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Abstract
The saproxylic beetle, Cucujus cinnaberinus, has received increasing research attention in Europe since the 
adoption of the Habitats Directive and establishment of the Natura 2000 network. The history of the spe-
cies has been investigated as well as the influence of abiotic and biotic variables on the distribution of C. cin-
naberinus in Slovenia which is at the limit of its range and also terra typica for the species. The species was 
first described in 1763 by Joannes A. Scopoli in Carniola, a duchy of the Habsburg Monarchy. Today, most 
of the territory of Carniola is situated within Slovenia. C. cinnaberinus is particularly common in the eastern 
part of the country, but very scarce in the mountainous western part. According to historical and recent 
distribution patterns of C. cinnaberinus in the former Carniolan territory, the region of Ribnica-Kočevje in 
southern Slovenia is proposed as the most probable type locality of the species. Although the bulk of the C. 
cinnaberinus population in Slovenia is confined to the lowlands, the species has been found up to 1095 m 
a.s.l., albeit at a much lower abundance due to the influence of climate and forest structure. Although C. 
cinnaberinus is a quite an opportunistic species regarding host tree selection, it has been shown to exhibit a 
preference for Tilia, Populus and Robinia. It is suspected that the high abundance of C. cinnaberinus in 
lowland floodplain forests is due to the recent human-induced increase in preferred fast-growing and short-
lived host trees, i.e. the planting of poplar trees and spread of invasive Black Locust (Robinia pseudoacacia) 
after the 1960s. In contrast, in montane forests, preferred host trees (e.g. Tilia) represent < 1 % of all growing 
stock. Although montane C. cinnaberinus populations are rare, they could still be important for the con-
servation of the species, since montane habitats cover the largest area within the species’ distribution range.
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Introduction

The Directive on the Conservation of Natural Habitats and of Wild Fauna and Flora 
or the Habitats Directive (92/43/EEC) was adopted in 1992 and subsequently spurred 
intensive research activity on species of conservation concern in Europe. This is par-
ticularly evident with respect to the saproxylic beetles which is amongst the most 
threatened beetle groups in Europe (Nieto and Alexander 2010) and is reflected in the 
number of published papers listed in the Web of Science on 21 saproxylic beetle species 
of conservation concern, with 87 % of all papers published after the year 1992 and, in 
particular after 2010, when more than 50 % of all papers were published. However, 
research activity has been skewed towards more widespread and charismatic species 
(e.g. Ranius et al. 2005, Harvey et al. 2011), at least that concerning species ecology, 
monitoring, distribution and conservation biology (see Appendix: Table S1).

There are only four well studied species in this sense, namely Osmoderma eremita, 
Morimus funereus, Lucanus cervus and Rosalia alpina and three moderately studied spe-
cies (Cucujus cinnaberinus, Cerambyx cerdo, Limoniscus violaceus), while the majority of 
species have been poorly studied or not studied at all. While this deficiency in research 
greatly hampers the conservation management of Natura 2000 sites, on the other hand, 
it stimulates applied research on species survey methods, monitoring and conservation 
management (e.g. Bussler and Müller 2009, Carpaneto et al. 2010, Harvey et al. 2011, 
Bergman et al. 2012, Gouix and Brustel 2012, Chiari et al. 2013, Walentowski et al. 
2013, Gough et al. 2014, Le Gouar et al. 2015, Campanaro et al. 2016, Carlsson et al. 
2016, Hopkins and Thacker 2016, Larsson 2016).

Until recently, Cucujus cinnaberinus was considered as a poorly known species 
(Horák 2011). It is confined to Europe and is distributed from the Mediterranean to 
Scandinavia and from Russia to Spain, but with a scattered distribution pattern, prob-
ably due to past population decline and local extinctions (Horák and Chobot 2009, 
Horák et al. 2010). The species has however an extremely cryptic lifestyle, as the larvae 
and adults live under the bark of dead tree trunks (Horák et al. 2008) and this might 
also be a reason for the low detection rate of the species in the past (Horák et al. 2010).

Recently, field survey techniques have shifted from focusing on adult beetles to the 
detection of larvae under the bark which appears to be a much more efficient detection 
method (Bussler 2002, Straka 2006, Vavra and Drozd 2006, Horák and Chobot 2011, 
Vrezec et al. 2012, Gutowski et al. 2014). By applying the larval survey technique, new 
discoveries of the species have accelerated, as have rediscoveries in regions where the 
species was previously thought to be extinct (Mazzei et al. 2011, Kovács et al. 2012, 
Fuchs et al. 2014, Holly 2014, Mainda 2014, Hörren and Tolkiehn 2016, Šag et al. 
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2016, Tovar and Baena 2016). This intensified research activity uncovered new records 
of other Cucujus species and led to the discovery of a new endemic species in Europe 
(Horák et al. 2009, 2011, Bonacci et al. 2012, Gutowski et al. 2014). Horák et al. 
(2008, 2010) claimed that the C. cinnaberinus population stronghold is situated in 
central European countries, although this might change due to increasing knowledge 
on species distribution and abundance in southern Europe (Mazzei et al. 2011, Vrezec 
et al. 2011, Kovács et al. 2012, Šag et al. 2016).

In 1763, Joannes A. Scopoli described the species as Meloe Cinnaberinus from 
Carniola (also Carniolia, Krain, Kranjska), a duchy of the Habsburg Monarchy. Today, 
most of the Carniolan territory is situated within Slovenia (Figure 1), where the type 
specimen originated (Scopoli 1763). This fact has however been largely neglected in 
recent papers (e.g. Horák and Chobot 2009, Horák et al. 2010, Bonacci et al. 2012) 
partly as a result of the lack of knowledge about the type locality of C. cinnaberinus 
(i.e. the Duchy Carniola was frequently misinterpreted in the past; Baker 1999) which 
was not specifically mentioned in the original description of Scopoli (1763) and partly 
as a result of lack of knowledge on the recent status of C. cinnaberinus in the former 
Carniolan territory and the current Slovenian territory (Pirnat and Drovenik 2004, 
Horák et al. 2010, Vrezec et al. 2011). Therefore, the aim of this paper was to review 
historical and recent knowledge about the distribution of C. cinnaberinus in its terra 

Figure 1. The Duchy of Carniola (dark grey) in the period of Joannes A. Scopoli’s research activity between 
1754 and 1769 with Carniolan provinces marked with their original Latin names. Recent state borders in 
the region are marked in the background. The map was redrawn after Florjančič de Grienfeld (1744).
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typica in Slovenia, with special emphasis on J. A. Scopoli’s research activity in the region 
(Petkovšek 1977, Baker 1999, Štih et al. 2008), in order to identify the most probable 
type locality of the species. As C. cinnaberinus is highly genetically polymorphic (Røed 
et al. 2014), it is essential to define the type locality as a population reference for 
further taxonomic and phylogenetic studies of this and related species.

Taking into account recent distribution maps of C. cinnaberinus (Horák et al. 
2008, Horák and Chobot 2009), it seems that Slovenia represents the limit of the spe-
cies’ distribution since there is no population known in the western neighbourhood 
of Northern Italy (Brandmayr et al. 2016). This situation presents the opportunity to 
study the species’ micro- and macrohabitat selection patterns at the edge of its distribu-
tion, where it is rarer and less abundant. So far, the species’ habitat parameter associa-
tions have been intensively studied only in central Europe, in its population stronghold 
where it is very abundant and its population is even expanding (Horák et al. 2010, 
2011). This study therefore aimed: (1) to assess horizontal and vertical distribution 
patterns of C. cinnaberinus in Slovenia at its distribution edge, based on large-scale 
field sampling guided by a potential distribution model; (2) to review historical data of 
species occurrence in Slovenia from 1763 onwards and (3) to determine species macro- 
and microhabitat selection patterns to assess the limitation parameters of the species’ 
distribution at the edge of its range.

Methods

Study area

The study was conducted over the whole territory of Slovenia (20,273 km2) which is a 
predominantly montane country with more than one-third of the surface lying above 
an elevation of 600 m a.s.l. (Perko and Orožen Adamič 1998). With forests covering 
58 % of its area, Slovenia is one of the most forested European countries (Slovenia For-
est Service 2015). Despite forest exploitation being an important economic activity, 
Slovenia has largely managed to preserve the original forest communities and popula-
tions of indigenous trees, even in some areas with a large amount of deadwood (Slove-
nia Forest Service 2015). The prescribed amount of deadwood biomass left in the for-
est varies up to 3 % of the total wood stock in the stands (Uradni list RS 2009, 2016).

