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ABSTRACT 

Morimus asper and Rosalia alpina are two saproxylophagous longhorn 
beetles associated to mature broadleaf forests. Both are threatened by local 
fragmentation and micro-habitat loss due to dead wood removal by forest 
management practice. Our two years mark-recapture study, revealed new 
information on population dynamics and habitat preference of M. asper and 
R. alpina in different beech forests of central Italy Dispersal was recorded 
in few individuals for both species. The sampling method performed, 
allowed to get population size estimates for the two species. Both species 
showed preference for old huge trees in a medium decay class. M. asper 
proved to be sensitive to temperature effect and it resulted to prefer lying 
dead trees, coarse woody debris and high canopy closure in the 
surroundings. Sun-exposed huge trees resulted to be preferred plants for R. 
alpina and for oviposition of M. asper. Probably, for M. asper the standing 
dying trees, still owning a part of tree foliage, provide a good compromise 
between larval development in sun-exposed parts and adult activity in shady 
parts. “Key trees” for population viability of the two species were identified 
in the study areas. Forest management practices should promote the 
maintenance of old and huge trees as “stepping stones” to preserve the 
habitat connectivity and favour genetic flow in both the species. 
Overwintering ability was observed for M. asper adults, both males and 
females, with a very long lifespan (282-409 days). Sexual dimorphism in M. 
asper was detected in several morphological traits, and the scaling 
relationship between antennal length and body size divided the male 
population into two groups, smaller and larger males, which showed 
different mating frequencies.  
Regarding R. alpina, the computer-aided photographic identification 
resulted a reliable and less invasive capture-mark-recapture method, and we 
provided suggestion to standardize and facilitate the procedure.  
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PREFACE 

This research produced three major papers submitted to peer-reviewed 
journals. In the common introduction (chapter 1) were briefly addressed the 
issues related to target species and the overall aims of the project. Each one 
of the following chapters corresponds to one paper, in particular: 
 
 
 
CHAPTER 2: Rossi de Gasperis S., Passacantilli C., Redolfi De Zan L., 
Carpaneto G.M. Overwintering ability and habitat preference of the 
threatened longhorn beetle Morimus asper / funereus: a two years mark-
recapture study with implications for conservation and forest management. 
Submitted to: Biological Conservation. 
 
 
CHAPTER 3: Rossi de Gasperis S., Redolfi De Zan L., Romiti F., 
Hardersen S., Carpaneto G.M. Sexual dimorphism and intra-specific 
allometric relationships between secondary sexual character and body size 
in Morimus asper/funereus. Submitted to: Journal of Morphology. 
 
 
CHAPTER 4: Rossi de Gasperis S., Carpaneto G.M., Nigro G., Antonini G., 
Chiari S., Cini A., Mancini E., Mason. F.,  Mosconi F., Redolfi de Zan L., 
Roversi P.F., Sabbatini G., Solano E., Campanaro A. Computer-aided 
Photographic Identification of Rosalia alpina (Coleoptera: Cerambycidae): 
first application in a mark-recapture study. Submitted to: Insect 
Conservation and Diversity. 
 
 
In the final section (chapter 5), the results of these papers were utilized for 
drawing conclusions on the analyses conducted at population level for target 
species and their habitat relationships. 
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CHAPTER 1 
Introduction 
 
1.1 Saproxylic insects  
 
Saproxylic insects are all species dependent on dead wood or on other 
saproxylic organisms, at least in some part of their life cycle (Speight 1989; 
Alexander 2008; Stokland et al. 2012).  
Based on the degree of association with dead wood material, saproxylic 
organisms can be either obligate or facultative species (Stokland et al. 
2012). The obligate saproxylic species are strictly related to dead wood 
which represents their unique trophic resource (directly feeding on wood or 
indirectly as a consumer of other saproxylic species) or essential material 
for their life cycle (e.g. breeding site, laying site, matter for larval 
development). On the contrary, the facultative saproxylic species represent 
all those that regularly use dead wood but do not depend completely upon it, 
using alternative resources as well (e.g. many predatory insects that hunt 
larvae in decaying wood but that can also search for prey in other substrates 
like forest floor). 
Many longhorn beetles (Coleoptera Cerambycidae) belong to the functional 
group of saproxylic insects, and play an important role in the decomposition 
of dead wood in forest ecosystems.  
Several species of longhorn beetles feed almost exclusively on the cambium 
of dying trees (Ehnström and Axelsson 2002). Among them, there are 
xylophagous species that feed on the inner part of wood, like sapwood or 
heartwood. These species typically colonize trees recently dead, when sap 
and nutrients-rich cytoplasm in the cells are still present in the inner bark. 
The ecology of many Cerambycidae is closely related to old-growth forests 
with many mature trees and great dead wood amount. Larve of longhorn 
beetles dig tunnels in trunks and adults emerge from trunk releasing typical 
exit holes. These insects represent the main trophic resource many 
parasitoid insects and for many birds, such as woodpeckers, which control 
xylophagous larvae and contribute to tree preservation (Pechacek and 
Kristin, 2004; Stokland 2012).  
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1.2 Target species of the project: Morimus asper/funereus and Rosalia 
alpina 
 
