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Large-diameter trees are particularly valuable, as they pro-
vide more stable microclimatic conditions, higher wood 
volume, and longer-lasting resources (Jurc, 2004; Ranius, 
2002).

Among saproxylic beetles, longhorn beetles (Ceramby-
cidae) include several fl agship species with high conserva-
tion relevance. Two of these are the Alpine longhorn beetle 
Rosalia alpina (Linnaeus, 1758) and the beech longhorn 
beetle Morimus asper funereus (Mulsant, 1863). R. alpina 
is a priority species listed in Annex II of the EU Habitats 
Directive (Council of Europe, 1992) and included in the 
IUCN European Red List of saproxylic beetles (Cálix et al., 
2018), with populations declining across much of its range 
due to habitat loss and fragmentation. It primarily devel-
ops in sun-exposed dead or dying beech trees, and adults 
are capable fl yers frequently observed on large trunks dur-
ing summer (Drag et al., 2011; Russo et al., 2011). M. a. 
funereus is closely associated with large, decaying beech 
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Abstract. Saproxylic beetles are among the most important forest invertebrates associated with dead and decaying wood, yet 
many species are threatened by the loss of old-growth forest structures. We investigated the microhabitat use, demography and 
dispersal of two saproxylic longhorn beetles, Rosalia alpina (Linnaeus 1758) and Morimus asper funereus Mulsant 1863, in a 
system of 12 habitat patches within a forest reserve in Triglav National Park, Slovenia. We examined 30 potentially suitable trees 
and marked 68 individuals of M. a. funereus and 37 individuals of R. alpina. Generalised linear mixed models showed contrasting 
habitat preferences between the two species. M. a. funereus strongly preferred standing, dying beech (Fagus sylvatica) trees with 
large diameters, whereas R. alpina showed no signifi cant preference for any studied tree category and displayed a patchy distribu-
tion. These patterns suggest ecological niche diff erentiation and possible resource partitioning between the species. The best-fi t 
POPAN open population model (φtlin ptlin btlin+tlin2) estimated the population size of M. a. funereus at 144 individuals (95% confi dence 
interval 88–199), with high but gradually declining survival and peak recruitment in early August. For R. alpina, a population size 
estimate was not possible due to sparse recaptures; however, an extensive area of contiguous beech forest near the study area 
extends the suitable habitat for both species. M. a. funereus made predominantly short-distance movements (maximum 34 m), 
whereas R. alpina undertook less frequent but substantially longer movements (maximum 457 m), indicating greater dispersal 
ability. Our results highlight the importance of structurally diverse old beech forests with abundant dead and dying trees for the 
persistence of both species and suggest that diff erences in habitat use and mobility may reduce direct competition in sympatry.
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INTRODUCTION

Old, dying, and dead trees represent key structural el-
ements of mature forest ecosystems, providing essential 
habitats for a wide range of organisms, particularly saprox-
ylic species (Dudley & Vallauri, 2004). Their availability 
has declined markedly in European forests due to intensive 
management practices such as logging and deadwood re-
moval (Dudley & Vallauri, 2004; Müller et al., 2008). In 
temperate forests, large old-growth beech trees (Fagus syl-
vatica) are especially important, supporting diverse assem-
blages of saproxylic insects and fungi (Jurc, 2004, 2012). 
Saproxylic insects depend on dead or dying wood for part 
of their life cycle, using it for larval development, shel-
ter, or reproduction (Speight, 1989; Stokland et al., 2012). 
Many species are specialised to particular decay stages, 
tree sizes, or microhabitat conditions such as sun expo-
sure and tree position (standing vs. fallen), making them 
sensitive to changes in forest structure and management. 
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Field work
In 2020, we actively searched for M. a. funereus and R. alpina 