The dominant tree species is European Beech (Fagus sylvatica), forming the most 
frequent forest associations of Fagetum, Abieti-Fagetum and Querco-Fagetum in Slove-
nia (70 %; Slovenia Forest Service 2015). Most of the western part of the country is 
montane with prevailing tree species of European Beech, Silver Fir (Abies alba), Norway 
Spruce (Picea abies), European Larch (Larix decidua), Sweet Chestnut (Castanea sativa) 
and Sessile Oak (Quercus petraea) (Perko and Orožen Adamič 1998). In eastern Slove-
nia, the forest has been mainly preserved where land is less suitable for agriculture and 
in floodplains along major river banks (Mura, Drava, Sava and Krka). They are charac-
terised by a large volume of deadwood; for example, in the floodplain forest along the 
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Mura River, it ranges from 15 to 24 m3/ha (Ferreira and Planinšek 2016). The prevail-
ing species in floodplain forests are Common Alder (Alnus glutinosa), Pedunculate Oak 
(Quercus robur), Willow (Salix sp.), Poplar (Populus sp.; including hybrid Poplars) and 
European Hornbeam (Carpinus betulus) (Perko and Orožen Adamič 1998). Intensive 
plantations of hybrid poplars were established in the period from 1960–1980 (Božič 
and Krajnc 2012). Plantations were established on alluvial sites along the main rivers 
in Slovenia (Drava, Krka, Mura, Sava, Savinja, Soča) with primarily native poplar and 
willow stands. Additionally, Black Locust (Robinia pseudoacacia) is the most wide-
spread alien tree species in Slovenia and accounts for almost two-thirds of the growing 
stock of non-native tree species (Kutnar and Kobler 2013).

Only part of Slovenia belonged to the former Duchy of Carniola which existed 
in the former Holy Roman Empire and later in the Habsburg Monarchy between 
1364 and 1918 (Kos 1929, Štih et al. 2008). According to recent state borders in the 
region, the territory of Carniola is located in Slovenia, except for a small part that is 
included within the current borders of Italy and Croatia (Figure 1). In the period of 
J.A. Scopoli’s research activity in Carniola between 1754 and 1769 (Petkovšek 1977), 
the duchy was divided into five regions: northern Carniola Superior (today, Gorenjska, 
including the mountainous area of the Julian Alps), western Carniola Interior (today, 
Notranjska and part of Primorska, including the northern part of the Dinaric karst 
region), eastern Carniola Inferior and Media (today, Dolenjska, extending to the 
river banks of the Sava and Krka and including the current major forest complexes 
in southern Slovenia) and Istria Austriaca (NE part of Istria and mainly within the 
current territory of Croatia) (Florjančič de Grienfeld 1744, Brelih et al. 2006).

According to Flora Carniolica (Scopoli 1760, 1772) and Entomologia Carniolica 
(Scopoli 1763), J. A. Scopoli began researching the flora and fauna of Carniola shortly 
after his arrival in Idrija with the first surveys in the year 1755 (Petkovšek 1977). 
To demonstrate the study area of Scopoli in the territory of the former Duchy of 
Carniola, we took into account all known localities visited by Scopoli and mentioned 
in his major works (Scopoli 1760, 1763, 1772, Petkovšek 1977, Baker 1999, Štih et 
al. 2008) with a circular area of a 10 km radius around every locality. The overlap of all 
historical and recent records of C. cinnaberinus within Scopoli’s study area was used as 
a guideline in defining the possible type locality from which the Scopoli (1763) type 
specimen originated. Scopoli’s collection with his type specimens is most probably lost 
(Brelih et al. 2006).

Historical Cucujus cinnaberinus range assessment

Data on the past distribution of C. cinnaberinus in the territory of Slovenia were 
obtained from literature reviews (Brelih 2001, Drovenik and Pirnat 2003) and by 
examination of historical entomological collections of coll. Ferdinand Jožef Schmidt 
(period between 1819 and 1878; stored in Slovenian Museum of Natural History 
in Ljubljana-PMSL), coll. Josip Stussiner (end of the 19th and beginning of the 20th 
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century; stored in PMSL), the Central Collection of Slovenian beetles (collection 
curated by Savo Brelih with material originated from coll. A. Bianchi, S. Brelih, E. 
Jaeger and J. Peyer from the period between the end of the 19th century to 2012; 
stored in PMSL), coll. Josef (Giuseppe) Müller (first half of the 20th century; stored in 
Museo Civico di Storia Naturale, Trieste), coll. Jože Staudacher (period between 1918 
and 1940; stored in PMSL), coll. Alfonz Gspan (period between 1918 and 1940; 
stored in PMSL) and coll. Egon Pretner and Božidar Drovenik (period between 1920 
and 2010; stored at Research Centre of the Slovenian Academy of Sciences and Arts, 
Ljubljana). All historical records were accidental findings since no systematic surveys 
of the species were known before the year 2008 (Vrezec et al. 2009). Historical records 
were geolocated at a scale of 10 kilometres and were used only for the purpose of 
horizontal distribution analysis in this study.

Recent assessment of Cucujus cinnaberinus distribution patterns

In Slovenia, the first large-scale surveys of C. cinnaberinus started in 2008 (Vrezec 
et al. 2009) by searching for larvae under the bark of dead trees (Straka 2006, Vavra 
and Drozd 2006, Vrezec et al. 2012). From the sites from where no adult beetles 
were obtained, the larvae were taken to the laboratory and reared to verify species 
identification. The procedure of rearing larvae in the laboratory until they reached 
the adulthood was the same as described in Gutowski et al. (2014). From most of the 
sites, voucher specimens were preserved. Surveys were directed towards the areas from 
which historical data existed (Brelih 2001, Drovenik and Pirnat 2003) and towards the 
floodplain forests which were reported as the main C. cinnaberinus habitat in central 
Europe (Straka 2006, Horák et al. 2008, Schlaghamersky et al. 2008).

In the period 2008–2011, 944 geolocated data items (deadwood inspections and 
occasional findings) were collected. In 53 of those, C. cinnaberinus presence was con-
firmed, including lowland as well as montane populations. However, assessing the dis-
tribution range of rare and elusive species is difficult, especially when historical data are 
scarce, this usually being the case for species with a cryptic lifestyle due to past methodo-
logical and knowledge limitations. In saproxylic beetles, potential distribution models 
have proved to be an essential tool for species distribution assessments and for designing 
targeted field surveys (Thomaes et al. 2008, Ranius et al. 2011, Bosso et al. 2013).

In a previous study, this approach was applied to assess the potential distribution 
of C. cinnaberinus in the territory of Slovenia based on available data until 2011 as a 
guideline for a further large-scale field study (Vrezec et al. 2014). The data were used 
to construct spatial models by a machine learning process resulting in the assembly of 
a model based on 100 regression trees. From the model of potential habitat suitability, 
the theoretical distribution model for 0.70 and 0.50 probability of species occurrence 
(Figure 2) was extracted. On this basis, further surveys were designed focusing on the 
most promising areas for the species in the country between 2012 and 2016, taking 
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Figure 2. The theoretical distribution model of Cucujus cinnaberinus in Slovenia based on the sites with 
0.70 (black areas) and 0.50 (grey areas) probability of species occurrence according to the potential habitat 
suitability model based on the data set collected in the period 2009–2011 (Vrezec et al. 2014). The model 
was used as a guideline for a large-scale species survey in the period 2012–2016.

into account the whole territory of Slovenia with lowland and montane habitats. The 
technique of searching for larvae under the bark of dead trees was applied in all areas. 
The abundance index of the species was estimated as a percentage of inspected trees 
with confirmed C. cinnaberinus presence.

Microhabitat analysis

During field surveys, microhabitat characteristics of inspected dead tree trunks were re-
corded (i.e. tree species, diameter and length of the trunk). Although dead tree trunks 
were investigated throughout the whole of Slovenia, only the locations where C. cin-
naberinus presence was confirmed were included in further microhabitat analysis. To 
describe C. cinnaberinus host tree preferences, a modified version of Ivelev’s electivity 
index D (Jacobs 1974) was used. In further analysis, only trees with 25 or more ob-
servations were included (Alnus, Fraxinus, Populus, Quercus, Robinia, Salix and Tilia). 
For analysis of microhabitat data, a generalised linear model (GLM) with binomial 
error distribution was used (McCullagh and Nelder 1989). The independent variable 
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was the absence and presence of the larvae or imago of C. cinnaberinus under the bark 
of sampled trunks. The independent variables were tree species and the diameter and 
length of the inspected tree trunk. With the variable diameter of the sampled dead tree 
trunk, a nonlinear relationship was detected. Therefore, the quadratic variable of the 
diameter of the tree trunk was added to the model (Zuur et al. 2010). Furthermore, the 
variable was log + 1 transformed, because outliers were detected. Records with incom-
plete data for any of the variables were deleted. Model selection was performed on the 
basis of stepwise backwards selection using the χ2 test (McCullagh and Nelder 1989). 
When the variable did not significantly add to the model, the variable was dropped.

