dwelling animals of the northern hemisphere,
is subdivided into three disjunct sectors: northeastern and central United States of
America (3 species according to Howden 1968), Europe with its Near East countries
(4 in Europe, 1 in Anatolia, 1 in Georgia) and Far East Asia (3 species in NE China, S
Siberia, Korea and Japan).

The North American sector includes mainly the potential range of the US eastern
broadleaf deciduous forests and extends southwards up to the 35% parallel, where two
species occur sympatrically: O. eremicola (Knoch, 1801) and O. scabrum (Palisot de
Beauvois, 1805). A third species, O. subplanatum Casey, 1915, unexpectedly lives in
the Great Plains, probably restricted to fragmented woodlands along lake shores and
the river basins of the Mississipi and Missouri. All three of them overrun the southern
border of Canada to a limited extent.
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The three species living in the Asian Far East have recently been revised by Bez-
borodov (2016): O. davidis Fairmaire 1887, from Transbaikalia and NE China to Pri-
morskii Territory and N Korea; O. caeleste (Gusakov 2002) from NE China, Primor-
skii Territory and N Korea; O. opicum Lewis 1887 from Primorskii Territory, N Korea
and Japan. The different ranges of the three species overlap in the temperate broadleaf
and mixed forests of the southern Primorskii Territory, near Vladivostok, where they
live together and where they were also observed in the same tree (Bezborodov 2016).
The range of O. davidis is wider than the other two species and reaches westwards to
the forest-steppe ecotones on the border between Transbaikalia and Mongolia.

In order to address the great confusion in taxonomy and nomenclature of the
European hermit beetles, a DNA-approach of species delimitation was attempted by
Audisio et al. (2007, 2009) and resulted in the consideration of the occurrence of at
least four species in Europe:

Osmoderma eremita (Scopoli, 1763) in most of western Europe;

Osmoderma barnabita Motschulsky, 1845 (sensu Audisio et al. 2007) in most of
eastern Europe;

Osmoderma lassallei Baraud and Tauzin, 1991, endemic to northern Greece and Euro-
pean Turkey;

Osmoderma cristinae Sparacio, 1994, endemic to Sicily.

Genetic distance and parsimony analysis well supported the delimitation of two clus-
ters, each formed by two species: the first cluster is restricted to western Europe (O. erem-
ita and O. cristinae) and the second one to eastern Europe (O. barnabita and O. lassallei)
(Figure 1). The northern trait of the boundary between the two clusters divides Sweden
(O. eremita) and Finland (O. barnabita), while the southern trait, still poorly delimited,
crosses Germany, Austria and Slovenia (where both O. eremita and O. barnabita seem to
occur) (Audisio et al. 2007, 2009, Landvik et al. 2013) (Figure 1). Within O. eremita,
preliminary morphological analyses delimited a putative Italian subspecies, O. eremita
italicum Sparacio, 2000 whose presence was, until the present time, verified for only a
few localities in three regions of southern Italy (Campania, Basilicata and Calabria).

The morphological traits used for delimiting the above mentioned species and sub-
species are poorly marked and subject to a significant variation. They mainly concern
the reliefs on head and pronotum, as well as the shape of male genitalia (Figures 2, 3).
The lack of well-differentiated outlines can generate a high degree of uncertainty when
the populations living in the areas of contact between the ranges of the various taxa
are studied, e.g. in central Europe and in the Balkans, due to intermediate phenotypes
which make difficulties in the assignment of individuals to two neighbouring taxa.

An integrated approach to the Italian populations, based on morphological and
molecular analyses (Zauli et al. 2016a), suggested that both the genetic distance (COI
and AFLP markers) and morphological divergence (particularly the shape of male gen-
italia) support the validation of species rank for O. cristinae, despite the close relation-
ship between this Sicilian endemic taxon and the widespread O. eremitza.
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Figure 1. Distribution map of the genus Osmoderma in Europe (from Audisio et al. 2009, modified)
(prepared by M. Liu).

Additional poorly investigated taxa occur from the Balkan peninsula to the Cau-
casus mountains (apart from O. lassallei and O. barnabita): at least one undescribed
species or semispecies, related to O. lassallei, in southern Greece (P. Audisio, P. Petrakis
and G.M. Carpaneto, unpublished data); the rare O. brevipenne Pic, 1904, described
from the Taurus Mountains, southern Turkey; O. richteri Medvedev, 1953, from Geor-
gia, Caucasus (only two females captured until now).

Morphology and comparison with similar taxa

The genus Osmoderma includes the largest fruit chafers (Cetoniinae) of the European
fauna (body length up to 36mm, head included; greatest width of elytra up to 19mm).
The head is small in comparison with the body, with a clypeus broader than long. An-
tenna is 10-segmented with a small terminal club formed by three short lamellae. The
body is wide, suboval and more or less flattened dorsally. The prothorax is significantly
narrower than the bases of the elytra, more or less convex, with lateral sides rounded or
sharp-cornered just before the middle. The legs are strong, with moderately long tibiae
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B

Figure 2. Habitus of Osmoderma in dorsal view. A O. eremita male B O. eremita female C O. cristinae
male D O. cristinae female (photographs by A. Ballerio and M. Uliana, from Ballerio et al. 2010).

and short tarsi. Fore tibiae have three distinct teeth on their external side. The wings
are well developed in both sexes. Colour is black to piceus or chestnut, often shiny with
cupreous or green metallic lustre.

In the European species, males have a clypeus concave, more or less reflexed at
apex, a slightly convex clypeo-frontal transition area and two lateral elevations above
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Figure 3. Lateral side of parameres, in O. eremita (A) and O. barnabita (B). The arrows indicate the
lack or the presence of concavity under the protuberance (From Liichte and Klausnitzer 1998, modified).

the antennal insertion that look like two horns. Females have a clypeus flat and not
reflexed at apex, a tumid clypeo-frontal transition area and lack elevations at sides.
Head surface is punctured in males and rugose in females. The pronotum of males
has distinct basal angles, with lateral sides obtuse-cornered just before the middle; it is
about one-third wider than long, strongly convex, with two distinct longitudinal cari-
nae, parallel and separated by a more or less deep groove. The pronotum of females has
basal angles rounded and an overall rounded outline, it is less convex than males and
shows only vestigial ridges, almost vanished or reduced to two tubercles. Pygidium is
large and strongly convex in males, smaller and slightly convex in female.

As already mentioned in the previous paragraph, the morphological traits used
for delimiting the European species and subspecies are poorly marked and subject to
significant variations. The morphological identification of Osmoderma is a task for spe-
cialists who have examined many specimens from different locations (in museums or
other collections) and progressively acquired a deep knowledge of the intraspecific vari-
ation within single populations and throughout the geographic range of the species.
Another problem is that the specimens occurring in many collections and museums
cannot be used as a tool for making comparisons as they have often been improperly
identified, owing to the extensive taxonomic confusion in the past decades. Luckily,
the European species have different ranges and, in most cases, the populations can be
simply assigned to a species by the locality. The problem arises when a locality is situ-
ated in the overlapping area between the ranges of two parapatric species, as in the case
of O. eremita and O. barnabita in central Europe and the Balkans, where the possibility
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cannot be ruled out that they mated with each other. The less variable trait for separa-
tion of these two species is perhaps the shape of the parameres of the male genital organ
(Krell 1997, Liichte and Klausnitzer 1998, Sparacio 2000, Zauli et al. 2016a) accord-
ing to the following key (see also Figure 3):

1. Parameres, on lateral side, show a strong upward protuberance like a trian-
gular bump rounded at apex, followed by an almost straight or very slightly
convex slope continuing up to their base. .........cccooviiiiiinins O. eremita

2. Parameres, on lateral side, show a very strong upward protuberance like a
square bump rectangular at apex, followed by a strong concavity and then a
straight slope continuing up to their base. ........cccccccevvvreecnnne. O. barnabita

The male genitalia also allow the separation of O. eremita and O. barnabita from
O. cristinae, as the latter does not show a real upward extension on parameres but only
a moderate swelling followed by a straight or very slightly convex slope continuing up
to the base (Figure 4). However, genitalia shape cannot be used for monitoring popu-
lations because it requires dead specimens. In these cases, identification must rely on
molecular analyses (e.g. mtDNA cytochrome C oxidase I, extracted from the femoral
or tarsus muscle from a living individual) (Audisio et al. 2009).

All morphological characters used to separate the European species of Osmoderma
are quantitative and change between them without a sharp difference; furthermore,
they are subjected to significant variation and cannot give certainty in identification.
The sexual differences in the O. barnabita/lassallei-group are less prominent than in the
O. eremita/cristinae-group.

Non-expert operators engaged in searching the remains of Osmoderma in wood
mould inside tree cavities, may find it hard to distinguish them from those of Grori-
mus variabilis (Linnaeus, 1758). However, the remains of the latter are clearly smaller
and slender, with proportionately longer and fine tarsi and middle tibiae are strongly
recurved in males. Moreover, the outer side of the fore tibiae have two well developed
teeth (instead of three teeth in Osmoderma), while the scutellum is shorter and half-
circle shaped (instead of the almost isosceles triangle-shaped scutellum of Osmoderma).
Elytra of G. variabilis can have whitish spots on the dorsal surface.

The eggs of Osmoderma are globe-like and white, with a diameter of 4-5mm. Lar-
vae are classified in the scarabaeiform type and usually named ‘white grubs’ or ‘curl
grubs’ by applied entomologists. They are characterised by a stout and downward pro-
jecting (hypognathous) head and a large fat, white or blueish, C-shaped body (Hayes
1929, Boving and Craighead 1931, van Emden 1941, Ritcher 1966). In particular, the
shape of hermit beetle larvae is very similar to that of other Cetoniinae, with whom
they share the following characters: head small; labrum symmetrical; mandible with a
ventral, oval, stridulatory area consisting of transverse ridges; maxilla with lacinia and
galea fused and stridulatory teeth anteriorly directed; ninth and tenth abdominal seg-
ment fused together (Hayes 1929, Ritcher 1966, Shabalin and Bezborodov 2009). The
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Figure 4. Lateral side of parameres, in O. eremita (A=C) and O. cristinae (D—F), showing intraspecific
variation and difference on the parameres between the two species (photo by Federico Romiti).

head of the hermit beetle larvae is a red-orange capsule, with rugose punctures in the
frons, a trilobed labrum and a pair of black and strong asymmetric mandibles. Legs
are yellow-brownish and relatively short, each one ending with a wide-based, shortly
subconical and blunted claw. The bristled ventral side (hereafter: ‘raster’, according
to Boving and Craighead 1931) of the last abdominal segment lacks the longitudinal
double row of spinules (hereafter: ‘palidia’, according to Ritcher 1966), which usually
occur in Cetoniinae larvae (Korschefsky 1940) (Figure 5).