beetles during 13 sampling sessions from 7 July to 9 September 
at reasonably regular intervals (once or twice a week) in sunny 
and warm weather (air temperature > 20ºC) from 10 am to 4 pm 
regional time. We tried to adapt the frequency of sampling to the 
species studied, but weather conditions and the remoteness of 
the study sites also played an important role in the frequency of 
sampling. Since adults of M. a. funereus have a long life span 
(i.e. two years with an intermediate diapause: Drovenik & Pirnat, 
2003; the whole life cycle lasts 3–4 years: Stanić et al., 1985; 
Luce, 1996), the time interval was well adapted to this species. 
However, the short average lifespan of R. alpina (up to 7 days; 
maximum lifespan: 15 and 35 days for females and males, re-
spectively – Campanaro et al., 2017; the entire life cycle lasts 
at least 3 years, Drag et al., 2011) with its high dispersal ability 
(up to 1.6 km; Drag et al., 2011) could aff ect the effi  ciency of 
sampling. The average sampling interval (AVG ± SD = 5.33 ± 
1.78 days) in our study was shorter than the maximum and aver-
age lifespan of R. alpina, so sampling effi  ciency was considered 
suffi  cient. We mainly searched for beetles on selected trees and 
stumps, as dead or freshly cut wood attracts xylophages, such as 
the two target species (Vrezec et al., 2008, 2009). Sampling ef-
fort was consistent: the same two people actively searched for 
beetles on each tree or stump for 10 min. We marked each animal 
found with a unique number on the left elytron, using permanent 
marker. We chose this approach to allow quick identifi cation in 
the fi eld. For each capture, we noted the sex of the animals, pos-
sible injuries to the antennae (only for live captures), and released 
them undamaged in the same place. We recorded the date and 
GPS coordinates (GPSMAP 66S; accuracy 3 m) for each initial 
or follow-up capture of each individual. Finally, the following 
parameters of the inspected sites and trees were recorded: lo-
cation (site plots I–XII), altitude, exact GPS coordinates, trunk 
condition (dead versus dying = d amaged and decaying conditions 
merged together due to scarce data), trunk position (fallen versus 
standing), trunk diameter at breast height, and sunlight exposure 
of the site and trunk.

Data analysis
Field observations were used to derive categorical predictors 

for subsequent analyses. Trunk diameter was classifi ed into width 
categories based on diameter at breast height (DBH: 1 = 30–59 
cm, 2 = 60–89 cm, 3 = 90–119 cm). Trunk illumination was cat-
egorised according to estimated sunlight exposure (in % of sun-
light: 1 = < 50%, 2 = 50–69%, 3 ≥ 70%). Site illumination was 
classifi ed as either predominantly shaded or predominantly sun-
exposed (Table S1). Categorical variables, trunk width category 
and trunk illumination category, were used as numeric variables 
and centred and scaled prior to analysis. Due to the number of 
observations and the distance between sampling plots, we used 
location (coded as study plots) as a single explanatory variable 
rather than including longitude, latitude (both at plot and tree 
levels), altitude, or plot illumination status. Location and the re-
maining variables (trunk condition, trunk position, trunk width 
category, and trunk illumination category) were tested for mul-
ticollinearity using generalised variance infl ation factors (GVIF; 
threshold = 2), as some predictors were categorical and others 
numeric (package car, Fox & Weisberg, 2019). 

Abundance patterns for each species (all captures were includ-
ed in the analysis) were modelled using zero-infl ated negative 
binomial generalised linear mixed models (ZINB GLMMs) to ac-
count for overdispersion and excess zeros, with trunk condition, 
trunk position, centred trunk width category and centred trunk 

trees and, while not listed in Annex II, is of high conserva-
tion concern in Europe (Solano et al., 2013; Danilevsky, 
2022). Despite overlapping associations with large beech 
trees and decaying wood, ecological data on these two spe-
cies remain incomplete and are often restricted to single 
biogeographical regions (e.g. R. alpina: habitat preferences 
– Russo et al., 2011;  Fernández-García et al., 2023; de-
mography and movements – Drag et al., 2011; M. asper/
funereus: overview of ecology and ethology – Hardersen 
et al., 2017; ha bitat suitability – Kostova et al., 2023). In 
particular, little is known about their fi ne-scale microhabi-
tat preferences when occurring sympatrically, or about po-
tential interspecifi c interactions arising from shared use of 
limited woody resources. Such interactions may be espe-
cially relevant in managed forests, where suitable large-
diameter trees are scarce and spatially aggregated.

In this study, we investigated local populations of R. al-
pina and M. a. funereus in a forest reserve within Triglav 
National Park (Slovenia, Alpine biogeographical region). 
Using one-season fi eld data from 12 suitable habitat patch-
es, we focused on (i) patterns of occurrence in relation to 
tree characteristics as a measure of habitat preference, (ii) 
potential interspecifi c interactions arising from shared use 
of large-diameter trees, and (iii) baseline observations of 
demographic parameters.

MATERIAL AND METHODS
Stud y area and study plots

The study was conducted in the Lemovje forest reserve and ad-
jacent protection forest in Triglav National Park, Slovenia. These 
forests are managed only minimally, with natural succession 
largely intact, and predominantly beech (Fagus sylvatica; > 70% 
of standing wood). The whole study area was thoroughly surveyed 
at the beginning of the study to identify suitable trees. Twelve 
habitat patches (HP I–XII, Fig. 1), each representing a study plot, 
were established between 926 and 1004 m above sea level (Table 
S1). Selection was based on the presence of at least one poten-
tially suitable beech tree per plot (up to fi ve, altogether 30 trees; 
see Table S1). Each plot was then spatially centred around these 
focal trees, which represented diff erent stages of decay (hereafter 
referred to as “trunk condition”): (1) damaged: living tree with 
healthy leaves, mostly intact bark, and active cambium, though 
some minor visible damage (small broken branches, superfi cial 
bark injuries) may be present; (2) decaying: tree showing early 
to moderate signs of decay (partial leaf loss, some dead branches, 
bark loss, or cambium partially inactive); microhabitat structures 
may start to form (e.g. cavities, broken branches); (3) dead: tree 
with no living leaves and inactive cambium. Trunk, branches, or 
stumps may be partially or fully decayed, often with cavities, bro-
ken branches, or bark loss, providing microhabitats for saproxylic 
beetles. This includes stand ing, fallen dead trees, and stumps. 