Macrohabitat analysis

For analysis of the macrohabitat of C. cinnaberinus, all collected geolocated field data 
in the period 2009–2016 were used and data points were described with variables 
of deadwood stock, altitude, amount of deciduous tree wood stock, canopy cover 
and solar radiation. The deadwood was sampled on 724 and 746 plots dispersed in a 
4 × 4 km2 grid over the whole of Slovenia by the Slovenian Forestry Institute in 2007 
and 2012, respectively (Slovenian Forestry Institute 2016).

To assess the variables at each C. cinnaberinus survey point, all the plots in a radius 
of 10 km around the survey point were taken into account. The deadwood stock (m3/
ha) per survey point was averaged over time and space within a 10 km radius. With 
this approach, a robust dataset for a longer period within 10 km of the location of the 
sampled tree trunk for C. cinnaberinus was created. The wood stock of deciduous trees 
(m3/ha) and the canopy cover for every sampling site were assessed at the stand level 
and obtained from the Slovenian Forest Service database (Slovenia Forest Service 2015).

The canopy cover was divided into four classes: dense canopy closure (canopy very 
dense, branches deformed), normal canopy closure (branches meet each other, branch-
es not deformed), sparse canopy closure (canopy very open, branches of neighbouring 
trees do not meet when windy) and patchy canopy closure (the gap may be one or more 
tree crowns) (Slovenia Forest Service 2015). The altitude and slope were extracted from 
the digital elevation model of Slovenia (Surveying and Mapping Authority of the Re-
public of Slovenia 2010). The annual solar radiation was obtained from GIS layers of 
annual solar radiation for the whole Slovenia (Zakšek et al. 2005, Kastelec et al. 2007).

For the analysis of macrohabitat selection, a GLM with binomial error distribution 
was used. The dependent variable was the presence and absence data of the larvae of C. 
cinnaberinus. The independent variables were slope, altitude, wood stock of deciduous 
trees, canopy cover, solar radiation and deadwood stock. The wood stock of coniferous 
trees was not included since it was the inverse of the wood stock of deciduous trees 
(Vrezec et al. 2014). The deadwood was transformed with a log + 1 transformation. 
The altitude and the amount of deciduous trees were transformed with a square root 
transformation. This was undertaken because outliers were detected. Model selection 
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was performed in a similar way to the microhabitat analysis. The analysis was done in 
the programme R (R Development Core Team 2011).

Results

Cucujus cinnaberinus distribution in Slovenia: the historical and recent situation

In total, 365 records of C. cinnaberinus were collected in Slovenia in the period from 
1763 to 2016. The majority of the records (96 %) were however found after the year 
2008, when a systematic survey involving the larval search method was initiated (Fig-
ure 3; Vrezec et al. 2009). All larvae reared in the laboratory to adult beetles were found 
to belong only to the C. cinnaberinus species. Recent surveys in higher-elevation mon-
tane and low-elevation floodplain forests revealed that the abundance of the species 
was much larger in the latter (χ2 = 32.6, df = 1, p < 0.001), with the bulk of the popu-
lation confined to lower elevations, although the species was found to be distributed in 
a large altitudinal span from 140–1095 m a.s.l. (Table 1, Figure 4).

In contrast, before 2008, the majority of the records were from high-elevation 
montane forests which is opposite to the recent situation (χ2 = 456.1, df = 1, p < 0.001; 
Table 1). Records before 2008 were all occasional findings of single adult beetles scat-
tered around Slovenia (Figure 5), but none of them originated from the recently identi-
fied large C. cinnaberinus population in floodplain forests alongside the large Slovenian 
rivers of the Mura, Drava and Sava (Figure 6). The species’ populations showed a maxi-
mum concentration and abundance of individuals in the eastern part of the country in 

Figure 3. Number of records of Cucujus cinnaberinus per period in Slovenia from 1763 to 2016 (N=365). 
The last century is subdivided into decades.
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Table 1. Proportion of records of Cucujus cinnaberinus in Slovenia found in two forest types in two time 
periods and occupancy rate of dead host trees in each forest type (only locations with confirmed species 
presence were included in the calculation of the occupancy rate).

Forest type 1916–2007
(N=6 records)

2008–2016
(N=354 records)

Occupancy rate: MIN–MAX (Median)
(N=904 inspected trees, 9 locations)

Higher-elevation 
montane forests 88 % 7 % 2.0–10.2 % (3.8 %)

Lower-elevation 
floodplain forests 12 % 93 % 9.6–45.5 % (12.6 %)

Figure 4. Altitudinal distribution of Cucujus cinnaberinus in Slovenia (N = 2132 inspected trees).

the lowlands, while its abundance and number of sites gradually decreased towards the 
western and mountainous part of Slovenia (Figure 6).

The oldest record for C. cinnaberinus in Slovenia was obtained in the period from 
1755 to 1763; the specific collection site was not reported (Scopoli 1763). Accord-
ing to historical and recent data of C. cinnaberinus within the territory of the former 
Duchy of Carniola, four regions of species occurrence can be identified (from west to 
east; Figure 7): the Branica River Valley, Mt. Snežnik, the Ribnica-Kočevje region and 
the lower Sava River by Brežice. Although Scopoli obtained zoological and botanical 
material from many parts of the former Duchy of Carniola, only a few sites overlap 
with the known records of C. cinnaberinus: the region of former Carniola Media, today 
the Ribnica-Kočevje region in southern Slovenia and Carniola Interior and the Branica 
River Valley in the western part of Slovenia (Figure 7). A review of historical and recent 
data showed that abundance was low in both areas, but much higher in the Ribnica- 
Kočevje region on the mountains of Velika Gora, Stojna, Kočevski Rog and Stružnica. 
From here, the species was reported at least twice in the 20th and 21st century and also 
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Figure 5. Distribution of historical records of Cucujus cinnaberinus in the period 1916–2002 in Slovenia 
before the introduction of the larval search method in 2008.

Figure 6. Results of a large-scale survey of Cucujus cinnaberinus in Slovenia conducted in the period 
2008–2016. Black dots are species occurrence records (N=354) and white dots are sites of inspected dead 
tree trunks without confirmation of the species (N=2013).
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Figure 7. The Duchy of Carniola with the estimated study area of J. A. Scopoli in the period 1755–1763 
(dark grey area) with all known historical and recent records of Cucujus cinnaberinus (black dots).

confirmed at seven sites in the large-scale survey in the period 2008–2016 in 10 % of 
all inspected trees in the region (Figure 6). In contrast, at the western location in the 
Branica River Valley, only one report from 2002 is known (Drovenik and Pirnat 2003) 
and the species was subsequently not found despite intensive surveys (N=239 inspected 
trees) in the period 2008–2016 (Figure 6). Mt. Snežnik produced a similar pattern, 
where C. cinnaberinus was only recently found in extremely low abundance in only 2 
% of inspected trees. In contrast, the species was recently found to be very abundant in 
poplar plantations around the lower Sava River near Brežice, with 45 % of inspected 
trees being occupied by C. cinnaberinus, there being no evidence that Scopoli obtained 
material from the easternmost part of Carniola. From the 19th century, only three speci-
mens of C. cinnaberinus were known to have been found in Slovenia and are preserved 
in the collection of F. J. Schmidt (PMSL), dating between 1819 and 1878, with no 
exact date and location specified. The first accurate records are from 1916 and 1918 
and were found in a montane forest near Planina pri Sevnici by Dr Arthur Hoschek von 
Mühlheim (coll. A. Gspan in PMSL). Until 2008, before the large-scale survey of the 
species, C. cinnaberinus was known from a total of eight locations and, in at least three 
of these locations, the species was not reconfirmed despite systematic inspection of dead 
tree trunks for larvae (Figure 5 and 6).
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Table 2. Host tree preferences of Cucujus cinnaberinus with the proportion of available trees, proportion 
of occupied trees and modified Ivelev’s electivity index (D). D>0 signifies host trees preferred by C. cin-
naberinus. (N=834 trees)

Host tree Proportion of available trees in 
the sample

Proportion of occupied trees in 
the sample D

Tilia 0.030 0.076 0.452
Robinia 0.073 0.118 0.256
Populus 0.237 0.328 0.220
Acer 0.013 0.017 0.122
Ulmus 0.023 0.025 0.052
Quercus 0.067 0.067 0.001
Salix 0.337 0.286 -0.119
Prunus 0.025 0.017 -0.203
Fraxinus 0.056 0.025 -0.396
Abies 0.020 0.008 -0.421
Alnus 0.097 0.034 -0.511
Fagus 0.011 0.000 -1.000
Betula 0.004 0.000 -1.000
Picea 0.004 0.000 -1.000
Pinus 0.002 0.000 -1.000

Microhabitat selection patterns

C. cinnaberinus was collected in 11 host tree genera, with Salix being the most frequently 
occupied host tree species and which was also the most frequent in the samples of all in-
spected trees. However, Tilia, Robinia and Populus were largely preferred and selected in 
a much larger proportion than were actually represented (Table 2). The model revealed 
that the host tree and the length and diameter of the inspected tree trunk were the most 
important variables explaining the probability of C. cinnaberinus presence (Table 3, Fig-

Table 3. Generalized Linear Model statistics of the best model for the microhabitat of Cucujus cinna-
berinus.