Larval characters are only used for the identification of wholly developed larvae
(mainly belonging to the third stage, i.e. the last phase of their life cycle). A good com-
bination of characters for separating hermit beetle larvae from those of all other Euro-
pean Cetoniinae is the following: 1) the absence of palidia across the raster, 2) the short,
blunted and subconical terminal claw of tarsus and 3) the body size between 65 and
75mm, considering that the large larvae of Protaetia speciosissima are never longer than
65mm (Korschefsky 1940). In fact, almost all European saproxylophagous fruit chaf-
ers which live in dead wood (i.e. Cetonia, Protaetia and Gnorimus) have distinct palidia
and legs which end without a claw or with a normally elongate and slender claw (never
thick, subconical and blunted) (Figure 6). Amongst the fruit chafer larvae occurring in
the same habitat, only those of the genus Zrichius lack palidia but are easily recognisable
from Osmoderma because of their small body size (up to 40mm long when mature),
the normally elongate claw, the labrum rounded (instead of trilobed) and the last two
abdominal segments well separated (instead of fused) (Shabalin and Bezborodov 2009).

The following key, mainly valid for third instar larvae was constructed by one of
us (G. Carpaneto) and was based on information drawn from several authors (Hayes
1929, Boving and Craighead 1931, Korschefsky1940, Ritcher 1966, Klausnitzer and
Krell 1997, Mico and Galante 2003a, 2003b, and Shabalin and Bezborodov 2009) as
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well as unpublished data. It may be useful for recognising larvae of hermit beetles from
all other European Cetoniinae, with the aid of a pocket hand-held magnifier:

1. Tarsi ending with a claw (long or short, sharpened or blunted) ................... 2
- Tarsi rounded apically, without claws.........ccoeciviiiiiciniiiicce 4
2. Tarsal claws slender, more or less sharpened and recurvate. Ninth and tenth

abdominal terga separated in two single dorsal units. Raster with or without
palidia. Anterior margin of labrum not distinctly trilobed, almost straight or
slightly emarginate in the middle. Larvae in dead wood, up to 60mm ........ 3
- Tarsal claws neither sharpened nor recurvate, but like a black, short and thick
conus with a large base and a blunted apex. Ninth and tenth abdominal terga
fused into a single dorsal unit. Raster without palidia. Anterior margin of
labrum distinctly trilobed. Larvae in dead wood, up to 75mm long..............
................................................................................................. Osmoderma
3. Raster with two distinct palidia forming an oval Figure. Larvae in dead wood,
up to 50 or 60mm long, according to the species.........ccccccvrununnenes Gnorimus
Raster without palidia. Last abdominal segment normally shaped. Larvae in
dead wood, up t0 40mm long........ccccoovvviiiiiiiiiiiie, Trichius
Raster without palidia. Last abdominal segment ends with a pair of rounded
areas delimited by a slight wrinkle. Larvae in dead wood, up to 25mm.........
........................................................................................................... Valgus
4. Larvae small (up to 25mm), amongst the roots of herbaceous plants.............
............................................................................ Oxythyrea and Tropinota

- Larvae large (25-65mm), amongst plant roots, humus and dead wood, ac-

COTdING tO SPECIES....cvviiiiiiiiiiiiciiic s 5
5. Raster with two well distinct palidia, each formed by18-28 spinules (mostly
22-24). Larvae up to 45mm long........ccceciviiiiiiiiiiiiiniiiie, Cetonia

- Raster with two well distinct palidia, usually formed by less than 22 spinules
(usually 14-20, exceptionally up to 26 in the rare P fieberi). Larvae, up to
65mm oNg....viiiiiiiiii Protaetia and Aethiessa

Non-expert operators may have difficulty in recognising the larvae of hermit bee-
tles from those of the other two large and widespread scarab beetles occurring in dead-
wood i.e.Oryctes (Scarabaeidae Dynastinae) and Lucanus (Lucanidae Lucaninae). Apart
from microscopy characters involving antennae and mouth parts, often very hard to
detect during the fieldwork, the larva of Oryctes is easily distinguished because its last
abdominal segment is divided into two halves by a transverse narrowing, so that, in
dorsal view, the abdomen seems to be formed by ten clearly observed segments. On the
other hand, the larva of Lucanus is immediately recognisable by the abdominal terga
not plicate, the longitudinal anal slit (instead of the transverse anal slit of Osmoderma
and other Cetoniinae), the large but much narrower and elongate abdominal spiracles
(see Bardiani et al. 2017) and the stridulating organs consisting of a series of teeth on
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Figure 5. Larva of Osmoderma eremira. A Habitus and B Raster (ventral spiny area of the last abdominal
segment). Note the lack of the palidia (the two longitudinal series of spinules occurring in the raster of
most fruit chafers) and the end of the legs provided with a short and stout claw (see text for detailed expla-
nation). (A photo by Sonia Dourlot, from Dubois 2009 B photo by Benjamin Calmont).

Figure 6. Shape of the terminal claw in European fruits chafer larvae. A leg of Osmoderma eremita B last
two segments and claw of O. eremita C idem of Gnorimus variabilis D idem in Trichius fasciatus E last
three segments in Cetonia aurata F last three segments in Protaetia cuprea (outlined by Federico Romiti).

second and third pairs of legs (instead of being present on the ventral side of mandibles
and dorsal side of maxillae as in Cetoniinae).
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Life cycle, food and chemical ecology

The freshly laid egg of Osmoderma is globe-like and opaque white but, after 2-3 weeks,
it becomes yellowish and doubles its size, reaching a diameter of 4-5mm. Each female
lays 20-80 eggs deeply in a tree cavity, between the inner wall and the wood mould,
protected by a flexible coating of wood pulp and a variable number of larvae (from
12 to 18) hatch after 14-20 days. The newly hatched larvae measure just 6mm but
they grow quickly, feeding on decaying wood and its mixture of rot-causing fungi.
Larvae go through three different instars (L1, L2 and L3) across a developing time of
2-4 years and overwinter at their first or second instar, depending on the oviposition
date and local microclimatic conditions (Tauzin 1994, Luce 1996, Schaffrath 2003a,
Ranius et al. 2005). Laboratory and field studies conducted in Poland by Pawlowski
(1961) showed that feeding activity of the larvae took place when the average daily
temperature exceeded 13°C and they developed after three or four years. On the whole,
the larvae were active only 30 weeks per year. Therefore, hibernation and developing
time are directly affected by the temperature of the microhabitat in either tree hollows
or vivarium. Similar field and laboratory observations over 3-4 years of development
were made in other countries, such as Russia, Germany and Latvia (Nikitsky et al.
1996, Schaffrath 2003a, D. Telnov, in Ranius et al. 2005), while a shorter life cycle
was reported for specimens kept indoors under favourable conditions without spend-
ing periods of feeding inactivity (M. Uliana, pers. comm. 2016). According to Dubois
(2009), intra-clutch variation occurs in the development time of O. eremita: larvae
hatched from the clutch of one female were bred in the same conditions and finished
their development after two years (two males) and three years (10 males and one fe-
male) respectively. Such variation could be genetically based and may have a role in
minimising inbreeding by avoiding mating between siblings.

At the end of the second or third summer, usually in September, when the third
instar larva has reached its full development (75mm long), it builds an oval-shaped
cocoon by clumping fine wood debris with its salivary and faecal secretions. Within
this protecting case, the larva spends its last winter and then transforms into a pupa in
the spring (normally in May) and into an adult (June) (Tauzin 1994). The emergence
of the adults occurs in July and in early August, when many individuals show a shiny
integument suggesting they had just emerged from the cocoon.

Tauzin (1994b, 2005), who reared O. eremita in the laboratory, observed that, in
the case of mating, the lifespan of males was very short (10-20 days), while females
lived for more than 90 days. Nevertheless, some males fed in captivity reached life-
times of 90 days (Schaffrath 2003a) and a field study conducted on a Swedish popula-
tion suggested males and females have the same life—time, with a maximum of about
one month (Ranius 2001). Although hermit beetles seem unable to survive in natural
habitats after the arrival of autumn, a hibernating adult female has once been found
in January in the forest of Fontainebleau, France (Tauzin 1994b). The last observa-
tion seems to suggest that, under favourable conditions, females may have a longer
lifespan and take advantage of the opportunity for increasing their breeding success,
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as evidenced by field research on other beetles, e.g. the longhorn beetle Morimus asper
(Rossi de Gasperis et al. 2016).

The seasonal activity of the adults is correlated with climatic factors, such as al-
titude, latitude and habitat type. In Sweden, the adults are active from July to Sep-
tember, while in central and southern Europe, there have been several observations
in May-June and even a few at the end of April (Stegner 2002, Schaffrath 2003a,
Ranius et al. 2005, Vignon 2014). In France, the adults are active from the end of
June to the end of August, with an emergence peak between 10 and 15 July (Vignon
2014). In Italy, the activity period is mostly from early June to mid-August with peaks
in July (Carpaneto et al. 2010, Chiari et al. 2012, 2013a, 2013b, Giangregorio et al.
2015). In Valtellina (Lombardia, N Italy, Sondrio province), an emergence peak and
an activity period, almost identical to those above reported for France (Vignon 2014),
were observed during several years, with peaks of activity in the second half of July (P.
Audisio, unpublished data). It may be concluded that, on the whole range of the spe-
cies, phenology is from the end of April to September, but local variations occur due
to different regimes of temperature and rainfall. However, most records were usually
made from early July to early August.