Plot coordinates and altitudes (Table S1), and coordinates of 
the inspected trees were recorded using a GPS (GPSMAP 66S, 
± 3 m). The 12 habitat patches were arranged in a west to east 
direction, and distributed within an area of approximately 4.2 ha 
(42,000 m2), based on the coordinates of habitat patch centres; 
maximum east–west extent ca. 680 m. Each plot measured ap-
proximately 2500 m2, with a radius between 25 and 30 m. Dis-
tances among plots ranged from 30 to 680 m, with an average of 
79.6 ± 28.6 m. 
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illumination category as fi xed eff ects and location and date as ran-
dom. Zero-infl ation was modelled with ~1 to account for structur-
al zeros. Potential interspecifi c competition was evaluated using 
binomial GLMMs with the presence of one species as a predictor 
of the other, controlling for the same trunk characteristics and 
random eff ects structure. Model assumptions were verifi ed using 
DHARMa (Hartig, 2025) simulation-based residual diagnostics. 
This framework allowed us to assess microhabitat preferences 
and potential interspecifi c interactions between M. a. funereus 
and R. alpina, while acknowledging the limitations imposed by 
sample size and the fi eld design. We also tested whether the eff ect 
of trunk width on M. a. funereus abundance diff ered among trunk 
conditions by including a trunk condition × trunk width interac-
tion term in the model. All statistical modelling and plotting were 
performed in R version 4.3.2 (R Core Team, 2024) and run in 
RStudio 2025.9.1.401 (Posit Team, 2025) using the glmmTMB 
(Brooks et al, 2017), MuMln (Bartoń, 2025), DHARMa (Har-
tig, 2025), ggeff ects (Lüdecke, 2018), and ggplot2 (Wickham, 
2016) packages.

To estimate demographic parameters and population size, we 
tested closed and open population approaches in the program 
MARK 9.0 (White & Burnham, 1999) in the modules “Closed 
captures”, “Cormack-Jolly-Seber” (CJS) and “POPAN” (Sander-
cock, 2020). However, we discarded closed population models 
due to a possible violation of closure (e.g. new individuals enter-
ing the population represented by births or other incoming indi-
viduals from other populations) and used only open population 
models (Chiari et al., 2013). We modelled the demographic pa-
rameters for the entire population of M. a. funereus (both sexes 
together). The individual marking of the beetles allowed us to cre-
ate individual encounter histories (presence of the animal coded 
as “1” and absence as “0”), which were organised in the input fi le 
(.inp) and analysed in MARK. The “POPAN” formulation was 
used to model the demographic parameters of survival (φ), prob-
ability of capture (p) and recruitment rate (b), resulting in an esti-
mate of the total population size (N). For the survival and capture 
probability parameters, we used three diff erent parameterisations 
so that they could be constant (.), time-dependent (t) or with a 
linear trend (tlin), while we modelled recruitment in three diff er-
ent structures: as (t), (tlin) or (tlin + tlin2), resulting in 27 diff erent 
models. To estimate the goodness-of-fi t of the global model (φt 
pt), we performed the median c-hat test within the “CJS” module 

and used the resulting estimate to correct for overdispersion in the 
POPAN analysis. We then selected the best model according to 
the Akaike Information Criterion corrected for small sample size 
(AICc) (Burnham & Anderson, 2002), considering models with 
an AICc < 2. Given the sparse data on captured and especially 
recaptured individuals of R. alpina, the high mortality observed 
(see Table S2), and their predicted mobility, we were unable to 
model population size. We calculated the distances between suc-
cessive captures of all animals that were recaptured at least once. 
The range of recorded distances was reported for both species. 
Movements were analysed in Excel 2016.

RESULTS

Within the system of 12 potentially suitable study plots 
(HP I–XII, Fig. 1), a total of 30 trees were examined for the 
presence of M. a. funereus and R. alpina. A total of 28 trees 
with diff erent trunk conditions were occupied either by M. 
a. funereus (n = 18), R. alpina (n = 16) or both species (n 
= 6). In fi ve study plots (I, VII–X), only one suitable tree 
was found, while in the other plots 2–5 suitable standing or 
fallen trees or their stumps were recorded (Table S1).