Variables Estimate Std. Error z value Pr (>|z|)
(Intercept) -5.57 0.86 -6.47 9.78E-11
Fraxinus 0.01 0.80 0.02 0.986
Populus 1.25 0.55 2.26 0.024
Quercus 0.54 0.68 0.80 0.424
Robinia 1.66 0.61 2.72 0.007
Salix 0.69 0.56 1.24 0.213
Tilia 2.00 0.68 2.95 0.003
Trunk length < 2 m -0.57 0.50 -1.15 0.250
Trunk length > 5 m 1.06 0.28 3.77 0.000
Diameter (cm) 0.69 0.22 3.19 0.001
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Figure 8. Predicted probability of occurrence of Cucujus cinnaberinus depending on the host tree and 
the diameter and length of the tree trunk. The solid line represents a tree length below 2 m, the dashed 
line represents trees between 2 and 5 meters long, and the stippled line represents trees longer than 5 m. 
The empty circles show the presence (1.0) and absence (0.0) of C. cinnaberinus in relation to diameter.
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ure 8). The AUC of the model was 0.74 and, therefore, the model explained a fair share 
of the gathered data. The host tree largely influenced C. cinnaberinus colonisation and 
was of high importance (ΔAIC to model without variables = 12.9). Longer dead tree 
trunks had a higher probability of being colonised by C. cinnaberinus and were of high 
importance (ΔAIC to model without variables = 31.4). Additionally, C. cinnaberinus 
showed a higher preference for trunks with a larger diameter.

Macrohabitat selection patterns

For the macrohabitat, the best model included altitude, the amount of deadwood and 
the openness of the canopy (Table 4, Figure 9). Elevation showed a significant nega-
tive relationship with the probability of C. cinnaberinus colonising a tree. Both the 
amount of deciduous trees and amount of deadwood had a positive effect on colonisa-
tion probability. Canopy openness in general showed an increasing probability from 
closed canopy to open canopy. The model had an AUC of 0.72 which showed that the 
model predicts a fair share of the observed data.

Discussion

This study revealed that, within the former Duchy of Carniola, where C. cinnaberinus 
was described for the first time (Scopoli 1763), there are at least four regions that 
may represent the species’ type locality. It is known however that J. A. Scopoli ob-
tained zoological and botanical material for his studies from only two of these regions 
(Petkovšek 1977, Baker 1999): the Branica River Valley near Vipava and the montane 
forests of the Ribnica-Kočevje region. The review of C. cinnaberinus records showed 
that the beetle was present in moderate abundance only in the Ribnica-Kočevje re-
gion in the past and recent records show a similar pattern. It is known that J. A. Sco-
poli himself visited the region around Ribnica several times, especially in the autumn 
when he collected mushrooms (Petkovšek 1977). Additionally, he obtained material, 

Table 4. Generalized Linear Model statistics of the best model for the macrohabitat of Cucujus cinnaberinus. 
Canopy closure classes were compared to the “dense canopy closure” class.

Variables Estimate Std. Error z value Pr (>|z|)
(Intercept) -3.36 0.82 -4.11 3.88E-05
Altitude -0.09 0.03 -3.51 0.00
Amount of deciduous trees 0.07 0.03 2.46 0.01
Amount of deadwood 0.28 0.13 2.16 0.03
Normal canopy closure -0.12 0.52 -0.24 0.81
Sparse canopy closure 0.73 0.50 1.47 0.14
Patchy canopy closure 0.92 0.53 1.72 0.09
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Figure 9. Predicted probability of occurrence of Cucujus cinnaberinus depending on altitude, amount of 
deciduous trees, amount of deadwood and openness of canopy cover. The solid line shows dense canopy 
closure; the dashed line shows normal canopy closure; the stippled line shows sparse canopy closure; the 
dashed-stippled line shows patchy canopy closure. Particular values were taken from altitude (median and 
maximum values) and amount of deadwood (minimum, median and maximum values) to emphasize the 
influence of different variables on each other and on the probability of colonization of tree trunks by C. 
cinnaberinus. The empty circles show the presence (1.0) and absence (0.0) of C. cinnaberinus in relation 
to the amount of deciduous trees.

predominantly plants, from the vicinity of Kočevje from a colleague Franz Xaver 
von Wulfen (Scopoli 1772, Petkovšek 1977). In his description of C. cinnaberinus, 
Scopoli (1763) noted “Octobri M. in Brassica oleracea capitata repertus & adlatus”, 
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meaning that “The species was found on a cabbage head and brought to him in mid 
October”. Since C. cinnaberinus is a strict saproxylic species living under the bark of 
dead trees and with a limited flight season in spring and also in autumn (Horák and 
Chobot 2011), it is argued that the discovery of the specimen on a cabbage plant sug-
gests only an occasional finding of a single specimen. It is very unlikely that such a 
finding would be recorded where the species is extremely rare such as in the Branica 
River Valley where only one record exists from 2002 and where the species was not 
confirmed again in later intensive surveys. The area is apparently the westernmost 
limit of the species distribution in SE Europe since there is no record known for the 
species further to the west in northern Italy (Horák and Chobot 2009, Brandmayr 
et al. 2016). Conversely, in the Ribnica-Kočevje region, C. cinnaberinus was reported 
in historical surveys (in 1930s and 1970s) as well as in recent surveys after 2008 at a 
moderate trunk occupancy rate of 10 %. Therefore, it is proposed that the Ribnica-
Kočevje region in southern Slovenia with Mts. Velika gora, Stojna, Kočevski Rog and 
Stružnica are the most probable type locality for C. cinnaberinus. Despite intensive 
field studies, no other Cucujus species has been recorded in Slovenia neither recently 
nor in the past and this may decrease the possibility of misinterpretation of Scopoli’s 
specimen as an identity of C. cinnaberinus.

Throughout the 19th and 20th century, C. cinnaberinus was considered as an ex-
tremely rare species in Slovenia with few known records and a similar pattern was 
suspected in other parts of Europe (see literature review in Horák et al. 2010). How-
ever, even large populations could have gone undetected due to the species’ elusive 
behaviour and sparse distribution or due to ineffective survey procedures (McDonald 
2004). The latter was particularly evident in C. cinnaberinus, with a dramatic recent 
increase in records after application of the larval search method and the pattern over 
the last century is remarkably similar in Slovenia as well as in other countries (Horák 
et al. 2010, Eckelt et al. 2014). Moreover, this type of data increase is expected in most 
of the beetle species listed in the Habitats Directive due to an increase in research after 
the Directive’s adoption (see Introduction for literature review). The results from this 
study and reports of new discoveries of C. cinnaberinus populations in many coun-
tries across Europe (see Introduction for literature review) are not in accordance with 
the interpretation of Horák et al. (2010) that rarity and species absence, especially in 
southern European countries, is a result of population extinctions or decline in the 
past, but rather it is a consequence of research deficiency and overlooked populations. 
A Europe-wide study evaluating the population status of C. cinnaberinus and taking 
into account abundance estimates and research efforts to reveal species distribution 
and its population strongholds is thus needed. It was confirmed that the observations 
of Horák et al. (2010) about species population strongholds being limited to lignicul-
tures and riparian forest stands including stands of fast growing invasive alien trees such 
as Black Locust (Robinia pseudoacacia) also hold true in southern Europe. Surprisingly, 
there were no historical records for C. cinnaberinus known from these sites in Slovenia 
which might support the hypothesis that the recent population expansion is due to a 
change in the structure of riparian forests due to intensifying poplar lignicultures and 
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spread of invasive non-native tree species (Horák et al. 2010, Eckelt et al. 2014, Fuchs et 
al. 2014, Hörren and Tolkiehn 2016). In Slovenia, this was particularly true in lowland 
floodplain forests, in which there was intensive poplar planting in the period from 
1960–1980 (Božič and Krajnc 2012) and rapid expansion of the Black Locust which 
regionally had already reached more than 6 % of the growing stock in the forests (Kut-
nar and Kobler 2013). Nevertheless, C. cinnaberinus was found in a wide altitudinal 
range from the lowlands up to 1095 m a.s.l. in Slovenia, up to 1400 m a.s.l. in Austria 
(Eckelt et al. 2014) and even above 1500 m a.s.l. in Albania (Kovács et al. 2012). The 
field study based, on a preliminary species distribution model, revealed that higher 
elevation montane forest stands could represent a significant part of the species’ dis-
tribution range by surface area, although, in these habitats, the species was much less 
abundant than in the lignicultures and riparian forests of the lowlands.