One or two days after their emergence, the males of the genus Osmoderma start to
emit a strong odour which can be perceived by humans at a distance of several metres,
reported by French entomologists of the 19" century as “cuir de Russie”, namely Rus-
sian leather (Latreille et al. 1825). This odour is a male-produced sexual pheromone
which attracts females and induces them to gather into the tree hollow occupied by a
male. Chemical analysis identified this compound as (R)-(+)-y-decalactone (Larsson
et al. 2003, Svensson et al. 2003, 2004, Zauli et al. 2014). Ecological investigations
showed that this chemical is also an attractant for females of the rusty red click beetle,
Elater ferrugineus Linnaeus, 1758, a large click-beetle whose larvae live in hollow trees
and feed on the immature stages of other saproxylic insects, mostly those of fruit chaf-
ers, with a special preference for hermit beetles. Therefore, click-beetle females use the
sexual pheromone of the hermit beetle males as a kairomone in order to lay eggs in suit-
able tree cavities, already inhabited by the favourite prey for their offspring (Svensson et
al. 2004, Larsson and Svensson 2009, 2011, Zauli et al. 2014, 2016¢). Field trials, scent
collection and biochemical analysis on O. barnabita and O. cristinae, showed that these
species use exactly the same sex pheromone compound as O. eremita, demonstrating a
strong conservation of this sexual trait within the genus throughout Europe (Landvik et
al. 2015, Zauli et al. 2016a). Besides, as suggested by Svensson et al. (2009), the male-
produced pheromone in Osmoderma beetles may function as a territorial signal instead
of a classical sex pheromone used for species discrimination and the selection pressure
to change the signal may be weak or absent. From a conservation perspective, the use
of (R)-(+)-y-decalactone by allied species facilitates large-scale monitoring of the hermit
beetles in Europe since it can be performed with the same target compound.

Many authors have indicated this scent to be similar to fermented fruit (peaches,
plums or apricots) on which the adults were reported to feed. The French vernacular
name “pique-prune” (= who picks the plum) (Vignon 2006) and the German one
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“Aprikosenkifer” (Ranius et al. 2005) are surely related to this odour and/or to the
popular knowledge that this species likes to feed on plums, apricots and other fruit
of the rose family. However, the feeding activity of adult hermit beetles in nature has
been rarely observed by entomologists. Ranius et al. (2005) revised the scarce infor-
mation occurring in literature and gathered some unpublished data on this subject.
Literature data reported some findings of the species on sap flows of broadleaf trees in
Germany, Poland, Estonia and Russia, as well as a few observations in the laboratory
where some specimens were fed with apples and bananas (Schaffrath 2003b). Unpub-
lished data gathered by Ranius et al. (2005) included field observations on flowers of
Leucanthemum sp. and Viburnum sp.in Croatia, on flowers of Sambucus nigra in Spain,
on unidentified umbelliferous plants in Germany and on ripe yellow plums (Prunus
sp.) in Poland. Another field observation was reported for central Italy by Chiari et al.
(2013b) and concerned a radio-telemetered female that flew out of a cork oak forest
and covered a distance of almost 1500m before landing in an olive grove and staying
at least one hour from 1300h to 1400h, to eat an overripe apricot (Prunus armeniaca)
which had fallen on the main tree fork. After all, the popular French name “pique-
prune” and the similarity in the odour of plums and pheromones cannot be entirely
due to chance: the link between this species and Prunus fruits should be thoroughly
investigated, even to evaluate the needs of the species for its survival in protected areas.

Habitat requirements and use of space

The primary habitat of hermit beetles consisted of broadleaf old-growth forests with
an abundance of hollow trees and dead wood. In particular, the species seems to prefer
areas where the canopy is not dense because of the age of the plants and the occurrence
of open space left by the fall of veteran trees. In fact, according to many literature data
and the authors’ long personal experience, hermit beetles are saproxylophagous species
whose larvae meet their habitat and food requirements in tree cavities rich in wood
mould. Nevertheless, as it is more than a strictly forest dwelling species, the hermit
beetle seems to be an ecotonal species of the forest edge and clearings which can be
found in any context where there are old hollow trees, not only in mature forests but
also in the agricultural and urban landscapes. In contrast to logs and snags, live hollow
trees provide long-lasting resources (Ranius and Nilsson 1997) and a specific abiotic
environment characterised by stable temperature, suitable moisture conditions and
increased pH values (Miiller et al. 2014). Owing to the alteration of natural forests by
commercial management and the consequent rarity of hollow trees, the hermit beetles
disappeared in many apparently suitable broadleaf forests but survived in artificial hab-
itats, such urban parks, wooded grasslands, old orchards and tree rows along channels
or country roads, even if embedded in unsuitable cultivated environments (Vignon et
al. 2004, Baratelli 2004, Dutto 2005, Ranius et al. 2005, Oleksa 2007, Carpaneto et
al. 2010, Giangregorio et al. 2015). Many populations of hermit beetles in France live
in chestnut orchards and in the hedgerow network, where the number of old trees is



Guidelines for the monitoring of Osmoderma eremita and closely related species 93

higher than in forests due to local management practices (Vignon and Orabi 2003, Vi-
gnon et al. 2004, Vignon 2006, 2008, 2015). These artificial environments represent
‘habitats of substitution’ for O. eremita in France and are considered very important for
its survival in areas where old-growth forests are extremely reduced or absent.

The altitudinal range of the hermit beetle varies from sea level (evergreen forest
dominated by holm oak, Quercus ilex or cork oak, Q. suber) up to almost 1400m
(mountain forests of beech tree, Fagus sylvatica), through all intermediate altitudinal
belts (covered by mixed deciduous forests and woodlands of Quercus spp., Acer spp.,
Fraxinus spp., Tilia spp., Ulmus spp., Carpinus spp., Salix spp., Populus spp., Betula
spp., Alnus spp., Castanea sativa etc.) (Ranius et al. 2005). However, an adult male
of Osmoderma eremita ssp. italicum was recently collected in southern Italy (Mount
Pollino Massif, Calabria) at 2000m in a hollow beech (A. Mazzei, pers. comm. 2016).
Larvae can live in dead wood of both deciduous trees (oak, beech, maple, ash, lime,
elm, hornbeam, willow, poplar, birch, alder, chestnut, apple, pear, plum, mulberry)
and evergreen trees (holm and cork oak) and no clear preference was demonstrated for
each of these species according to most observers (Schaffrath 2003a, 2003b, Tauzin
2005, Ranius et al. 2005, Chiari et al. 2014). Some scattered notes exist on the local
association of hermit beetles with coniferous trees (7axus, Pinus and Abies) but such
information needs to be verified.

Hermit beetle larvae usually occur in hollow but still living, standing trees but they
have also been found in dead standing trees as long as the dead wood is able to retain
a suitable degree of moisture (Rainus et al. 2005). More rarely, the species has been
observed in felled tree trunks or in stubs but it mainly occurs after a recent cut. The
age of habitat trees suitable for hermit beetles depends on the features of wood. Fast-
growing species such as poplars (Populus spp.) and willows (Salix spp.) may harbour
hermit beetles when they are only a few decades old (Schaffrath 2003a), while fruit
trees are usually 80-100 years old (Stegner 2002). According to Ranius et al. (2005),
slow-growing trees like oaks are 150-400 years old in Sweden, while the pollarded trees
of the same species in France are only 70-120 years (Vignon and Orabi 2003). Usu-
ally, if suitable hollow trees are abundant and rich in dead wood, the local populations
of hermit beetles may consist of a high number of individuals, even where the forest
surface is reduced.

Despite widespread opinion supporting the extreme polyphagy of hermit beetles,
detailed studies by larval sampling in wood mould showed that these insects have pre-
ferred tree species at the local level. The northern-most populations of Osmoderma (O.
eremita in Sweden and O. barnabita in Finland) exploit mainly the huge trees of pe-
dunculated oaks (Quercus robur) which form small stands in the agricultural landscape
(Ranius et al. 2005, Landvik et al. 2015). Across a total of 192 hollow trees examined
by Landvik et al. (2015) in Finland, they found signs of O. barnabita in a total of 62
trees (i.e. in 32% of the trees examined): 67% of Q. robur, 21% of Tilia spp. and 6% of
Alnus glutinosa. In addition to these core tree species, Acer platanoides, Sorbus aucuparia
and Populus nigra also figured in the list of host plants with only one record. In Poland,
the distribution of species (probably O. barnabita) was not random with respect to tree
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species (Oleksa 2007). Contrary to common belief, the hermit beetles of Poland did
not prefer oaks, avoided Acer platanoides and Carpinus betulus and preferred Tilia cor-
data and Alnus glutinosa. Furthermore, they showed a significant predilection for trees
of about 450cm in circumference at 1.3m height and did not show any dependence on
the hollow entrance area and exposition (Oleksa 2007). A habitat study in central Italy
(Chiari et al. 2012), conducted by wood mould sampling in 151 hollow trees belong-
ing to eight broadleaf species, revealed that O. eremita was present in 22% of the trees,
all belonging to four species, Ostrya carpinifolia (60%), Quercus suber (25%), Acer
obtusatum (6.6%) and Quercus pubescens (1%). The number of larvae and remains was
higher in cavities with more than 4 litres of wood debris, where the wood mould was
relatively dry and had low soil contamination. Successful colonisation and breeding of
the hermit beetle was obtained in an artificial habitat i.e. wooden boxes filled with oak
leaves and sawdust, placed in natural conditions in Sweden and Poland (Jansson et al.
2009, Hilszczanski et al. 2014, Carlsson et al. 2016).

Despite being able to fly, hermit beetles show a low dispersion distance. In Swe-
den, O. eremita showed a limited dispersal rate and mean dispersal distances of less
than 200m, with only 15% of the adults leaving their natal hollow tree (Ranius and
Hedin 2001, Hedin and Ranius 2002, Ranius 2006, Hedin et al. 2008, Svensson et al.
2011). In France, Dubois and Vignon (2008) reported for one individual of O. eremira
a total dispersal of 700m. The dispersal patterns of O. eremita were studied in a cork
oak (Quercus suber) woodland in central Italy, the southernmost part of its distribution
range which was characterised by a hot and dry Mediterranean climate (Chiari et al.
2013b). The dispersal activity of 39 individuals (16 males, 23 females) was followed
by a 2-year radio-telemetric approach and the results showed that hermit beetles spent
their lifetime not only inside hollow trees but also in other habitats, such as under the
ground surface. The beetles were more active at the beginning of the season but 81%
of males and 69% of females continued to disperse during their lifetime. The disper-
sal distance over their lifetime did not differ between sexes and the longest dispersal
was performed by a female that travelled 1,504m, while 39% per cent of dispersing
individuals reached distances further than 250m. Both the dispersal rate and range are
higher than that which has been found in northern and central Europe. The popula-
tion size per tree is low, most of the adults leaving their natal tree and a high predation
rate (at least 28%) was observed (Chiari et al. 2013b).

Tethered flight experiments were conducted in the laboratory by Dubois et al.
(2010) where a flight mill was used to measure the flying activity for each individual.
These experiments revealed a maximum single flight distance of 1,454m and a maxi-
mum total flight distance of 2,361m, also demonstrating a higher flight capacity in
females than males. Investigations on the factors that may affect flying activity, e.g.
temperature, humidity or feeding on fresh fruit as sources of energy such as plums
(which are rare or absent in forest ecosystems), should be carried out for assessing the
potential flight capacity of the species.