A total of 68 individuals (30 males and 38 females: 
44.1% and 55.9%, respectively; 3 dead animals included) 
of M. a. funereus were found during 12 successful sam-
pling sessions from 7 July to 4 September in 8 habitat 
patches (Tables S2 and S3). Most of them (88.2%) were 
found in plots XI (n = 34 individuals / 47 captures), XII (n 
= 13 / 17) and V (n = 13 / 16). No animals were found in 
plots VI–IX (Fig. 1). A total of 37 individuals of R. alpina 
were found in 8 habitat patches during 10 successful sam-
pling occasions from 20 July to 9 September (Table S2). 
Out of 27 individuals found alive on the fi rst capture, there 
were 18 (66.7%) males, and 9 (33.3%) females; a further 
10 individuals (all on the last 3 occasions) were found dead 
on fi rst capture and their sex was unidentifi able (Table S3). 
Most animals (83.7%) were found in plots XI (n = 10 indi-
viduals / 13 captures), XII (n = 10 / 10), V (n = 6 / 6), and 
VI (n = 5 / 6). No animals were found in plots I, VII, IX 
and X (Fig. 1).

Fig. 1. Spatial distribution of captures of (a) Morimus asper funereus and (b) Rosalia alpina in the Lemovje forest reserve, Triglav National 
Park (TNP). The study area is indicated on the map of Slovenia (□). Sampling plots (ellipses, not to scale) are labelled with Roman numer-
als I–XII.
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In total, we collected 377 trunk-by-date observations. 
R. alpina was recorded 35 times, while M. a. funereus 
was recorded 46 times. All abundance pattern models met 
model assumptions, with no evidence of overdispersion, 
unexpected zero infl ation, or non-random residual patterns. 
The model for R. alpina showed no strong predictors: there 
was a slight positive trend for trunk width category and a 
slight negative trend for standing trunks, but neither was 
signifi cant (p > 0.05), indicating that R. alpina presence 
was patchy and mostly driven by location and date. In con-
trast, the model for M. a. funereus showed a strong prefer-
ence for dying trunks (1.268 ± 0.477, p = 0.008) and for 
standing trunks (1.916 ± 0.860, p = 0.026; Fig. 2A). Trunk 
width category showed a marginal positive eff ect (0.404 ± 
0.214, p = 0.059), while trunk illumination category had no 
detectable infl uence. The test of the model with the interac-
tion of trunk condition × trunk width was signifi cant for M. 
a. funereus (χ² = 6.064, df = 1, p = 0.014), indicating that 
the increase in its abundance with trunk width was stronger 
on dying trunks than on dead trunks (Fig. 2A). No signifi -
cant interaction was detected for R. alpina, consistent with 
its patchy presence. Mean M. a. funereus abundance and 
R. alpina presence proportion across trunk conditions and 
positions (Fig. 2B) illustrate their diff ering ecological pref-
erences.

For the purposes of demographic modelling of M. a. 
funereus, we combined the last two successful sampling 
occasions (11th and 12th occasions: only 2 females and 1 
male, respectively) into a single occasion, resulting in 11 
occasions. The median c-hat test showed an overdispersion 
of the data with a c-hat = 1.35, which was used to correct 
the results in the POPAN analysis. Only one model was 
selected as best-fi t, namely φtlin ptlin btlin+tlin2, with 8 param-
eters, while all other models had a ΔAICc of 3.6 or higher. 
Survival was high, but followed a linear downward trend, 
ranging from 0.975 (95% confi dence interval 0.902–0.994) 
to 0.884 (95% CI 0.793–0.939) (see Table S4). Capture 
probability increased with a linear trend from 0.102 (95% 
CI 0.048–0.206) to 0.377 (95% CI 0.158–0.660) (Table 
S4); recruitment rate followed a parabola, with the highest 
recruitment recorded between 31 July and 6 August (sam-
pling occasions 6 and 7) at 0.324 (95% CI 0.132–0.603) 
(Table S4). The total population size was estimated at 144 
animals (95% CI 88–199). In total, 18 movements were 
recorded in males and 9 in females, with 92.6% of move-
ments shorter than 3 m, i.e. the beetles stayed  on the same 
tree. The maximum observed distance was 12 m in males 
and 34 m in females.

Out of 27 captures of live R. alpina, only 6 males were 
recaptured once (3 of which were dead recaptures), while 
females were not recaptured at all (Table S3). In addition, 
the 10 specimens that were found dead were clearly not 
previously marked. The distances between the three live 
recaptures were 5 m, 137 m and 215 m; for the additional 
three dead recaptured males the distances were 1 m, 2 m 
and 457 m.