Due to low abundance, there have been few studies actually reporting the spe-
cies from montane habitats (e.g. Holzer and Friess 2001, Bussler 2002, Mazzei et al. 
2011, Kovács et al. 2012, Eckelt et al. 2014) and, therefore, a major part of the species’ 
distribution range has not been considered in conservation plans. More studies and 
conservation efforts for C. cinnaberinus are thus needed in montane and traditional 
forest habitats. Focusing only on current population strongholds found in poplar ligni-
cultures and even in invasive tree species stands in the lowlands might be a Trojan horse 
in C. cinnaberinus conservation efforts (Horák et al. 2010). The development of more 
efficient detection methods based on species pheromones or other semiochemicals that 
attract species would be helpful in further conservation studies (Larsson 2016), espe-
cially in sub-optimal but widespread species habitats.

In this study, low as well as high elevation habitats were included and, in both 
habitats, the amount of deadwood, amount of deciduous trees and degree of canopy 
openness was positively associated with C. cinnaberinus probability of occurrence, a 
fact which was in agreement with other studies on species habitat preference (Horák 
et al. 2010, Horák et al. 2011). Altitude had a negative effect on species distribution, 
meaning that, in stands with the same amount of deadwood, the species would be 
less abundant at higher elevations. A possible explanation could simply be macro-
physiological. In ectotherm species, a restricted optimal temperature window at higher 
altitudes in comparison with lower altitudes might play a decisive role in the species’ 
overall metabolic performance which is reflected in its life-history traits, including its 
reproduction and development rate (Gaston et al. 2009). Although the development 
cycle is still not well studied in C. cinnaberinus, Palm (1951) reported that larval de-
velopment should take at least two years. Nevertheless, the duration of larval develop-
ment could differ greatly between different climates, as shown for example in the stag 
beetle (Lucanus cervus), in which the duration of the larval stage can vary from 3 to 6 
years and even the number of larval instars can differ regionally (Harvey et al. 2011). 
C. cinnaberinus is a widespread species, ranging from boreal to warm temperate cli-
mates (Horák and Chobot 2009) and also has a wide altitudinal distribution as shown 
in this study. Its metabolic performance and life history traits might however change 
with latitude and altitude. Overall, it seems that the species’ optimal conditions are in 
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middle European lowlands in a warm temperate climate with hot and humid summers 
(Kottek et al. 2006, Horák et al. 2010). In Slovenia, such conditions are found only 
in the eastern part of the country, while the rest of the country is mountainous, which 
might be the reason for the lower C. cinnaberinus abundance. A second explanation for 
the effect of altitude could however be ecological, i.e. differences in habitat quality in 
lowland vs. montane forests. In future studies, the effects of climate conditions on C. 
cinnaberinus distribution patterns should be further examined, especially the effects of 
temperature and precipitation, to reveal their direct impacts on species life cycles and 
possible indirect impacts due to habitat structure alterations.

The size of the deadwood has been shown in this and other studies to be important 
for saproxylic beetles which prefer longer tree trunks with a larger diameter (Jonsson 
et al. 2005, Lindhe et al. 2005, Jonsell et al. 2007, Jonsell 2008). Although C. cinna-
berinus was found in a number of host tree species and tree species was not found to 
be an important predictor in species microhabitat selection in lowland forests (Horák 
et al. 2011), it was found that tree host species might be important in the overall 
microhabitat performance of C. cinnaberinus. In such opportunistic species, the avail-
ability of host tree species should play a crucial role in host selection, where the most 
abundant tree species in a particular forest stand is also the most frequently occupied. 
That was the case for Salix in our sample of inspected trees and for Pinus in Southern 
Italy (Mazzei et al. 2011).

On the other hand, preferred or optimal tree hosts that are selected in a larger pro-
portion than that available, could facilitate species establishment, population growth 
or even spread. Tilia, Populus and Robinia in particular, as tree species, were significant-
ly preferred by C. cinnaberinus. Various poplar species were frequently reported as host 
trees of C. cinnaberinus in lowlands as well as in higher elevation forests (Horák et al. 
2010, Eckelt et al. 2014, Marczak 2016). In this study, in addition to poplars, invasive 
Black Locust was found to be the preferred tree host in lowland forest. In addition to 
Robinia, other alien tree species, such as Aesculus and Ailanthus, were also reported as 
host trees in Austria, although at low frequencies (Eckelt et al. 2014).

The significant shift from native to invasive tree hosts revealed in this study indi-
cates the great adaptive potential of C. cinnaberinus, particularly for rapid growing and 
short-lived species which could produce larger quantities of deadwood mass over shorter 
periods. The increase in growing stock and consequently in the deadwood of preferred 
host tree species in lowland forest stands in Slovenia, especially of Populus and Robinia, 
started in the period from the 1960s onwards (Božič and Krajnc 2012, Kutnar and Kob-
ler 2013) and probably created optimal habitat conditions for C. cinnaberinus, resulting 
in an increase in its population and its eventual spread (Horák et al. 2010).

In contrast, there are no such conditions in montane forests where trees such as 
Fagus, Abies and Picea predominate in the growing stock (Marinček 1987) but were 
not found amongst the preferred species in this study or in those of others (Eckelt et 
al. 2014, Marczak 2016). On the other hand, Tilia, which is a preferred host tree in 
montane forests, has a low growing stock (<1 %) in the montane forests of Slovenia 
(Puncer 1980) and, therefore, the abundance and population size of C. cinnaberinus is 
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constrained in these stands. Montane C. cinnaberinus populations thus remain low and 
scattered despite the beetle also being found in other dominant tree species in these 
environments, including Fagus, Abies and Picea (Eckelt et al. 2014, this study).

Conclusions

In conclusion, this study presents new findings regarding the ecology of C. cinnaberi-
nus at the limit of its distribution in two types of species habitat that greatly differ in 
species abundance and overall ecological performance: lowland and montane forests. 
The study revealed the importance of montane forests for C. cinnaberinus conservation, 
although recent population strongholds are located in lowland riparian forests and 
lignicultures, these being a consequence of human-induced changes in forest structure 
due to poplar plantings and expansion of fast growing alien tree species.

To evaluate the future potential of C. cinnaberinus expansion and to define con-
servation management of existing populations, it is necessary to explore the impact of 
environmental factors that limit the species’ distribution, in particular climate (effects 
of environmental temperature and precipitation) and tree species structure in forest 
stands. Future environmental change scenarios (climate change, invasion of alien tree 
species) may cause C. cinnaberinus population decline in some regions as well as an 
increase and expansion in other regions of Europe due to the apparently high dispersal 
and colonisation capacity of the species (Horák et al. 2010).

Acknowledgements

Field surveys and research work were funded by several projects during the period 
2008–2017: Monitoring Programme of Natura 2000 beetle species in Slovenia (fund-
ed by the Ministry of the Environment and Spatial Planning), CRP project “Indicators 
of conservation status and measures for sustaining favourable conservation statuses of 
species and habitat types in the Natura 2000 forestlands–V4-1143” (funded by the 
Slovenian Research Agency and Ministry of Agriculture, Forestry and Food), Life+ 
project LIVEDRAVA (LIFE11 NAT/SI/882; lead partner DOPPS-BirdLife Slovenia), 
GoForMura (funded by EEA and Norway grants) and research core funding No. P1- 
0255 (funded by the Slovenian Research Agency). Philip Jan Nagel made linguistic 
corrections for the paper.

Special issue published with the contribution of the LIFE financial instrument of the 
European Union.



Cucujus cinnaberinus (Scopoli, 1763) at its terra typica in Slovenia: historical overview... 211

References

Baker DB (1999) The localities of J. A Scopoli’s Entomologia Carniolica (1763). Entomologists 
gazette 50: 188–198.

Bergman KO, Jansson N, Claesson K, Palmer MW, Milberg P (2012) How much and at 
what scale? Multiscale analyses as decision support for conservation of saproxylic oak 
beetles. Forest Ecology and Management 265: 133–141. https://doi.org/10.1016/j.
foreco.2011.10.030

Bonacci T, Mazzei A, Horák J, Brandmayr P (2012) Cucujus tulliae sp. n., an endemic Mediter-
ranean saproxylic beetle from genus Cucujus Fabricius, 1775 (Coleoptera, Cucujidae) and 
keys for identification of adults and larvae native to Europe. ZooKeys 212: 63–79. https:// 
doi.org/10.3897/zookeys.212.3254

Bosso L, Rebelo H, Garonna AP, Russo D (2013) Modelling geographic distribution and de-
tecting conservation gaps in Italy for the threatened beetle Rosalia alpina. Journal for Na-
ture Conservation 21: 72–80. https://doi.org/10.1016/j.jnc.2012.10.003

Božič G, Krajnc N (2012) Wood biomass production with fast growing trees on arable land in 
Slovenia. Folia biologica et geologica 53(1–2): 129–140.

Brandmayr P, Mazzei A, Bologna MA, Rovelli V, Zapparoli M (2016) Cucujus cinnaberinus 
(Scopoli, 1763). In Stoch F., Genovesi P (Eds) Manuali per il monitoraggio di specie e hab-
itat di interesse comunitario (Direttiva 92/43/CEE) in Italia: specie animali. Serie Manuali 
e linee guida, ISPRA: 70–71.