As the daily activity of hermit beetles varies according to light, temperature and
humidity, they have been recorded as active both day and night by different studies. In
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Sweden, during a long term research project, the adults were only found active at day-
time, with flying individuals mainly seen in the early afternoon on warm, sunny days
(Ranius 2005); on the contrary, in central-southern European countries (Germany
and France), they have been observed to be active at dawn (Stegner 2002, Schaffrath
2003a). In central Italy, a telemetric study showed that hermit beetles are active both
day and night, over a span of 24 hours (Chiari et al. 2013b). In Valtellina (north Italy,
ca 500m asl) the patrolling activity of males outside the hollows was mostly observed
from 1400h to 1900h and flying specimens (both males and females) were also ob-
served in the early afternoon of July and August in warm, sunny days, as in Sweden (P
Audisio, unpublished data). All these phenological data seem to suggest that the daily
activity can shift towards the hours when the beetles find the most favourable climatic
conditions, e.g. preferring the day-time in cool and humid areas but night-time in
warm and dry ones.

Threats and conservation measures

Hermit beetles represent one of the most important “flagship” species and “umbrella”
species for the protection of the local saproxylic communities (Ranius 2002a, 2002b,
2002c, Audisio et al. 2003, Carpaneto et al. 2015). In 1992, O. eremita was listed as a
priority species in Annex II and IV of the EU’s Habitats Directive (Luce 1996, 2001,
Galante and Verd 2000, Audisio et al. 2003, Ranius et al. 2005), when the systematic
knowledge of the group was still very poor. Until the present time, the only Osmo-
derma species formally protected by the Habitats Directive is O. eremita, even though
the need for conservation of all related taxa derived from its splitting was expressed by
several authors and is provided by the Directive itself (Audisio et al. 2008, 2009, 2014,
Carpaneto et al. 2015).

The conservation status and threats of the European hermit beetle species have
been assessed for the [IUCN Red List: O. eremita (Nieto et al. 2010), O. cristinae (Nardi
and Micé 2010), O. barnabita (Alexander et al. 2010). An overview of the opinions,
expressed by several authors, has led to the recognition of the following threats, listed
in order of importance:

1. Decreasing number of hollow veteran trees (habitat trees) in forest ecosystems
due to commercial management which was not suitable for the conservation
of biological diversity;

2. Fragmentation of old-growth forests and lack of connection amongst the habi-
tat trees;

3. Felling of chestnut orchards or their transformation to coppices;

4. Transformation or felling of ancient orchards with old fruit trees of the rose
family (especially Prunus);

5. Abandonment of pollarding practices on willows, poplars, mulberry trees and
other species across the rural landscape;
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6. Removal of dead wood and old trees from forests or hedgerows for civic use
such as domestic fuel;

7. Increasing use of old trees and dead wood in general as biomass for industrial
fuel production;

8. 'The lack of entomologists involved in risk management assessment of danger-
ous old trees in urban parks and country roads for ensuring both human safety
and biodiversity conservation;

9. Risk of pheromone use by insect dealers for international trade of rare species.

The long-term research conducted in Sweden, where hermit beetles live aggregated
into large hollow oaks within small tree stands, concluded that there is a considerable
extinction risk for many populations as they mainly rely on only one or a few trees
with large amounts of wood mould and 10% of the hollow trees harbour two thirds of
the individuals (Ranius 2007, Ranius et al. 2009). According to Vignon (2015), many
chestnut groves in France have not been renewed since the late 19* century and the
habitat transformation from chestnut orchards to coppices represents the following
serious threats for hermit beetles: (1) loss of a suitable habitat, (2) barriers for dispersal
because the species is not able to fly in dense coppices and (3) colder climatic condi-
tions for a species whose development is favoured by the sun heating the trees. Accord-
ing to Dubois and Vignon (2015), hermit beetles are damaged by dense woodlands,
mainly coppices, as they are unable to avoid twigs and fall to the ground thereby risk-
ing reproductive failure. Indeed, remarkable aggregations of hermit beetles have been
observed in French orchards, especially on apple trees and in open parts of the agricul-
tural landscape where they preferred pollarded oaks of hedgerows (Dubois et al. 2009).
According to Oleksa et al. (2007), hermit beetles do not require old-growth forests to
survive whereas, on the contrary, they seem to avoid forests with a dense canopy. Open
woodlands or densely wooded pastures with old hollow trees, seem to be the optimum
habitat type for these beetles, provided that renewal of trees is ensured over the years
to balance veteran tree death. As a matter of fact, hermit beetles occupy anthropogenic
habitats whenever suitable trees are present. These facts and other findings suggest that
hollow veteran trees in ecotones as forest edge, along country roads or channels might
play a crucial role in the preservation of this species, while changes in traditional struc-
tures of agricultural landscapes (e.g. the cutting down of old hedgerow trees) could
result in a rapid extinction of the species at the local level. Further studies are needed to
investigate the occurrence of hermit beetles in different types of habitats to judge how
far the species is connected with anthropogenic habitats or whether such environments
play only a secondary role. The protection of hermit beetles requires the preservation
of sites with a network of suitable trees in space and time where natural forests and
rural habitats occur together and any preservation strategy must plan the balancing of
long-term processes for cavity creation and disappearance in order that suitable cavities
are always present. Tree management for saproxylic conservation should bear in mind
that the creation of a new cavity can take several tens to hundreds of years in trees
with harder wood, such as oak or beech, but this process is very much faster in softer
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wood, such as that of limes, alders, poplars or willows. Only a few oaks and beeches,
younger than 150 years, develop large hollows suitable for hermit beetles (Nilsson et
al. 2001) while limes of only 70 years have been observed to possess cavities occupied
by these beetles (Oleksa et al. 2007). The low dispersal ability of hermit beetles and
their preference for open woodlands seem to be the major causes for the sensitivity of
these animals to tree management and vulnerability to habitat alteration (Ranius and
Hedin 2001, Dubois 2009, Dubois et al. 2009). Artificial cavities, i.e. boxes full of
wood mould, can be a useful strategy for filling gaps in time and space and making a
fragmented landscape more suitable for O. eremita (Jansson et al. 2009).

Review of monitoring experience in European countries

Until the present time, several methods have been used to study and monitor the O.
eremita populations, mainly based on: (1) searching or capturing the adults by either
pitfall and pheromone traps or visual survey and (2) wood mould sampling, searching
for the remains of adults and frass or larvae in hollow trees. These methods are how-
ever often used in combination to achieve a greater sampling efficacy. In the following
paragraphs, an overview is presented of the monitoring methods used for the different
European countries on the genus Osmoderma.

Sweden
In this country, the standard method for the monitoring of O. eremita populations
was developed by using traditional methods, like pitfall trapping and/or wood mould
sampling (Ranius and Nilsson 1997, Ranius 2000, 2001, Ranius and Jansson 2002),
as well as more innovative pheromone-based approaches (Larsson et al. 2003, Svensson
et al. 2003, Larsson and Svensson 2009).

Ranius and Nilsson (1997) tested wood mould sampling on 135 trees for three
years. Every year, the sampling was undertaken in September. From each hollow, tree
samples of wood mould between 2-8 litres were extracted and carefully examined for
larvae, fragments and frass. In order to obtain information on population size, Ranius
(2000) suggested the use of the pitfall traps inside hollow trees, with the entrance hole
wide enough, < 5m from the ground and the wood mould surface not too far from
the entrance hole. The traps were empty jars with a top diameter of 7cm, positioned
with the openings at a level with the wood mould surface. The traps needed to be
checked every day or every two days and hermit beetles searched for in the hollows and
on trunks in order to increase the probability of detecting the species (Ranius 2000,
2001). Each beetle was marked on the elytra with an insect needle in a drill. The opti-
mum monitoring period was from the 2nd or 3rd week of July until the end of August
(Ranius 2001). Furthermore, Ranius (2000) and Ranius and Jansson (2002) suggested
carrying out the wood mould sampling before the survey with pitfall traps in order
to set the traps in tree hollows where fragments have been found. The occurrence of
fragments is an accurate indicator of the presence of the species, since there is a strong
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correlation between occurrence of fragments and of living adults and frass from larvae
in hollow oaks (Ranius and Nilsson 1997). However, the above- mentioned methods
were considered labour intensive and time consuming (Svensson et al. 2012) and can
be applied only for trees with certain characteristics.

The identification of the peach-like, fruity odour of the hermit beetles as (R)-(+)-y-
decalactone and the identification of its function as a sex pheromone released by males
to attract females, allowed the development of different methods useful for monitoring
the species. Svensson et al. (2003) used the air sampling method. The air was sam-
pled from the cavity by using Micro Diaphram Gas Sampling Pumps connected to a
charcoal filter and extracts analysed using gas chromatography and mass spectrometry.
However, this method is limited in that females cannot be detected and the mainly
problematic aspect is the need for costly equipment (Svensson et al. 2003). The air
sampling method can however be a useful complement to other methods when trying
to detect as many trees housing this beetle as possible.

Svensson and Larsson (2008) for the first time tested the “custom built trap”, also
called the pheromone trap, baited with the pheromone of the species. They positioned
12-20 replicates of traps for three years. The traps were suspended from tree branches at
2-4m height and at least 10m apart. The traps would be checked every second day. They
suggested undertaking the monitoring from the end of June until the end of August
(Svensson and Larsson 2008). Pheromone traps outside trees and pitfall traps inside tree
hollows, facilitate the mark-recapture of beetles (Larsson and Svensson 2009, Svensson
etal. 2011) and the estimation of both population size and dispersal rate of the species
(Ranius 2001, Ranius and Hedin 2001, Hedin et al. 2008, Svensson et al. 2011).

Furthermore, in 2016, a national monitoring programme was carried out in 73
sites, from 19 July until 1 August using 198 pheromone traps and 114 pitfall traps.
The traps were checked every three days. During the sampling, 56 hermit beetles from
43 pheromone traps and 29 beetles from 12 pitfall traps were detected respectively (N.
Janssons, pers. com.).