DISCUSSION

In this study, we have demonstrated the importance of 
old beech forests with an abundance of dead, decaying or 
damaged trees and stumps for both beetle species. This 
tree species has already been described as very impor-
tant for many saproxylic beetles, including both species 
in this study (Jurc et al., 2008; Leonarduzzi et al., 2017). 
The study area lies within the limits of the altitudinal dis-
tribution of the studied saproxylic beetles in Slovenia (R. 
alpina: 560–1540 m, Brelih et al., 2006; M. a. funereus: 
150–1250 m, Vrezec et al., 2010). The s imple method of 
inspecting dead and damaged trees in this area proved to 
be effi  cient, at least for M. a. funereus (see Vrezec et al., 
2011; Rossi de Gasperis et al., 2016). However, a higher 
sampling frequency would result in a greater number of 
captures and perhaps allow detailed analyses of ecological 
and demographic parameters for both species (Sandercock, 
2020).

We found a diff erence in the colonisation of diff erent tree 
types between the two species. M. a. funereus showed a 
preference for still standing dying trees with wider trunks, 
while none of these microhabitat features proved to be sig-
nifi cantly favoured by R. alpina. This suggests that M. a. 
funereus responds more strongly to combined habitat fea-
tures, while R. alpina is less specialised, reinforcing the 
observation of distinct habitat preferences and reduced 

Fig. 2. Habitat use and interaction of Rosalia alpina and Mori-
mus asper funereus. (A) Predicted abundance of M. a. funereus 
showing the interaction between trunk condition and trunk width 
categories. Lines indicate model predictions with 95% confi dence 
intervals. M. a. funereus prefers dying trees and wider trunks, while 
illumination has no eff ect. (B) Presence proportion of M. a. funere-
us and Rosalia alpina (bars) across trunk conditions and positions. 
Bars are grouped by trunk condition.
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direct competition. In contrast to our observations, Russo 
et al. (2011) reported that R. alpina prefers decaying but 
still standing trees with a sparser canopy, thicker bark, but 
not yet much undergrowth. For M. a. funereus, several 
studies showed confl icting ecological preferences; Polak 
(2012) reported avoidance of old, dry and barkless trees 
as well as older stumps (see also Romero-Samper & Ba-
hillo, 1993; Drovenik & Pirnat, 2003; Chiari et al., 2013), 
whereas others have found no clear preference towards dif-
ferent tree categories (Campanaro et al., 2011; Bărbuceanu 
et al., 2015). However, spatial and ecological diff erences 
throughout the species’ distribution area may play an im-
portant role in shaping specifi c local adaptations.

It should also be emphasised that diff erent tree types may 
be favoured for diff erent life functions of the two species. 
In the case of M. a. funereus, we often observed the pres-
ence of several beetles on larger, dying but still standing 
trees, where females can fi nd suitable sites for oviposition 
(see Campanaro et al., 2011; Kariyanna et al., 2017), as 
such trunks may provide a more permanent habitat with 
suffi  cient food for their long development and better in-
sulation from the decay conditions typical of forests with 
many dead trees (Jurc, 2004; Campanaro et al., 2011). 
Dead trees were rarely occupied by M. a. funereus; how-
ever, these were previously reported to be used by males 
as mating sites (Hardersen et al., 2017). Russo et al. (2011) 
reported that R. alpina could occupy a wide range of trees 
of diff erent thicknesses, while Chiari et al. (2013) observed 
a higher probability of fi nding adult M. asper with increas-
ing wood volume. While we found more animals on trees 
with larger diameters, the increased abundance with trunk 
diameter was pronounced in M. a. funereus (p = 0.059), 
but less evident in R. alpina, corroborating previous stud-
ies (Russo et al., 2011; Chiari et al., 2013). 

Rare observations of both species at the beginning and 
end of the study period indicated most of the season was 
successfully covered. The rapid decline in abundance at the 
end of the season (Table S2) can be attributed to heavy 
rainfall (at some sites in the Julian Alps > 200 mm of pre-
cipitation on 29 and 30 August), which was accompanied 
by a substantial drop in temperature at the end of August 
2020 (Cegnar, 2020). In this area, M. a. funereus appears 
to be more abundant than R. alpina. While a demographic 
analysis for M. a. funereus and a ranking of diff erently 
probable open population models were possible, we were 
unable to apply such models to the population of R. alpina, 
due to its low recapture rate and many dead animals (both 
marked and unmarked) found at the end of the study pe-
riod, further supporting an open population. M. a. funereus 
exhibited a relatively high survival rate during the study 
period and a robust capture probability. An increase in the 
recruitment rate in early August can be attributed to the 
emergence of newly hatched adult beetles (Stanić et al., 
1985; Polak, 2012). The MRR analysis estimated the adult 
population size at 144 adult individuals; however, at the 
time of the study a large part of the population was in the 
juvenile developmental stage, contributing to a signifi cant 
increase in the total population size (cf. Drag et al., 2011). 