Brelih S (2001) Hrošči (Coleoptera). In Kryštufek B, Kotarac M (Eds) Raziskava razširjenosti 
evropsko pomembnih vrst v Sloveniji. Končno poročilo. Prirodoslovni muzej Slovenije, 
Ljubljana.

Brelih S, Drovenik B, Pirnat A (2006) Material for the Beetle Fauna (Coleoptera) of Slovenia. 
2nd contribution: Polyphaga: Chrysomeloidea (= Phytophaga): Cerambycidae. Scopolia 58: 
1–442. Bussler H (2002) Untersuchungen zur Faunistik und Ökologie von Cucujus cin-
naberinus (Scopoli 1763) in Bayern. NachrBl. bayer. Ent. 51: 42–60.

Bussler H, Müller J (2009) Vacuum cleaning for conservationists: a new method for inventory 
of Osmoderma eremita (Scopoli 1763) (Coleoptera: Scarabaeidae) and other inhabitants of 
hollow tree in Natura 2000 areas. Journal of Insect Conservation 13: 355–359. https://doi. 
org/10.1007/s10841-008-9171-4

Campanaro A, Zapponi L, Hardersen S, Méndez M, Fulaij A, Audisio N, Bardiani P, Car-
paneto M, Giuseppe M, Corezzola S, Della Rocca F, Harvey DJ, Hawes C, Kadej M, Karg 
J, Rink M, Smolis A, Sprecher E, Thomaes A, Toni I, Vrezec A, Zauli A, Zilioli M, Chiari 
S (2016) A European monitoring protocol for the stag beetle, a saproxylic flagship species. 
Insect Conservation and Diversity 9: 574–584. https://doi.org/10.1111/icad.12194

Carlsson S, Bergman KO, Jansson N, Ranius T, Milberg P (2016) Boxing for biodiversity: 
evaluation of an artificially created decaying wood habitat. Biodiversity and Conservation 
25(2): 393–405. https://doi.org/10.1007/s1053101610572

Carpaneto GM, Mazziotta A, Coletti G, Luiselli L, Audisio P (2010) Conflict between insect 
conservation and public safety: the case study of a saproxylic beetle (Osmoderma eremita) 

https://doi.org/10.1016/j.foreco.2011.10.030
https://doi.org/10.1016/j.foreco.2011.10.030
https://doi.org/10.1016/j.jnc.2012.10.003
https://doi
https://doi.org/10.1111/icad.12194
https://doi.org/10.1007/s1053101610572


Al Vrezec et al.  /  Nature Conservation 19: 191–217 (2017)212

in urban parks. Journal of Insect Conservation 14: 555–565. https://doi.org/10.1007/
s10841-010-9283-5

CECC (1992) Directive 92/43/EEC of 21 May 1992 on the Conservation of Natural Habitats 
and of Wild Fauna and Flora. http://eur-lex.europa.eu/

Chiari S, Bardiani M, Zauli A, Hardersen S, Mason F, Spada L, Campanaro A (2013) Moni-
toring of the saproxylic beetle Morimus asper (Sulzer, 1776) (Coleoptera: Cerambycidae) 
with freshly cut log piles. Journal of Insect Conservation 17(6):1255–1265. https://doi. 
org/10.1007/s10841-013-9606-4

Drovenik B, Pirnat A (2003) Strokovna izhodišča za vzpostavljanje omrežja Natura 2000, 
Hrošči (Coleoptera). Biološki inštitut Jovana Hadžija ZRC SAZU, Ljubljana.

Eckelt A, Paill W, Straka U (2014) Viel gesucht und oft gefunden. Der scharlachkäfer Cucujus 
cinnaberinus (Scopoli, 1763) und seine aktuelle verbreitung in Österreich. Wissenschaftli-
ches Jahrbuch der Tiroler Landesmuseen 7: 145–159.

Ferreira A, Planinšek Š (Eds) (2016) GoForMura: upravljanje gozdnih habitatnih tipov in vrst 
v izbranih območjih Natura 2000 ob Muri. Gozdarski inštitut Slovenije, Založba Silva 
Slovenica, Ljubljana.

Florjančič de Grienfeld ID (1744) Ducatus Carnioliae Tabula Chorographica, Jussu, 
Sumptúque Inclytorum Provinciae Statuum geometricè exhibita. Aeri Incisa Per Abrah. 
Kaltschmidt, Labaci.

Fuchs L, Callot H, Godinat G, Brustel H (2014) Cucujus cinnaberinus (Scopoli, 1763), new 
species for French fauna (Coleoptera Cucujidae). L’Entomologiste 70: 213–221.

Gaston KJ, Chown SL, Calosi P, Bernardo J, Bilton DT, Clarke A, Clusella-Trullas S, 
Ghalambor CK, Konarzewski M, Peck LS, Porter WP, Pörtner HO, Rezende EL, Schulte 
PM, Spicer JI, Stillman JH, Terblanche JS, van Kleunen M (2009) Macrophysiology: 
A Conceptual Reunification. The American Naturalist 174(5): 595–612. https://doi.
org/10.1086/605982

Gough LA, Birkemoe T, Sverdrup-Thygeson A (2014) Reactive forest management can also be 
proactive for woodliving beetles in hollow oak trees. Biological Conservation 180: 75–83. 
https://doi.org/10.1016/j.biocon.2014.09.034

Gouix N, Brustel H (2012) Emergence trap, a new method to survey Limoniscus violaceus 
(Coleoptera: Elateridae) from hollow trees. Biodiversity and conservation 21(2): 421–436. 
https://doi.org/10.1007/s10531-011-0190-1

Gutowski JM, Kadej M, Smolis A, Tarnawski D (2014) Identification of Larvae of Endangered 
Cucujus cinnaberinus and C. haematodes (Coleoptera: Cucujidae). Journal of Insect Science 
14(228): 1–7. https://doi.org/10.1093/jisesa/ieu090

Harvey DJ, Gange AC, Hawes CJ, Rink M, Abdehalden M, Fulaij NA, ASP T, Ballerio 
A, Bartolozzi L, Burstel H, Cammaerts R, Carpaneto GM, Cederberg B, Chobot K, 
Cianferoni F, Drumont A, Ellwanger G, Ferreira S, Gross-Silva JM, Gueorguiev B, Harvey 
W, Hendriks P, Istrate P, Jansson N, Šerić Jelaska L, Jendek E, Jović M, Kervyn T, Krenn 
HW, Kretschmer K, Legakis A, Lelo S, Moretti M, Merkl O, Palma RM, Neculiseanu Z, 
Rabitsch W, Rodriguez SM, Smit JT, Smith M, Sprecher-Uebersax E, Telnov D, Thomaes 
A, Thomsen PF, Tykarski P, Vrezec A, Werner S, Zach P (2011) Bionomics and distribution 

https://doi.org/10.1007/s10841-010-9283-5
https://doi.org/10.1007/s10841-010-9283-5
http://eur-lex.europa.eu/
https://doi
https://doi.org/10.1086/605982
https://doi.org/10.1086/605982
https://doi.org/10.1016/j.biocon.2014.09.034
https://doi.org/10.1007/s10531-011-0190-1
https://doi.org/10.1093/jisesa/ieu090


Cucujus cinnaberinus (Scopoli, 1763) at its terra typica in Slovenia: historical overview... 213

of the stag beetle, Lucanus cervus (L.) across Europe. Insect Conservation and Diversity 4: 
23–38. https://doi.org/10.1111/j.1752-4598.2010.00107.x

Holly M (2014) Cucujus cinnaberinus (SCOPOLI, 1763): new sites of the species in the Bieszc-
zady National Park and in the Bieszczady Mts. Parki nar. Rez. Przyr. 33(2): 73–75.

Holzer E, Friess T (2001) Inventory and protective measures for the beetles Cucujus cinnaberi-
nus Scop., Osmoderma eremita Scop., Lucanus cervus (L.) and Cerambyx cerdo L. (protected 
by the EC) within the Natura 2000 area of Feistritzklamm/Herberstein (Styria, Austria). 
Entomol. Austriaca 1: 11–14.

Hopkins GW, Thacker JI (2016) Protected species and development control: the merits of 
widespread invertebrate species in the European Habitats Directive and UK legislation. 
Insect Conservation and Diversity 9(4): 259–267. https://doi.org/10.1111/icad.12171

Horák J (2011) Contribution to knowledge of trophic preferences of the endangered saproxylic 
beetle Cucujus cinnaberinus (Coleoptera: Cucujidae) from eastern Bohemia. Acta Musei 
Reginaehradecensis 33: 127–130.