Finland
In 2012, in order to achieve a comprehensive assessment of the national distribution of
O. barnabita, a pheromone-based plan was designed and implemented by volunteers
in several urban parks and in all major oak woodlands in Finland (Landvik et al. 2015).
The volunteers were amateur and professional entomologists, contacted by advertise-
ment; the protocol and the sampling set (trap, bait etc.) were supplied by the project.
The sampling was carried out from 2012 until 2014 in 52 sites, during the flight activ-
ity of the species from mid July to mid August, using 2-4 traps per site. Despite the
massive sampling effort of more than 3,500 trap-days, O. barnabita was only detected
in the Ruissalo Island (SW Finland). The presence of O. barnabita at the level of host
trees was evaluated by a standardised method: the site was divided into squares of 250
x 250m and, in each square, the hollow trees were detected and analysed by sieving
the wood mould from any remains of adults, frass and larvae of the species (Landvik et
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al. 2015). Signs of hermit beetles were detected in 62 trees out of 192 total examined
(32%) and the most preferred host was pedunculate oak (Quercus robur), with addi-
tional occurrences in lime (77/ia) and alder (Alnus). Large trees were more frequently
occupied than smaller ones, with an incidence of 90% on the largest oaks.

Norway

During the last 100 years, live specimens of the O. eremita had not been found
in Norway and the species was presumed regionally extinct (category “Extinct?”)
(Ranius et al. 2005 and reference therein, Kalas et al. 2006). Surprisingly, during
the summer 2008, the species was detected in the cemetery of Tonsberg, in the
county of Vestfonl (Flaten and Fjellberg 2008). The monitoring project of hermit
populations was carried out using different methods. In July 2008, four adults were
detected by using visual encounter surveys while 14 larvae of third stage and frass
were found inside the hollow trees by wood mould sampling. During August 2009,
“sweep cameras’, set inside hollow trees, were added to other methods (Sverdrup-
Thygeson et al. 2010). While in 2010, the hermit beetles were monitored by using
the sweep camera and pheromone traps and marked with labels. Sverdrup-Thygeson
et al. (2010) recommended the development of a strategy to care for and conserve
the veteran trees where the beetle population currently lived. Efforts are also neces-
sary to establish new host trees for future generations by using artificial hollow trees.
Hermit populations should be monitored annually to follow population trends, us-
ing both a visual search for adults in hot summer evenings during their mating sea-
son and a special “sweep camera” to see inside tree cavities (Sverdrup-Thygeson et al.
2010). Furthermore, the action plan provides some activities in order to familiarise
the citizens with the species.

Poland

Despite the large number of occurence sites of hermit beetles in Poland (see Oleksa
2009) and several studies carried out (Oleksa and Gawronski 2006, Oleksa et al. 2006,
2007, 2012, Byk et al. 2013, Hilszczanski et al. 2014), a national monitoring protocol
on hermit beetle populations has still not been proposed. Oleska (2009) suggested
measures for conservation focused not only on veteran trees in open areas, along av-
enues or channels and in old-growth forests, but also on the entire landscape inhabited
by populations of hermit beetles in Poland. Therefore, an action plan for the species
(locally represented only by O. barnabita) should include three steps: (1) localisation of
core areas using both target species and structure-based indicators, such as the presence
of old trees; (2) strict protection of corridors in fragmented landscapes (trees in road-
sides and canal banks), including management to keep some areas open, e.g. by grazing
or cutting and (3) restoration of stepping stones between core areas, planting trees in
places where the continuity of habitat has been disturbed, as well as other measures
enhancing the hollow continuity in space and time e.g. promoting hollow creation by
pollarding trees or fungal inoculation.
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Germany

In southern Germany, where both O. eremita and O. barnabita are known to occur,
the monitoring method proposed is the wood mould sampling by using the “vacuum
cleaner method”, used for the first time by BufSler and Miiller (2008). A suction tube
of a vacuum cleaner (Nilfisk Backuum battery) was introduced into the cavity, extract-
ing each time 3.5 litres of wood mould. The sample was checked for frass, pellets,
adults, larvae and remains of the hermit beetles. Sampling was undertaken on 127 tree
cavities during 2006 and 2007, in eight Nature 2000 areas in southern and northern
Bavaria. Hermit beetles were recorded in 39 tree cavities. In particular, larvae were
recorded in 11 trees and remains in 30 samples. This method allows good results to
be obtained but has a significant impact on the microhabitat structure and negatively
affects the saproxylic communities.

France

In France, several monitoring programmes for hermit beetle populations were un-
dertaken by using different methods separately and in combination: wood mould
sampling (Vignon and Orabi 2003, Vignon et al. 2004, Dubois et al. 2009); pitfall
traps and telemetry (Dubois and Vignon 2008); wood mould sampling, pitfall traps
(Vignon 2008) and telemetry (Dubois and Vignon 2008, Vignon 2015, Le Gouar et
al. 2015). In all studies, the authors suggested the creation of an inventory of suitable
hollow trees by mapping them by GPS and recording the features of the trees (see
Ranius 2001). The rate of occupancy of the species was detected by using the wood
mould sampling method, searching for the larval faecal pellets, larval stages, cocoons
and adult body parts inside the cavities. This method was mainly applied during the
winter (Dubois and Vignon 2008). Furthermore, the authors suggested the capture
of adults using pitfall traps set in the cavities, one or two for each tree, checked at
least every two days and most frequently once a day. In Dubois and Vignon (2008)
and Le Gouar (2015), the traps were visited once per day, five days per week from the
beginning of July until the end of August, when the daily total number of captures
fell below one capture per day (Le Gouar et al. 2015). In order to estimate the size of
populations, the capture-recapture method was applied by marking the individuals
with micro-perforations made in elytra with a thin drill, with a combination of six
perforations. Furthermore, adults were also searched for on wood-mould surfaces or at
the entry to the cavity and on trunks during the routine time of visits to the traps. In
the recent work published by Vignon (2015), the results are reported of the long term
monitoring studies conducted for 16 years (1997-2013) in the Sarthe department in
chestnut (Castanea sativa) orchards and for 7 years (2001-2008) in the Orne depart-
ment in hedgerow networks. The surveys were carried out using pitfall traps and radio
telemetry for 950 days with 14 persons capturing 612 individuals. The most relevant
result was that the adults emerged from the end of June until the end of August with
an emergence peak between 10 and 15 July; a second emergence peak was observed
between 25 and 29 July.
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Romania

In Romania, the standard method for the monitoring of Osmoderma (locally represent-
ed only by O. barnabita sensu Audisio et al. 2007, 2008) is based on a combination of
methods and spread temporally throughout the seasons in order to monitor the species
in the best manner (Iorgu et al. 2015). The occurrence of the species was established
by wood mould sampling and the materials in the hollow trees were sieved out on to a
white sheet of 1m?, to search for frass, adults, remnants and larvae. lorgu et al. (2015)
established the screening of the hollow trees on a standard area of 1ha (e.g. a transect
500m long and 20m wide). Suitable trees were geo-referenced by using a GPS. The
time spent for searching in the standard area was almost 2 hours with two operators.
The populations of hermit beetle can be monitored by using the pheromone traps with
y-decalactone. The monitoring should be carried out to find larvae throughout the
seasons and to find the adults between July and August (Iorgu et al. 2015).

Austria

In Austria, the monitoring protocol on hermit beetle populations has still not been
proposed, although O. eremita was considered a highly endangered species from past
knowledge and the species was thought to have become extinct due to habitat loss (Ra-
nius et al. 2005). In the northeastern part of Lower Austria, from 2008 to 2011, the
occurrence of O. eremita (s.1.) was studied by using wood mould sampling, searching
for frass, adults, remnants and larvae in the cavities (Straka 2009, 2011). This method
was applied without destroying the microhabitat of the species. Fifteen new occurrence
sites were found, mainly in relicts of the historical cultural landscape, such as castle
parks, avenues with pollarded trees and only one population was found in natural oak
wood. The species was recorded in 49 old trees (sometimes > 200 years old), frequently
in lime (77lia cordata) and willows (Salix alba, Salix fragilis, S. x rubens) and rarely in
black popular (Populus nigra), pedunculate oak (Quercus robur) and appletree (Malus
domestica) with diameters ranging from 45 to 260cm. The surveys were carried out
during the whole year.

Switzerland
In 2004, a management plan for old trees was developed to protect saproxylic beetles
in urban and periurban areas (Juillerat and Vogeli 2004). The main aim of the plan
was to maintain and to improve the sites for an extended period in order to protect the
species, evaluating suitable measures of forest management. The action plan suggested
combined monitoring for each tree of relict and urban forests, for all the saproxylic
beetles. The plan recommended citizen participation to improve the knowledge on the
distribution of the species. The monitoring of O. eremita was carried out by searching
for presence signs within the cavities of the wood mould. The samples of mould were
sieved to isolate frass produced by larvae (>7mm), larval stages and remnants of adults;
the dark brown droppings and many large fragments (>10mm) attested to the recent
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presence of the species. The plan suggested the best time to undertake this research was
from July to October (Juillerat and Végeli 2004).

Slovenia

In this country, the monitoring method for O. eremita (s.1.) populations was published
for the first time by Vrezec et al. (2014). The surveys were carried out by using baited
traps with a racemic mixture of pheromone. Each selected site was monitored using
different numbers of traps, between 1 and 199, for about two weeks depending on
the workers involved for each area and the characteristics of the study site. However,
Vrezec et al. (2014) suggested to use 20 traps for each site and to check the traps once a
week. The monitoring should be carried out during July which is considered the activ-
ity period of the species in Slovenia (Vrezec 2008).