The relatively high apparent survival estimated for M. a. 
funereus is consistent with its limited dispersal ability due 
to its inability to fl y (Drovenik & Pirnat, 2003; Rossi de 
Gasperis et al., 2016; Monné et al., 2017) and the high 
availability of suitable habitat within the forest reserve. 
Because apparent survival refl ects both true survival and 
site fi delity, and cannot distinguish mortality from perma-
nent emigration (White & Burnham, 1999), the observed 
values may refl ect both favourable habitat conditions and 
reduced permanent emigration. Conversely, the lower re-
capture rate of R. alpina is more likely explained by its 
greater mobility and broader use of the surrounding forest 
than by lower survival alone (Drag et al., 2011). These con-
trasting demographic patterns therefore appear to refl ect 
diff erences in life-history strategy rather than diff erences 
in habitat quality.

As some males of M. a. funereus display territorial be-
haviour (Polak, 2012) and stay on the same suitable tree 
for a long time, this is also refl ected in their movements, 
which can be numerous and short in males, but much 
longer and less numerous in females (cf. Rossi de Gasp-
eris et al., 2016). Since females of this species mate with 
several males during the season (Polak, 2012), they fre-
quently move between trees in search of mating opportuni-
ties (Polak, 2012; Hardersen et al., 2017) and suitable trees 
for oviposition (Polak, 2012; Hardersen et al., 2017). This 
is also indicated by the higher recapture rate of males (cf. 
Chiari et al., 2013; Bărbuceanu et al., 2015).

Despite the low recapture rate of individuals from diff er-
ent patches, the connectivity within the study system could 
be indicated by at least a few movements of both species 
between the plots, probably ensuring gene fl ow between 
neighbouring local populations (Zimmermann et al., 2011; 
see also Jugovic et al., 2025). Unintentionally ignored 
suitable (micro)habitats between the studied plots further 
facilitate connectivity within the study system, which rep-
resents only a fraction of a larger contiguous forest reserve 
(Rugani & Diaci, 2012). The limited dispersal ability of M. 
a. funereus may explain why isolated suitable forest frag-
ments are often not colonised by the species (Bărbuceanu 
et al., 2015). In remote habitat patches with few suitable 
trees, intraspecifi c competition for resources and mating 
opportunities leads to frequent M. asper male-male fi ghts. 
Larger males reproduce more successfully, likely because 
they more often defeat smaller rivals (Rossi de Gasperis et 
al., 2018). As these fi ghts involve the use of strong man-
dibles and can cause injuries, the high proportion of males 
with broken antennae observed in our study (Table S3) was 
expected. No such injuries were observed in the males of 
R. alpina (Table S3). The latter could be the result of the 
less pronounced territoriality of R. alpina (but see Duelli & 
Wermelinger, 2005). According to Drag et al. (2011), the 
dispersal ability of R. alpina is highly variable and depends 
on the spatial arrangement of suitable habitat. Individu-
als may remain predominantly within a habitat patch and 
move between suitable trees, but can also move consider-
able distances between habitat patches. Nevertheless, most 
individuals appear to stay within a few hundred metres of 
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their natal site (Drag et al., 2011). In our study system, such 
movements may additionally refl ect the limited availability 
or prior occupation of suitable trees within habitat patches 
by M. a. funereus. 

We also interpret the observed diff erences in habitat pref-
erence, demography, and mobility in the context of poten-
tial indirect competition between the two species. Although 
M. a. funereus and R. alpina are sympatric in the Lemovje 
Forest Reserve, they rarely occupied the same microhabitat 
(Table S5), suggesting spatial segregation and diff erences 
in habitat use and ecological niches. Both species are large-
bodied saproxylic beetles that depend on coarse woody de-
bris and large-diameter dead or dying trees for oviposition 
and larval development, resources that are spatially limited 
and heterogeneously distributed, particularly in managed 
forests. Several non-exclusive mechanisms may explain 
the observed diff erences in habitat use, including (1) spe-
cies-specifi c habitat requirements; (2) context-dependent 
responses to local forest conditions (driven by local forest 
structure, microclimatic conditions, and the availability of 
suitable breeding substrates); (3) diff erences in dispersal 
ability and detectability (e.g. patchy distribution of R. alpi-
na may partly refl ect diff erences in detectability associated 
with its shorter adult lifespan and greater dispersal ability); 
or (4) temporal diff erences in adult activity and phenology. 
Resource partitioning and indirect competition represent 
one possible explanation, but the present data do not allow 
discrimination among these alternatives.