Horák J, Chobot K (2009) Worldwide distribution of saproxylic beetles of the genus Cucujus 
Fabricius, 1775 (Coleoptera: Cucujidae). In Buse J, Alexander KNA, Ranius T, Assmann 
T (Eds) Saproxylic Beetles – their role and diversity in European woodland and tree habi-
tats. Proceedings of the 5th Symposium and Workshop on the Conservation of Saproxylic 
Beetles. Pensoft Publishers, Sofia–Moscow: 189–206.

Horák J, Chobot K (2011) Phenology and notes on the behaviour of Cucujus cinnaberinus: 
points for understanding the conservation of the saproxylic beetle. North-Western Journal 
of Zoology 7(2): 352–355.

Horák J, Chobot K, Kohutka A, Gebauer R (2008) Possible factors influencing the distribu-
tion of a threatened saproxylic beetle Cucujus cinnaberinus (Scopoli 1763) (Coleoptera: 
Cucujidae). The Coleopterists Bulletin 62(3): 437–440. https://doi.org/10.1649/1119.1

Horák J, Mertlik J, Chobot K, Kuban V (2009) Distribution of a rare saproxylic beetle Cucujus 
haematodes (Coleoptera: Cucujidae) in the Czech Republic with notes to occurrence in 
central Europe. Klapalekiana 45: 191–197.

Horák J, Vavrova E, Chobot K (2010) Habitat preferences influencing populations, distribution 
and conservation of the endangered saproxylic beetle Cucujus cinnaberinus at the landscape 
level. European Journal of Entomology 107: 81–88. https://doi.org/10.14411/eje.2010.011

Horák J, Zaitsev AA, Vavrova, E (2011) Ecological requirements of a rare saproxylic beetle Cu-
cujus haematodes (Coleoptera: Cucujidae)–the beetles’ stronghold on the edge of its distri-
bution area. Insect Conservation and Diversity 4: 81–88. https://doi.org/10.1111/j.1752-
4598.2010.00102.x

Hörren T, Tolkiehn J (2016) Erster Nachweis von Cucujus cinnaberinus (Scopoli, 1763) in 
Schleswig-Holstein–eine FFH-Art erschließt sich Lebensräume in Norddeutschland (Co-
leoptera: Cucujidae). Entomologische Zeitschrift Schwanfeld 126(4): 208–2010.

Jacobs J (1974) Quantitative Measurement of Food Selection: A Modification of the Forage 
Ratio and Ivlev’s Electivity Index. Oecologia, 14 (4): 413–417. https://doi.org/10.1007/
BF00384581

Jonsell M (2008) Saproxylic beetle species in logging residues: which are they and which resi-
dues do they use? Norw. J. Entomol. 55: 109–122.

https://doi.org/10.1111/j.1752-4598.2010.00107.x
https://doi.org/10.1111/icad.12171
https://doi.org/10.1649/1119.1
https://doi.org/10.14411/eje.2010.011
https://doi.org/10.1111/j.1752-4598.2010.00102.x
https://doi.org/10.1111/j.1752-4598.2010.00102.x
https://doi.org/10.1007/BF00384581
https://doi.org/10.1007/BF00384581


Al Vrezec et al.  /  Nature Conservation 19: 191–217 (2017)214

Jonsell M, Hansson J, Wedmo L (2007) Diversity of saproxylic beetle species in logging resi-
dues in Sweden–Comparisons between tree species and diameters. Biological Conservation 
138: 89–99. https://doi.org/10.1016/j.biocon.2007.04.003

Jonsson BG, Kruys N, Ranius T (2005) Ecology of species living on deadwood–Lessons for 
deadwood management. Silva Fennica 39(2): 289–309. https://doi.org/10.14214/sf.390

Kastelec D, Rakovec J, Zakšek K, Medved S (2007) Sončna energija v Sloveniji. Založba ZRC, 
Ljubljana.

Kos M (1929) Postanek in razvoj Kranjske. Glasnik muzejskega društva za Slovenijo 10(1/4): 
21–39.

Kottek M, Grieser J, Beck C, Rudolf B, Rubel F (2006) World Map of the Köppen-Geiger 
climate classification updated. Meteorologische Zeitschrift 15(3): 259–263. https://doi. 
org/10.1127/0941-2948/2006/0130

Kovács T, Németh T, Merkl O (2012) Beetles new to Albania, Croatia and Serbia (Coleoptera: 
Elateridae, Cucujidae, Melandryidae, Cerambycidae). Folia Historico-naturalia Musei Ma-
traensis 36: 43–44.

Kutnar L, Kobler A (2013) The current distribution of Black Locust (Robinia pseudoacacia L.) 
in Slovenia and predictions for the future. Acta Silvae et Ligni 102: 21–30. https://doi. 
org/10.20315/ASetL.102.2

Larsson MC (2016) Pheromones and Other Semiochemicals for Monitoring Rare and En-
dangered Species. Journal of Chemical Ecology 42(9): 853–868. https://doi.org/10.1007/
s1088601607534

Le Gouar PJ, Dubois GF, Vignon V, Brustel H, Vernon P (2015) Demographic parameters of 
sexes in an elusive insect: implications for monitoring methods. Population Ecology 57(1): 
227–236. https://doi.org/10.1007/s1014401404532

Lindhe A, Lindelöw Å, Åsenblad N (2005) Saproxylic beetles in standing deadwood density in 
relation to substrate sun-exposure and diameter. Biodiversity and Conservation 14: 3033– 
3053. https://doi.org/10.1007/s10531-004-0314-y

Mainda T (2014) Nachweis des Scharlachkäfers Cucujus cinnaberinus (Scopoli, 1763) in Brandenburg 
(Coleoptera, Cucujidae). Entomolgische Nachtrichten und Berichte 58(3): 313–315.

Marczak D (2016) Cucujus cinnaberinus in Kampinos National Park and comments regard-
ing the species’ monitoring. Studia i Materiały CEPL w Rogowie R. 18, Zeszyt 49A (4): 
142–152.

Marinček L (1987) Bukovi gozdovi na Slovenskem. Delavska enotnost, Ljubljana.
Mazzei A, Bonacci T, Contarini E, Zetto T, Brandmayr P (2011) Rediscovering the ‘umbrella 

species’ candidate Cucujus cinnaberinus (Scopoli, 1763) in Southern Italy (Coleoptera Cu-
cujidae), and notes on bionomy. Italian Journal of Zoology 78: 264–270. https://doi.org/
10.1080/11250003.2010.485210

McCullagh P, Nelder JA (1989) Generalized Linear Models. In Advanced School and Confer-
ence on Statistics and Applied Probability in Life Sciences. Chapman and Hall, London: 
1–19. https://doi.org/10.1007/978-1-4899-3242-6

McDonald LL (2004) Sampling Rare Populations. In: Thompson WL (Ed.) Sampling Rare or 
Elusive Species: Concepts, Designs, and Techniques for Estimating Population Parameters. 
Island Press, Washington: 11–42.

https://doi.org/10.1016/j.biocon.2007.04.003
https://doi.org/10.14214/sf.390
https://doi
https://doi
https://doi.org/10.1007/s1088601607534
https://doi.org/10.1007/s1088601607534
https://doi.org/10.1007/s1014401404532
https://doi.org/10.1007/s10531-004-0314-y
https://doi.org/10.1080/11250003.2010.485210
https://doi.org/10.1080/11250003.2010.485210
https://doi.org/10.1007/978-1-4899-3242-6


Cucujus cinnaberinus (Scopoli, 1763) at its terra typica in Slovenia: historical overview... 215

Nieto A, Alexander K (2010) European Red List of Saproxylic Beetles. Publications Office of 
the European Union, Luxembourg.

Palm T (1951) Die Holz- und Rinden-Käfer der nordschwedischen Laubbäume. Medde-
landen från Statens skogsforskningsinstitut 40 (2), Swedish Institute for Forest Research, 
Stockholm.

Perko D, Orožen Adamič M (1998) Slovenija–pokrajine in ljudje. Mladinska knjiga, Ljubljana. 
Petkovšek V (1977) J. A. Scopoli, His Life and Activity in the Slovene Area. Dissertationes, 
Classis IV: Historia naturalis. Academia Scientiarum et Artium Slovenica, Ljubljana.

Pirnat A, Drovenik B (2004) Hrošči. Proteus 67(2/3): 79–88.
R Development Core Team (2011) R: A language and environment for statistical computing. 

R Foundation for Statistical Computing.
Puncer I (1980) Dinaric Fir-Beech Forests on the Territory of Kočevje. Dissertationes XXII/6, 

Class IV: Historia Naturalis, Academia Scientiarum et Artum Slovenica, Ljubljana.
Ranius T, Aguado LO, Antonsson K, Audisio P, Ballerio A, Carpaneto GM, Chobot K, Gjurašin 

B, Hanssen O, Huijbregts H, Lakatos F, Martin O, Neculiseanu ZZ, Nikitsky NB, Paill W, 
Pirnat A, Rizun VV, Ruicanescu A, Stegner J, Süda I, Szwalko P, Tamutis V, Telnov D, Tsink-
evich V, Versteirt V, Vignon V, Vögeli M, Zach P (2005) Osmoderma eremita (Coleoptera, 
Scarabaeidae, Cetoniinae) in Europe. Animal biodiversity and conservation 28(1): 1–44.