Italy

In Italy, Campanaro et al. (2011) proposed the first method for the monitoring of O.
eremita based on the capture-mark-recapture procedure. The authors suggested cap-
turing individuals mainly by using the pitfall traps (PT: i.e. empty jars placed inside
the cavity of hollow trees) as it resulted in efficient capture of adults and also because
it was the cheapest method and traps could more easily be constructed; moreover,
they suggested the use of black cross window traps (BCWT: i.e. two black plastic
sheets attached to a plastic funnel leading down to a plastic bottle, baited with a race-
mic mixture of y-decalactone, placed on the trunk and suspended from tree branches)
mainly in woods without hollow trees and during preliminary investigations; finally,
they suggested the avoidance of interception air traps (IAT: i.e. a transparent plastic
shield with a plastic dust-funnel leading down to a plastic bottle baited with a race-
mic mixture of y-decalactone, placed on the trunk and suspended from tree branches)
as it was less efficient in capturing adults of O. eremita. Chiari et al. (2013a) found a
similar result by comparing four independent capture methods for the monitoring of
O. eremita in central Italy: BCWT, PT, IAT and VES, visual encounter surveys (i.e.
searching adults by visual inspection of hollows and trunks). Indeed, the PT appeared
the best method in terms of high detection probability, low cost and least time for
construction, low sensitivity to damage and less time for checking and restarting in
the field (Chiari et al. 2013a). Regarding the BCWT, Zauli et al. (2014), by using
these traps as a capture method for monitoring adults of O. eremita in Central Italy,
could draw attention to two populations of this species reduced to a minimum num-
ber of individuals and exposed to local extinction. As well as for the other European
species belonging to the genus Osmoderma, the BCWT baited with a racemic mixture
of y-decalactone attracted (also for O. cristinae) an endemic species of Sicily, in south
Italy, suggesting that these types of traps can also be used for the monitoring of this
species (Zauli et al. 2016a). A further method, the wood mould sampling, performed
by Chiari et al. (2012) in central Italy, was used to detect presence/absence of O.
eremita (larvae, frass and remains of dead individuals) by examining wood mould
samples taken from the tree cavities.
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Regarding the setting of the traps in sampling areas, Campanaro et al. (2011) pro-
posed the arrangement of the PT and BCWT along linear transects, at the nodes of
a grid (in both cases at a distance between 30 and 50m) or alternatively, in a random
manner. Chiari et al. (2013a) used the random manner, setting the traps on 116 hol-
low trees randomly selected. Regarding timing of sampling, both groups of researchers
indicated that the monitoring of O. eremita should be undertaken during the peak of
its activity, i.e. from the middle of June until the middle of August, respectively, at sea
level in northern Italy (Campanaro etal. 2011) or at a hilly area in Central Italy (Chiari
et al. 2013a). Campanaro et al. (2011) also suggested undertaking a minimum of six
monitoring sessions. Trizzino et al. (2013) and Bologna et al. (2016) shared the sug-
gestion for the monitoring method of O. eremita proposed by Campanaro et al. (2011)
and Chiari et al. (2013a).

Methods

Three methods were selected at the beginning of the project (for details on the pro-
ject, see Mason et al. 2015 and Carpaneto et al. 2017), for testing over a period of
three years (from 2014 to 2016) in two macroareas: the Foreste Casentinesi (hereafter:
FC) and the Parco Nazionale d’Abruzzo Lazio e Molise (hereafter: PA). Two methods,
pheromone and pitfall traps which were tested during the project, are described below
while the detailed description of the third method, the use of a trained dog, is reported
in this issue with Mosconi et al. (2017).

A preparatory phase was conducted to select the sites and the period for monitor-
ing of hermit beetle populations. Firstly, an analysis of previous data from literature
and the study of collections of museums and private owners were carried out for an
overview of the presence of the species and its phenology. Moreover, preparatory sur-
veys were made during autumn-winter 2013-2014 in order to select the best suited
sites in the two macroareas (FC and PA) for setting traps in the coming years (consid-
ering accessibility, presence of the species, forest structure etc.). During these surveys
all potential suitable trees were mapped by GPS and the main features were recorded
to create an inventory.

Pheromone Traps

Black cross window traps (hereafter: BCWT) were used, functioning as interception
air traps baited with the pheromone produced by males of O. eremita (Svensson and
Larsson 2008, Chiari et al. 2013a). They consisted of two black plastic sheets (25cm
height x 30cm width, 3mm thickness), arranged in a cross and attached perpendicu-
larly to a white plastic funnel (upper diameter 30cm, neck diameter 4cm) leading
down to a 0.5 litres white plastic bottle (Figure 7). Traps were set on tree branches at a

height of 2-4m (Figure 7B).
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Figure 7. BCWT for capturing O. eremita. A Outline of a trap with an eppendorf vial containing the
pheromone B positioning on tree branch € insertion of the funnel into the bottle, with details of hermit
beetle captured by the trap (note the four small holes in the base to avoid water filling) D O. eremita with
double marking procedure on elytra: dimples made by a small drill and a numbered sticker (photographs
by E. Capogna: A=B, F. Bernardini: C, S. Chiari: D).

Dispensers for pheromone were 1.5ml plastic eppendorf vials loaded with 1200pl
of the racemic mixture of y-decalactone (catalogue no. W236004, Sigma-Aldrich,
USA). Cut strings of cotton dental rolls (Celluron, Paul Hartmann, S.A., France) were
inserted as wicks into the dispenser. The dispensers were attached to the traps with a
metal hook (Figure 7A). Traps were checked every second day to avoid the death of
beetles inside the bottle. Moreover, the plastic bottles were equipped with several small
holes at the base to avoid water filling by rainfall and possible death of the beetles (Fig-
ure 7C). The traps were mapped by GPS (Garmin 60Csx) and then marked by a label

with information on the Project and the code of the trap.
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Pitfall Traps

Pitfall traps (hereafter: PT) were used to catch beetles walking on the wood mould sur-
face inside the cavities. PT consisted of empty jars, with an opening diameter of around
7cm, placed inside the wood mould with the opening at the surface of the mould (for
details see Campanaro et al. 2014, Chiari et al. 2013b). PT, mapped by using GPS and
marked by a label with the code of the trap, were checked every second day.

Capture release method

At the first capture, the sex of each hermit beetle was determined by examining head
and pronotum morphology. Afterwards, each beetle was marked on the elytra by a
numeric code following a double procedure (Figure 7D): 1) by a small drill (Dremel
Lithium Cordless 8000JE) and 2) applying a numbered sticker by a very small drop of
cyanoacrylate glue (*Loctite, Super Attack Power Flex Gel; Henkel, Dusseldorf, Ger-
many). No beetle was damaged by the marking procedure.

Sampling plan

Within the macroarea FC, trap sampling was undertaken in two sites: Foresta della
Lama (FL) and Camaldoli (CA) which were dominated by beech and chestnut re-
spectively. Within the macroarea PA, traps were set in three study sites: Difesa di Pes-
casseroli (DP), Val Fondillo (VF) and the Riserva Naturale Feudo Intramonti e Colle
di Licco (FI). The first two areas were dominated by beech forests and the third area
was occupied by oak forests (for other information on the study areas, see Carpaneto
etal. 2017).

In 2014, trapping was only undertaken in the macroarea PA (in two sites, DP and
VF), during July (Table 1) by using 15 replicates of three BCWT. Each replicate was set
at least 100m from each other and contained: a single trap baited with two eppendorf
vials with 600pl of (R)-enantiomer; a single trap baited with one eppendorf vial with
1200pl of racemic mixture and one empty trap (without pheromone) as control. Inside
each replicate, traps were hung on tree branches at 2-4m height, at least 10m apart and
they were checked for the presence of beetles every second day, for 5 surveys in total.
The relative position of traps within each replicate was changed every two days.

These field experiments addressed the following questions: (i) are the sites suit-
able for the species? (ii) what is the most efficient marking technique for hermit beetle
populations? (iii) does the use of 1200ul in one or two dispensers affect the efficacy of
the method? (iv) is the method suitable for detecting the species and estimating relative
abundance?

In 2015, trapping was conducted in both macroareas: PA (in three sites DP, VF
and FI) and FC (in two sites, FL and CA). For each site, 10 BCWT and 10 PT were
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Table I. Sampling design used during the MIPP project. Summary of the sampling design followed dur-
ing the study of O. eremita in three years. (PA= Parco Nazionale d’Abruzzo Lazio e Molise; FC= Foreste
Casentinesi; VF = Val Fondillo; DP = Difesa di Pescasseroli; FI= Feudo Intramonti e Colle di Licco; CA=
Camaldoli; FL = Foresta della Lama).

Macroarea Site Method Study period # Survey
PA VF 45 BCWT - 21/07-31/07/2014 5

DP 45 BCWT - 21/07-31/07/2014 5

VE 10 BCWT 10 PT 15/07-28/08/2015 21
PA DP 10 BCWT 10 PT 15/07-28/08/2015 21

FI 10 BCWT 10 PT 15/07-28/08/2015 21
EC CA 10 BCWT 10 PT 15/07-18/08/2015 14

FL 10 BCWT 10 PT 15/07-18/08/2015 14
PA DP 10 BCWT 10 PT 18/07-12/08/2016 12
FC FL 10 BCWT 10 PT 18/07-12/08/2016 12

used. BCWT were positioned on tree branches at 2-4m height and baited with one
eppendorf vial containing 1200pl of racemic mixture. PT were positioned inside the
tree hollows amongst suitable trees which had previously been investigated in 2014.
The distance between BCWT and PT was at least 100m. Traps were checked for the
presence of beetles every second day, three times a week (Table 1). Four site covari-
ates were recorded for each site in 10 plots of 24m radius (Area= 1808m?) (Redolfi
De Zan et al. 2014 a,b) around the tree where the BCWT were set: (1) trees number
(TN); (2) mean circumference (MC); (3) holes number (HN) and (4) microhabitat
amount (MA). Starting from the habitat suitable for O. eremira, the number of trees
(old trees with hollows) with a circumference greater than or equal to 157cm at breast
height (DBH) was recorded in the area. For each tree, the number of cavities and the
number of “microhabitat type” identified were also recorded. Following Winter and
Moller (2008), “microhabitat type” was used as a method with which it is possible to
obtain information on the structure of the forest investigated and also to correlate the
presence of microhabitat data with the presence of saproxylic species. Amongst the 20
microhabitat types identified, according to the scheme proposed by Winter and Méller
(2008), only those most suitable for the presence of O. eremita were taken into account
from MAO04 to MA10 (see Winter and Moéller 2008).

These field experiments addressed the following questions: (i) between BCWT
and PT, what is the better method to detect hermit beetles? (ii) is the colour num-
bered sticker a reliable method to mark hermit beetles? (iii) what is the lower limit of
population abundance for using the capture-release method? (iv) what is the minimum
sampling effort (in terms of trap and survey number) for detecting the species? (v) do
environmental variables of the plot have a relationship with the species occurrence?

In 2016, trapping was again conducted in both macroareas: PA (in two sites DP
and VF) and in FC (in one site FL). For each site, 10 BCWT and 10 PT were used.
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The BCWT were positioned on tree branches at 2-4m height and baited with one ep-
pendorf vial containing 1200pl of racemic mixture. PT were positioned inside the tree
hollows, previously selected amongst suitable trees investigated in 2014. The distance
between BCWT and PT was at least 100m. Traps were checked for the presence of
beetles every second day, for three times a week for a total of 12 surveys (Tablel). These
field experiments addressed the following questions: (i) what is the best method to
detect hermit beetles? (ii) is the colour numbered sticker a reliable method to mark her-
mit beetles? (iii) what is the population abundance by using capture-release method?

Statistical analysis

For the dataset of 2014, the Yates corrected y test was applied to investigate differ-
ences between male and female captures. Analysis was performed with the programme
R version 3.2.5 (R Core Team, 2016), using a significance level of 0.05 to reject the
null hypothesis.