CONCLUSIONS 

Our study demonstrates the importance of old-growth 
beech forests with abundant dead and dying wood for the 
persistence of M. a. funereus and R. alpina in the Lemovje 
Forest Reserve. The two species diff ered markedly in habi-
tat use, demography, and dispersal behaviour. M. a. funere-
us showed a strong preference for large, standing, dying 
trees and exhibited predominantly short-distance move-
ments, consistent with its limited dispersal ability and ter-
ritorial behaviour. In contrast, R. alpina displayed broader 
and patchier habitat use together with greater mobility, in-
cluding occasional long-distance movements between hab-
itat patches. The high abundance and estimated population 
size of M. a. funereus indicate that the reserve currently 
provides favourable conditions for this species, while the 
low recapture rate of R. alpina suggests either lower local 
density or broader use of the surrounding continuous forest 
landscape. The observed diff erences in microhabitat use 
and movement patterns imply ecological niche diff erentia-
tion, which may reduce direct competition between the two 
sympatric saproxylic beetles. Nevertheless, the possibility 
of indirect competition for large suitable trees cannot be 
excluded. Overall, our results emphasize the conservation 
value of unmanaged or minimally managed forest reserves 
with continuous availability of large-diameter dead and 
dying trees. Maintaining habitat continuity and structural 
heterogeneity is likely essential for sustaining viable popu-
lations and connectivity of saproxylic beetles in forest eco-
systems.
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Table S1. Summary table of the plots with the number of beech trees examined based on the trunk conditions (DYING = damaged + 
decaying, DEAD = dead + stump) and categorised as standing or fallen. For each tree category, the number of animals detected/captured 
(M.a.f. – Morimus asper funereus, and R.a. – Rosalia alpina) is given. Alt – altitude in metres above sea level. X, Y – GPS coordinates of 
study plots. Abbreviati ons for sun exposure at plot level (S.e.): sh – predominantly shaded, ex – predominantly sun exposed. Abbreviations 
for the status of trees in categories 1–3: S – standing, F – fallen.

Plot Alt X, Y S.e. 
DYING DEAD

Damaged Decaying Dead Stump
No. trees  M.a.f. R.a. No. trees M.a.f. R.a. No. trees M.a.f. R.a. No. trees M.a.f. R.a.

I 984 46°21′03.35′′ N
13°40′21.05′′ E ex 0 / / 1S 1 0 0 / / 0 / /

II 972 46°21′01.67′′ N 
13°40′23.81′′ E ex 0 / / 1S 1 0 1F 1 4 1 1 0

III 988 46°21′02.94′′ N 
13°40′25.95′′ E sh 0 / / 1F 0 2 0 / / 1 9 0

IV 1004 46°21′03.64′′ N 
13°40′28.24′′ E sh 1S 1 0 0 / / 2S + 1F 2 1 0 / /

V 999 46°21′03.51′′ N 
13°40′30.59′′ E sh 0 / / 2S 15 0 1S + 1F 1 3 1S 0 3

VI 978 46°21′01.29′′ N 
13°40′31.47′′ E sh 0 / / 0 / / 1S 0 2 2S 0 4

VII 957 46°21′03.66′′ N 
13°40′37.12′′ E ex 0 / / 0 / / 1F 0 0 0 / /

VIII 965 46°21′04.56′′ N 
13°40′39.70′′ E ex 0 / / 0 / / 1S 0 2 0 / /

IX 950 46°21′02.77′′ N 
13°40′41.11′′ E sh 1S 0 0 0 / / 0 / / 0 / /

X 955 46°21′04.25′′ N 
13°40′45.20′′ E sh 1S 2 0 0 / / 0 / / 0 / /

XI 931 46°21′02.63′′ N 
13°40′50.44′′ E ex 0 / / 2S 47 11 1F 0 2 0 / /

XII 926 46°21′03.26′′ N 
13°40′52.92′′ E ex 0 / / 4S 17 4 1F 0 6 0 / /

TOTAL 3 3 0 11 81 17 11 4 20 5 10 7
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Table S2. Summary of the number of males and females of M. a. funereus and R. alpina caught in NW Slovenia on 13 occasions in July, 
August and September 2020. For R. alpina, the number of individuals of undetermined sex is also given. The number of additional dead 
animals found is given in brackets. * The 11th and 12th sampling occasions were combined into a single occasion for analysis in MARK.

Sampling occasion 1 2 3 4 5 6 7 8 9 10 11* 12* 13
Date 7.7. 10.7. 14.7. 20.7. 27.7. 31.7. 6.8. 14.8. 18.8. 21.8. 27.8. 4.9. 9.9.
Interval (days) 3 4 6 7 4 6 8 4 3 6 8 5
   M. a. funereus
Males 1 5 9 6 3 3 6 4 6 4 0 1 0
Females 6 3 6 6 3 2 (+1) 10 4 5 0 (+2) 2 0 0
Total 7 8 15 12 6 6 16 8 11 6 2 1 0
   R. alpina
Males 0 0 0 1 1 1 3# 2 4 5 3 (+1) 0 (+2) 1
Females 0 0 0 0 1 3 2 0 0 2 0 0 1
Undetermined 0 0 0 0 0 0 0 0 0 0 0 (+3) 0 (+3) 0 (+4)
Total 0 0 0 1 2 4 5 2 4 7 7 5 6
# This number includes one individual that was recorded twice in the same day on diff erent trees.