Ranius T, Johansson V, Fahrig L (2011) Predicting spatial occurrence of beetles and pseudoscor-
pions in hollow oaks in southeastern Sweden. Biodiversity Conservation 20: 2027–2040. 
https://doi.org/10.1007/s10531-011-0072-6

Røed KH, Birkemoe T, Sverdrup-Thygeson A, Horák J, Midthjell L, Leinaas HP (2014) Iso-
lation and characterization of ten microsatellite loci for the wood-living and threatened 
beetle Cucujus cinnaberinus (Coleoptera: Cucujidae). Conservation genetics resources 6(3): 
641–643. https://doi.org/10.1007/s12686-014-0164-1

Schlaghamersky J, Manak V, Čechovsky P (2008) On the mass occurrence of two rare saproxylic 
beetles, Cucujus cinnaberinus (Cucujidae) and Dircaea australis (Melandryidae), in south 
Moravian floodplain forests. Rev. Ecol. (Terre Vie) 63: 115–121.

Scopoli JA (1760) Flora Carniolica. Trattner, Vienna.
Scopoli JA (1763) Entomologia Carniolica: exhibens insecta Carnioliae indigena et distributa 

in ordines, genera, species, varietates: Methodo Linnaeana. Trattner, Vienna. https://doi. 
org/10.5962/bhl.title.119976

Scopoli JA (1772) Flora Carniolica. Trattner, Vienna.
Slovenia Forest Service (2015a) Poročilo Zavoda za gozdove Slovenije o gozdovih za leto 2008. 

Zavod za gozdove Slovenije, Ljubljana. http://www.zgs.si/fileadmin/zgs/main/img/PDF/ 
LETNA_POROCILA/2015_Porocilo_o_gozdovih.pdf

Slovenia Forest Service (2015b) Gozdni fondi – Forest resources 2015. Forest stand GIS data-
base. Slovenian Forest Service, Ljubljana.

Slovenian Forestry Institute (2016) Monitoring of forests and forest ecosystems - digital data-
base. Slovenian Forestry Institute, Ljubljana.

Straka U (2006) Zur Verbreitung und Ökologie des Scharlachkäfers Cucujus cinnaberinus 
(Scopoli, 1763) in den Donauauen des Tullner Feldes (Niederösterreich). Beiträge zur 
Entomofaunistik 7: 3–20.

https://doi.org/10.1007/s10531-011-0072-6
https://doi.org/10.1007/s12686-014-0164-1
https://doi
http://www.zgs.si/fileadmin/zgs/main/img/PDF/


Al Vrezec et al.  /  Nature Conservation 19: 191–217 (2017)216

Surveying and Mapping Authority of the Republic of Slovenia (2010) Slovenian digital 
elevation model 12,5 m resolution. In Surveying and Mapping Authority of the Republic 
of Slovenia), Ljubljana.

Šag M, Turić N, Vignjević G, Lauš B, Temunović M (2016) The first record of the rare and 
threatened saproxylic Coleoptera, Cucujus cinnaberinus (Scopoli, 1763), Rhysodes sulcatus 
(Fabricius, 1787) and Omoglymmius germari (Ganglbauer, 1891) in Kopački rit Nature 
Park. Nat. Croat. 25(2): 249–258. https://doi.org/10.20302/NC.2016.25.20

Štih P, Simoniti V, Vodopivec P (2008) A Slovene history: society - politics–culture. Besedilni 
podatki. Inštitut za novejšo zgodovino, Sistory, Ljubljana. http://sistory.si/publikacije/pdf/ 
zgodovina/Slovenska-zgodovina-ENG.pdf

Thomaes A, Kervyn T, Maes D (2008) Applying species distribution modelling for the 
conservation of the threatened saproxylic Stag Beetle (Lucanus cervus). Biological 
Conservation 141: 1400–1410. doi:10.1016/j.biocon.2008.03.018

Tovar AC, Baena M (2016) New or interesting Coleoptera for Asturias (Spain) (Insecta: Coleoptera: 
Scarabaeidae, Pyrochroidae, Cleridae & Cucujidae). Boletín de la SAE 26: 22–26.

Uradni list RS (2009) Pravilnik o varstvu gozdov. No. 114/09.
Uradni list RS (2016) Pravilnik o spremembah in dopolnitvah Pravilnika o varstvu gozdov. No. 

31/16.
Vavra J, Drozd P (2006) Metodika monitoringu evropsky významného druhu lesák rumělkový 

(Cucujus cinnaberinus). Agentura ochrany přirody a krajiny ČR, Praha.
Vrezec A, Ambrožič Š, Polak S, Pirnat A, Kapla A, Denac D (2009) Izvajanje spremljanja stanja 

populacij izbranih ciljnih vrst hroščev v letu 2008 in 2009 in zasnova spremljanja stanja 
populacij izbranih ciljnih vrst hroščev. Nacionalni inštitut za biologijo, Ljubljana.

Vrezec A, Pirnat A, Kapla A, Polak S, Vernik M, Brelih S, Drovenik B (2011) Status and knowl-
edge about beetles (Coleoptera) of European conservation importance in Slovenia with 
proposal of Slovenian nomenclature. Acta entomologica slovenica 19: 81–138.

Vrezec A, Ambrožič Š, Kapla A (2012) An overview of sampling methods tests for monitoring 
schemes of saproxylic beetles in the scope of Natura 2000 in Slovenia. In: Jurc M (Ed.) 
Saproxylic beetles in Europe: monitoring, biology and conservation. Studia forestalia, Sliva 
Slovenica 137: 73–90.

Vrezec A, de Groot M, Kobler A, Ambrožič Š, Kapla A (2014) Ecological characteristics of 
habitats and potential distribution of selected qualification species of beetles (Coleoptera) 
in the scope of Natura 2000 network in Slovenia: the first modelling approach. Gozdarski 
vestnik 72(10): 452–471.

Walentowski H, Schulze ED, Teodosiu M, Bouriaud O, von Heßberg A, Bußler H, Baldauf 
L, Schulze I, Wäldchen J, Böcker R, Herzog S, Schulze W (2013) Sustainable forest 
management of Natura 2000 sites: a case study from a private forest in the Romanian 
Southern Carpathians. Annals of Forest Research 56(1): 217–245.

Zakšek K, Podobnikar T, Oštir K (2005) Solar radiation modelling. Computers and Geoscienc-
es 31: 233–240. doi:10.1016/j.cageo.2004.09.018

Zuur AF, Ieno EN, Elphick CS (2010) A protocol for data exploration to avoid common 
statistical problems. Methods in Ecology and Evolution 1: 3–14. https://doi.org/10.1111/
j.2041-210X.2009.00001.x

https://doi.org/10.20302/NC.2016.25.20
http://sistory.si/publikacije/pdf/
https://doi.org/10.1016/j.biocon.2008.03.018
https://doi.org/10.1016/j.cageo.2004.09.018
https://doi.org/10.1111/j.2041-210X.2009.00001.x
https://doi.org/10.1111/j.2041-210X.2009.00001.x


Cucujus cinnaberinus (Scopoli, 1763) at its terra typica in Slovenia: historical overview... 217

Appendix

Table S1. Overview of the number of published research papers considering at least one of the 21 sap-
roxylic beetle species of European conservation concern and listed on the Web of Science up to the year 
2017. Specifically, the number of papers targeting certain species and the number of papers dealing with 
ecological, monitoring and conservation aspects of the species is given.

Species
Total no. 
papers

Species targeted 
papers

Ecology, 
Monitoring, 
Conservation

Ecology, Monitoring, 
Conservation – species targeted

Osmoderma eremita 68 36 61 32
Morimus funereus 50 46 5 3
Lucanus cervus 32 21 19 13
Rosalia alpina 17 14 14 11
Cucujus cinnaberinus 13 7 10 5
Cerambyx cerdo 12 9 7 4
Limoniscus violaceus 9 3 9 3
Pytho kolwensis 5 1 3 1
Boros schneideri 4 3 4 3
Mesosa myops 4 3 2 1
Stephanopachys substriatus 2 0 2 0
Rhysodes sulcatus 2 0 1 0
Agathidium pulchellum 1 1 1 1
Buprestis splendens 1 0 1 0
Phryganophilus ruficollis 1 0 1 0
Stephanopachys linearis 1 0 1 0
Xyletinus tremulicola 1 1 1 1
Propomacrus cypriacus 1 0 0 0
Corticaria planula 0 0 0 0
Oxyporus mannerheimii 0 0 0 0
Pseudogaurotina excellens 0 0 0 0
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