The large-scale occupancy probability (§) was firstly explored by condensing de-
tections from each capture method and fitting single species, single season and multi-
method models. Then, the detection probability estimate () was calculated applying
the single species, single season and multi-method models separately to each capture
method (Nichols et al. 2008). Detection probability was modelled as constant over
time and detection methods (p) as time-independent but different amongst methods
(¢"), as time-dependent but constant amongst methods (), or with the method as an
additive effect with time (p_). Small-scale occupancy was modelled as either time-
independent (6’) or time-dependent (¢/).

For the dataset of 2015, the Yates corrected y? test was used to investigate differenc-
es between sampling methods and sex. Analysis was performed as for the 2014 dataset.

Occupancy models for single species, single season were used to calculate site oc-
cupancy (}), i.e. an estimate of the probability that a randomly selected site of the
study area is occupied and the detection probability (p), i.e. the probability of detect-
ing the species by the applied monitoring method (MacKenzie et al. 2006). These
parameters were modelled to be constant (.) or to vary with time () during the first
and the last survey for each study area. The recommended survey effort for monitor-
ing schemes was calculated by applying the general advice reported by MacKenzie
and Royle (2005). In particular, the simplifying assumption was applied that selected
values of ¢ and p are constant across both space and time for a standard design where
all sites (s) are surveyed an equal number of times (K) with all surveys having the same
cost. Finally, a general situation was assumed where the study is designed with a preci-
sion objective (standard error of the estimated level of occupancy) of 0.10 to determine
what values of s and K are the most efficient to achieve the study’s objective, given the
assumed values of ¢ and p. The assumed values of ¢ and p were the means obtained
from the four study sites where the species turned out to be more common (DP, VE
FI, FL) and the other two sites where the species turned out to be less common, both
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from the Lazio region: Monte Soratte (E Bernardini, unpublished master’s thesis) and
Forcella Buana (Chiari et al. 2013a).

Craig’s model for closed populations (Craig 1953) was used to estimate the popu-
lation size for each study area. The closed population model was used due to the low
number of recaptures. The Coeflicient Variation (CV) was calculated as the standard
error divided by the number of individuals estimated and indicates the precision of the
population size estimate. Population size estimates for each study area were generated
with male and female data pooled together.

The species habitat relationship was analysed pooling data from all the study areas.
A set of a priori models were defined with the covariates varying in a way that could
explain patterns of trap occupancy. Models with single, additive and multiplicative ef-
fects of site covariates (HN, MC, TN, MA) were hypothesised.

Occupancy models, for both 2014 and 2015 data analysis, were fitted and max-
imum-likelihood estimates were obtained using the programme PRESENCE (Hines
and MacKenzie 2004). The Akaike Information Criterion (AIC) model selection pro-
cedure was used to rank the models and model averaging AIC weights (w) of candidate
models (AAIC < 2) was used to obtain a weighted average of the individual parameter
estimates (Burnham and Anderson 2002).

Results

In 2014, a total of 17 captures of 15 individuals and 8 captures of 8 individuals of
O. eremita were made in VF and DP respectively (Table 2). The female captures out-
numbered male captures (y* = 6.76, P = 0.01). Only one male and one female were
recaptured, both in VF and only once.

In both sites, the estimated large-scale probability of O. eremita occupancy was high,
but considerably uncertain (VF ¢ = 0.55, SE = 0.18; DP ¢{ = 0.80, SE = 0.57). Model
selection statistics provided strong evidence that occupancy probabilities, in both sites,
were firstly influenced by the sampling method (s) (VF w_ = 0.98; DP w_= 0.96) (Table
3). The BCWT baited with one dispenser containing 1200ul of y-decalactone of neat
racemic mixture, performed better than those baited with two dispensers of 600ul or
controls in detecting the presence of O. eremita in both sites (Table 4).

In 2015, in total 116 capture events of 105 individuals were registered by BCWT
(Table 5). No capture events were recorded by PT. Females were significantly more
abundant than males (Yates corrected y? = 63.43, df = 1, P < 0.01). Individuals
were collected in all the study areas in a time interval between 14 July and 28 August
(Figure 8).

The mean value amongst macroareas for ¢ was 0.98 (SE = 0.03) and for p it was
0.10 (SE = 0.04) (Table 6).

For selection of a standard error for the estimated level of occupancy of 0.10, the
most efficient allocation of resources is to use 30 BCWT, each checked 23 times (690
total number of surveys).

Amongst the marked beetles, not one lost the colour-numbered sticker.
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Table 2. Dataset of mark recapture during 2014. Summary of capture-mark-recapture data of O. eremita
obtained during 2014 in PA (PA = Parco Nazionale d’Abruzzo Lazio e Molise; VF = Val Fondillo; DP =
Difesa di Pescasseroli).

Captures
Site Sex Marked
control one dispenser two dispensers
male 4 0 3 2
VF
female 11 0 11 1
male 1 0 1 0
DP
female 7 0 4 3

Table 3. Occupancy probabilities model selection. Summary of the model selection statistics for the
study of O. eremita during 2014 in PA (PA = Parco Nazionale d’Abruzzo Lazio ¢ Molise; VF = Val Fon-
dillo; DP = Difesa di Pescasseroli).

Site Model K* -2Log (L) AAIC w

VE v, 0,p 9 61.54 0.00 0.55
v, 0, p* 9 62.05 0.51 0.43

bP v, 0, p ., 9 42.99 0.00 0.52
v, 0, p* 9 43.48 0.49 0.41

* K represents the number of parameters in the model and -2Log (L) is twice the negative log-likelihood value.
Small sample Akaike Information Criteria (AIC) were calculated for each model. Relative AIC values (AAIC =
the difference in AICc value relative to the top model, Burnham and Anderson 2002) and Akaike weight (w),
are reported for each model. Detection probabilities may vary amongst method (s) or sampling occasion (¢).

Table 4. Detection probabilities estimates by monitoring during 2014. O. eremita detection probability
estimates () and associated standard errors (in parenthesis) are given for the plausible candidate models
(AAIC < 2) (w = Akaike’s weight for each model), during 2014 in PA (PA = Parco Nazionale d’Abruzzo
Lazio e Molise; VF = Val Fondillo; DP = Difesa di Pescasseroli).

Site Model w Dot (SE) b,. dis. (SE) Do dis. (SE)
VE $,05p, 0.55 0.00* (0.00) 0.34* (0.16) 0.10* (0.08)
4§, 04 pf 0.43 0.00 (0.00) 0.67 (0.27) 0.20 (0.13)
DP D, 05p, 0.52 0.00* (0.00) 0.21* (0.14) 0.07* (0.07)
b, 07 pf 0.41 0.00 (0.00) 0.50 (0.35) 0.17 (0.15)

* Parameter estimate reported is the mean value amongst the 5 detection probability estimates for each
detection method (control = BCWT with no bait; 1 disp. = BCWT baited with one dispenser with
1200pl of y-decalactone neat racemic mixture; 2 disp. = BCWT baited with two dispensers with 600l of
y-decalactone neat racemic mixture in each one).

The most abundant population was the one for VF 304+104 (C.V. 0.34), the less
abundant being that of FL 22+5 (C.V. 0.23) (Table 7).

Trap occupancy was favoured by the additive effect of the hole number (w,, =
0.72) and microhabitat amount (w,,, = 0.38) (Table 8). Increasing the HN and MT
increased the trap occupancy (Figure 9).
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Figure 8. Time interval of capture events during 2015. Capture events of O. eremita during the MIPP
project monitoring in 2015 in four Italian study sites (grey line = Foresta della Lama; black line = Feudo
Intramonti e Colle di Licco; black dashed line = Val Fondillo; black dotted line = Difesa di Pescasseroli).

Table 5. Dataset of mark recapture during 2015. Summary of mark-recapture data obtained during the
study of O. eremita in Italy with different capture methods during 2015 in the two macroareas PA and
FC (BCWT = Black Cross Windows Traps; PT = Pitfall Traps; PA= Parco Nazionale d’Abruzzo Lazio e
Molise; FC = Foreste Casentinesi; VF = Val Fondillo; DP = Difesa di Pescasseroli; FI = Feudo Intramonti
e Colle di Licco; CA = Camaldoli; FL = Foresta della Lama).

BCWT PT
Site Marked beetles Recapture events Marked beetles Recapture events
(1) (219) (@13) (213)

VF 31/3 2/0 0/0 0/0

DP 3715 6/0 0/0 0/0

FI 12/1 4/0 0/0 0/0

CA 2/0 0/0 0/0 0/0

FL 8/2 3/0 0/0 0/0

Table 6. Occupancy and detection probability estimates by monitoring during 2015. O.eremita occu-
pancy () and detection (p) probability estimates and associated standard errors (in parenthesis), are given
for plausible candidate models (within 2 AAIC of the top model). The data were obtained by monitoring
during 2015 in the two macroareas PA and FC (PA= Parco Nazionale d’Abruzzo Lazio e Molise; FC =
Foreste Casentinesi; VF = Val Fondillo; DP = Difesa di Pescasseroli; FI = Feudo Intramonti e Colle di
Licco; FL = Foresta della Lama).

Site Model K* -2Log (L) AAIC w b SE P SE
VF $(), p() 2 167.93 0.00 1.00 0.93 0.10 0.15 0.03
DP $(), p() 2 150.84 0.00 1.00 1.00 0.00 0.09 0.07
FI (), p() 2 108.07 0.00 0.99 1.00 0.00 0.07 0.02
FL $(), p() 2 94.95 0.00 1.00 1.00 0.00 0.09 0.02

*K represents the number of parameters in the model and -2Log (L) is twice the negative log-likelihood value.
Relative Akaike Information Criteria (AAIC), i.e. the difference in AIC value relative to the top model modi-
fied for overdispersion (Burnham and Anderson 2002) and Akaike weight, w, are reported for each model.
Both ¢ and p were constant (.) within the time interval between the first and last survey of each study area.

In 2016, in total 32 captures of 31 individuals and 11 captures of 10 individu-
als of O. eremita were made, all by BCWT in PA and FC respectively (Table 9). No
capture events were made by PT. Only two females were recaptured, one in DP and
one in FL.
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Table 7. Estimation of population size. O. eremita population size estimates obtained by monitoring
during 2015 in the two macroareas PA and FC (PA= Parco Nazionale d’Abruzzo Lazio e Molise; FC =
Foreste Casentinesi; VF = Val Fondillo; DP = Difesa di Pescasseroli; FI = Feudo Intramonti e Colle di
Licco; FL = Foresta della Lama).