 

Table S3. Summary of data on the number of males and females of M. a. funereus and R. alpina caught during our study in NW Slove-
nia. For R. alpina, the number of individuals of undetermined sex is also given. The number of additional dead animals found is given in 
brackets. * One third of marked M. a. funereus individuals (n = 10) had visible antennae injuries; # No R. alpina individuals exhibited injured 
antennae (n = 0).

Species Sex No. of marked 
individuals

No. of recaptured 
individuals

% of recaptured 
individuals

No. of
captures

No. of
recaptures

% of
recaptures

M. a. funereus
Males 30* 9 30.0 48 18 37.5

Females 38 7 (+2) 23.7 50 9 (+3) 24.0
Total 68 18 26.5 98 30 30.6

R. alpina Males 18# 3 (+3) 33.3 24 3 (+3) 25.0
Females 9 0 0.0 9 0 0.0

Undetermined 10 0 0.0 10 0 0.0
Total 37 6 16.2 43 6 13.9

 

Table S4. Estimates of demographic parameters (p – capture probability, φ – survival, b – recruitment, Ni – daily population sizes) with 95% 
confi dence intervals (CI) of Morimus asper funereus from Triglav National Park (Slovenia) in 2020. # – sampling occasion. The estimates 
are based on the selected best model (φtlin ptlin btlin+tlin2). Estimates for φ and b are shown at the beginning of consecutive time intervals.

# Date p
Estimate (CI)

φ
Estimate (CI)

b
Estimate (CI)

Ni
Estimate (CI)**

1 7.7. 0.1029 (0.0483–0.2060) 90 (55–147)
2 10.7. 0.1193 (0.0631–0.2141) 0.9750 (0.9016–0.9940) 0 (0–0) 84 (53–131)
3 14.7. 0.1380 (0.0805–0.2264) 0.9681 (0.9108–0.9890) 0 (0–0) 73 (48–111)
4 20.7. 0.1590 (0.0988–0.2458) 0.9603 (0.9141–0.9822) 0 (0–0) 58 (38–88)
5 27.7. 0.1825 (0.1158–0.2756) 0.9518 (0.9128–0.9738) 0 (0–0) 41 (25–67)
6 31.7. 0.2086 (0.1296–0.3183) 0.9424 (0.9068–0.9649) 0.0002 (3.2 10–6–0.0101) 32 (18–56)
7 6.8. 0.2374 (0.1397–0.3739) 0.9323 (0.8951–0.9569) 0.3242 (0.1315–0.6031) 68 (39–118)
8 14.8. 0.2688 (0.1468–0.4400) 0.9214 (0.8772–0.9506) 0.0485 (0.0013–0.6659) 42 (27–66)
9 18.8. 0.3028 (0.1519–0.5129) 0.9098 (0.8536–0.9458) 6 10–7 (0–0.0020) 29 (17–49)

10 21.8. 0.3390 (0.1556–0.5800) 0.8974 (0.8251–0.9420) 0 (0–0) 21 (11–39)
11 31.8.* 0.3772 (0.1584–0.6608) 0.8844 (0.7928–0.9387) 0 (0–0) 6 (2–18)

* The 11th and 12th sampling occasions on 27th August and 4th September, respectively, were co mbined into a single occasion (denoted as 
31st August); ** Truncated to the nearest full number.
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T able S5. Spatial and temporal coincidence of M. a. funereus and 
R. alpina (number of captures) on 28 occupied trees, shown by 
tree diameter. * Dead M. a. funereus found on the same day on the 
same tree as a living R. alpina.

Tree diameter 
(cm)

M. a.
funereus R. alpina Temporal coincidence

33 1 0 No
37 1 1 No
53 0 2 No
54 1 0 No
56 0 2 No
58 0 1 No
58 0 2 No
64 1 0 No
65 9 0 No
65 0 3 No
66 1 4 1* M. a. f. + 1 R. a. (31. 7.)
70 1 0 No
71 0 2 No
72 3 0 No
75 0 1 No
77 2 0 No
78 0 2 No
84 1 0 No
85 20 8 2 M. a. f. + 1 R. a. (31. 7.)
90 1 0 No
90 1 0 No
90 12 0 No
91 0 3 No
95 0 6 No
101 1 0 No
101 10 3 3 M. a. f. + 1 R. a. (6. 8.)
102 5 1 No
115 27 3 5 M. a. f. + 2 R. a. (6. 8.)