Site Population size estimate +95 % confidence interval Coefficient of variation
VF 304 104 0.34

DP 173 45 0.26

FI 22 5 0.23

FL 19 2 0.10

Table 8. Dataset of environmental variables. Environmental characteristics (within 2 AAIC from the top model)
affecting the occurrence of O. eremita in BCWT. The data were obtained during 2015 in the two macroareas PA
and FC (PA= Parco Nazionale d’Abruzzo Lazio e Molise; FC = Parco Nazionale delle Foreste Casentinesi).

Model K -2Log (L) AAIC w
B> 2Q) 18 492.66 0.00 0.50
Dlinne)> 2() 19 492.29 1.63 0.22

*Occupancy (§) and detection (p) probabilities are considered. HN = holes number; MA = microhabitats
amount. K represents the number of parameters in the model, w the Akiake weight and -2Log (L) is twice
the negative log-likelihood value. Akaike Information Criteria (AAIC) were calculated for each model
(Burnham and Anderson 2002).

Table 9. Dataset of mark-recapture during 2016. Summary of mark-recapture data obtained during the
study of O. eremita in Italy with different capture methods during 2016 in the two macroareas, PA and FC
(BCWT = Black Cross Windows Traps; PT = Pitfall Traps; PA= Parco Nazionale d’Abruzzo Lazio e Molise;
FC = Parco Nazionale delle Foreste Casentinesi; DP = Difesa di Pescasseroli; FL = Foresta della Lama).

BCWT PT
Site Marked beetles Recapture events Marked beetles Recapture events
Q1) QD) Q1D QD)
DP 22/9 1/0 0/0 0/0
FL 5/5 1/0 0/0 0/0
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Figure 9. BCWT occupancy data. BCWT occupancy of O. eremita during 2015 in relation to the
number of holes (grey empty circles) and microhabitat amount (black dots). Vertical bars indicate the

standard error.



112 Emanuela Maurizi et al. / Nature Conservation 20: 79-128 (2017)

Discussion

The standard method for the monitoring of O. eremita

Comparison of the results obtained from all methods allowed the best standard meth-
od for the monitoring of O. eremita to be selected. The analysis of the total number of
hermit beetles captured by the two trap types during the sampling of 2015 and 2016
in the two macroareas (FC and PA) showed that only BCWT captured the beetles. The
use of PT provided zero captures in this research, notwithstanding this method was
successfully used in different environmental contexts, such as in Sweden and France
(Ranius 2000, 2001, 2007, Vignon 2015) until the identification of the sex phero-
mone of O. eremita and its now consolidated use as bait for BCWT (Larsson et al.
2003, Larsson and Svensson 2009, 2011). In the past years, many researchers chose to
use a combination of BCWT and PT, as the first method is able to capture a higher
number of individuals (with a high prevalence of females), while the second is able to
capture a high number of males (Ranius 2001, Ranius and Hedin 2001, Svensson et
al. 2011, Chiari et al. 2013a). Previous research in central Italy (Chiari et al. 2013a)
reported that PT can be considered a good and cheap method, but it required much
field effort and time in terms of setting and checking traps. In fact, PT was successful
to a limited extent in Italy when a very high number of traps was used, as reported
in Chiari et al. (2013a), 116 PT being used and checked every second day from the
middle of June to the first week of August 2009, obtaining only 19 individuals. This
low number of individuals, despite the high field effort and the 0 value obtained by
the MIPP sampling (present paper) is probably due to the low density of Italian popu-
lations in the southern part of the hermit beetle geographic range and the reduced
volume of tree hollows (associated with the young age of trees). In Sweden, where the
habitat conditions are more favourable for the species (older trees and larger hollows
with plenty of wood mould), the number of hermit beetles collected by PT is usually
higher (Ranius et al. 2005).

These results suggested that, to carry out monitoring of a southern population of
the hermit beetle (at least for the Apennine range), a number of 30 BCWT checked
every second day for eight weeks (from early July to the end of August) is the most
efficient method; traps can also be placed on trees without hollows due to the high
attraction of the pheromone on the species. The activity period can vary according to
altitude and latitude, other than seasonal weather conditions and then the sampling
period for monitoring could be shorter where there is a greater knowledge of the life
cycle of the species at local level (e.g. Figure 8). If no direct information is available on
the activity period at local level, a preliminary study should be conducted in the previ-
ous year to obtain information. The BCWT showed differences in capture of the sexes,
with a significant bias towards females (Tables 2, 5 and 9). Such strong attraction on
females may produce a disturbing effect on breeding activity and behaviour, with the
risk of reducing the birth rate of the local population. For this reason, precautionary
measures should be taken even if the cause and effect relationships between distur-
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bance by pheromone and population density of hermit beetles are not fully established
scientifically. The authors” advice is to conduct BCWT monitoring every three years
(one year of sampling separated by two years without sampling).

A high number of PT (at least 150) placed in the same number of tree cavities
(preferably one trap per tree) may be used as an alternative method. In fact, this method
is cheaper and less invasive (due to the breeding activities by pheromones not being dis-
turbed), but may be used only in areas where: 1) tree hollows are abundant, large enough
and with sufficient amounts of wood mould to set pitfall traps and 2) the team is com-
posed of several people in order to ensure the checking of so many traps every two days.

According to N. Jansson (pers. com.), the bottom of the traps (both BCWT and
PT) should be lined with wet moss, in order to reduce temperature, drought, stress and
energy consumption of the beetles captured.

Protocol, materials and equipment

The first step in carrying out the monitoring plan is to choose a suitable area inhabited
by O. eremita. Ideally, an area should be investigated in detail, in order to map the
hollow tree by GPS, to take photographs and to record the characteristics of the trees
(e.g. species, size, DBH, height, number of hollows etc.). This information, gathered
in the field, will be useful for setting the traps. Afterwards, the BCWT would be built
during the spring, before starting the monitoring. (For details and materials about the
BCWT, see Methods and supplementary file 1.) The traps are set in the field at least
a week before starting the sampling, without both pheromone and plastic collecting
jars. The BCWT could be positioned randomly in a woodland or along a transect (e.g.
along tree-lined streets, rows of pollarded trees bordering rivers and channels etc.) or
in a grid (e.g. 5 rows with 6 traps in each one; the size of the grid is about 500m long
and 600m wide), setting the traps at least 100m from each other. Every trap should be
mapped by GPS and marked by a label with its number.

The monitoring can be carried out by two operators checking the traps every
two days for 8 weeks, from July to September. The surveys can be conducted in two
different ways:

Three times a week (Monday, Wednesday and Friday), the traps can be activat-
ed the day before starting the check (Sunday) and deactivated after the third weekly
check, on Friday. The BCWT is activated when the caps of the plastic collection jar are
removed and the eppendorf vial with pheromone is baited; in the opposite case, deacti-
vation means that the collection jar is closed and the eppendorf vial has been removed.
The activation and deactivation of the traps is crucial to avoid the death of individuals.

Every two days without any breaks, continuously; the traps can be activated the
day before to start the check and never deactivated until the end of sampling.

The plastic eppendorf vials (capacity of 1.5ml) loaded with 1200ul of the racemic
mixture of y-decalactone can be prepared before starting the sampling and preserved in
a freezer. It is suggested that the pheromone vials be changed once a week.
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The protocol requires the presence of two operators who should fill the field sheet
of each survey with the date, the weather conditions (rain and cloud) and the starting
time (see supplementary file 2). After that, the operators check the traps and, once an
adult is found, it is temporarily placed into the plastic jar with the cap to prevent escape.
Once the check of BCWT has been completed, the number of individuals collected
is counted, specifying the number of males and females for each trap in the field sheet
(see supplementary file 2). Afterwards, the beetles were released in the same hollow tree
from where they were captured. At the end of each survey, the operators recorded the
weather conditions (rain and cloud) and the finishing time (see supplementary file 2).

The equipment required is: GPS, clipbord, field sheet, pencil, clock, plastic eppen-
dorf vial with pheromone, cotton dental rolls, tweezers and camera.

Constraints, spatial validity and possible interferences

O. eremita is a species with a low dispersal rate. In fact, the majority of the individu-
als can move only a few hundred metres (from 100m to 250m), while some have a
dispersal rate exceeding 2000m, as reported in several studies summarised by Chiari
et al. 2013b. The dispersal rate seems to vary with latitude from southern to northern
Europe, in relation to the mean temperatures and to the characteristics of the habitat
(Larsson and Svensson 2009, 2011, Ranius et al. 2011, Chiari et al. 2013b). This
means that the spatial validity of the method must be evaluated in relation to the local
dispersal rate for different populations.

The major risk associated with the use of the BCWT is related to adverse weather
conditions; in fact, in case of heavy rains, the plastic collection bottle, despite the pres-
ence of drainage holes, may be filled by water, resulting in an obvious danger to the
specimens trapped inside. In case of heavy rainfall, it is recommended to increase the
rate of checks, verifying daily if there are specimens inside the traps and emptying water
from the collection chambers and from any material that can clog the holes (e.g. leaves).

Finally, O. eremita is a rare and elusive species, very sought after by collectors and
the specimens trapped inside BCWT may represent easy prey for them. Thus, to avoid
risks related to unauthorised collections, it is recommended to set the traps on higher
branches with the help of an extension, so that the traps are not easily accessible.

Counting, quantification and data sharing

In order to identify the population trend for O. eremita at local level during the years,
a reference value can be calculated as follows:

1. For each survey, sum the total number of individuals (males + females) cap-
tured by all 30 BCWT.

2. Calculate the mean value of the number of individuals from all surveys, ex-
cluding the survey with the lowest number. Removing the lowest number,
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as proposed for other insect species (FLA 2014, Hardersen and Toni 2015),
allows the elimination of eventual outlier values due to adverse climatic condi-
tions (e.g. low temperature and/or rainfall) or other factors, that may affect the
activity of the individuals and increase data heterogeneity.

Table 10 reports an example of calculation of the mean value obtained for identify-
ing a population trend. This value allows the comparison of long-term data from the
same location and to identify a population trend.

Table 10. Example of calculation of mean value of captured beetles. Subset of traps and surveys used for
calculation of the reference value of the monitoring trend of O. eremita population in one site (BCWT:

Black Cross Window Trap).

Survey BCWT1 BCWT2 BCWT3 BCWT4 BCWTI5 BCWTI6 BCWT7? Total

1 1 2 4 3 2 3 1 16

2 3 6 5 5 6 3 3 31

3 3 5 7 7 7 4 5 38

4 2 4 3 2 2 0 0 13

5 4 7 8 5 3 5 4 36
Average value for the four counts with the highest average total 30.25
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