1.2.1 Morimus asper/funereus 
 
Morimus asper (Sulzer 1776) and M. funereus (Mulsant 1862), are two 
flightless saproxylophagous longhorn beetle (Coleoptera Cerambycidae) 
mainly associated to deciduous mature forests. 
Since 1980s, the taxonomical classification of these two closely related 
species and their western Paleartic allies (Fig. 1), such as M. ganglbaueri 
(Reitter 1894), M. orientalis (Reitter 1894) and M. verecundus (Falderman 
1836), is debated owing to the high similarity in their morphological traits 
(Danilevsky, 2013; Koren, 2010; Sama, 2011, 1988; Stanić et al. 1986). 
Furthermore, a recent molecular study supports the high genetic relatedness 
among M. funereus, M. asper and M. ganglbaueri (Solano et al. 2013) at 
subspecies level. For this reason, we used the expression asper / funereus.  
Therefore, because of nomenclature rules, M. asper (sensu lato) should be 
listed in the Annex II of the European Habitats Directive 92/43EEC instead 
of funereus (currently listed) which could be ranked as subspecies of the 
former, together with ganglbaueri as synonym.  
The distribution range of Morimus asper (sensu lato) extends in Southern 
Europe (Sama, 2004). In Italy, populations of M. asper occur in all the 
country, including the major islands (Fig. 2).  
The larval development of Morimus asper / funereus can vary from three-
five years in natural conditions (Campanaro et al., 2011) to one year or less 
in captivity (Dojnov et al. 2012; Romero-Samper and Bahillo 1993); 
pupation occurs in spring and the adult’s active period is reported from 
April to August. Adult size and exit holes diameter varies greatly, but the 
shape of holes is typically more or less circular (Fig 3). 
Little is known about the biology and ecology of this species, in particular, 
few studies were conducted in field (Vrezec et al. 2010, 2012; Polak 2010, 
Chiari et al. 2013). Moreover, no study investigated the sexual dimorphism 
and size variability of morphological traits potentially involved into eco-
ethological aspects. On the whole, the lack of information on taxonomy, 
distribution, ecology and ethology of these beetles makes difficult to plan 
conservation actions for them. 
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Figure 1. The five taxa of the genus Morimus occurring in south Europe (all 
males) (Images available on: www.cerambyx.uochb.cz; www.coleo_net.de; 
www.hmyz.photo.cz; http://projects.biodiversity.be/openuprbins/about). 

                             

Figure 2 Distribution pattern of M. asper in Italy, presence records (red 
dots) (Sama 2004, Stoch 2005). 
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Figure 3. A male of Morums asper on a trunk of Fagus sylvatica. Two 
typical Morimus adult exit holes are visible in the picture (by Sarah Rossi 
de Gasperis) 
 

 

1.2.2 Rosalia alpina 
 
The longhorn beetle Rosalia alpina (Linnaeus, 1758) is considered a 
flagship species, due to its distinctive colorful elytral pattern (Duelli & 
Wermelinger 2005) (Fig 4). The larval development lasts 3-4 years, 
pupation occur in spring and adult phenology ranges from July to 
September (Duelli and Wermelinger 2005, Trizzino et al. 2013). The adult 
size ranges between 14-40 mm and exit holes show a typical elliptic shape 
about 10 mm long (Fig. 5) (Duelli and Wermelinger 2005; Russo et al. 
2013).  
R. alpina is listed in the Annexes II e IV of the European Habitats Directive 
92/43EEC. The distribution range extends from central-southern Europe to 
Caucasic Region (Sama 1988, 2002). In Italy, the species occurs in all 
regions, excluding Sardinia (Sama 2005), showing a scattered distribution 
with large gaps within its areal (Bosso et al. 2013) (Fig. 6). R. alpina is 
mainly associated to ancient deciduous forests dominated by Fagus 
sylvatica (Lachat et al. 2013) and for this reason is mainly located in the 
Alpine and Apennine mountain ranges. The species was also found 
associated with other host trees (e.g. mountain elm, sycamore maple, 
European ash) (Michalcewicz et al. 2011; Michalcewicz and Ciach 2012; 
Michalcewicz et al. 2013). 
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A population study recently conducted in Czech Republic (Drag et al. 
2011), where the species showed a higher abundance respect to Italian 
populations, highlighted the short adult life span (4-7 days) and a high 
dispersal ability (around 1,6 km) of R. alpina.  
The sampling methods suggested for monitoring R. alpina are based on 
visual encounter surveys (Campanaro et al. 2011; Vrezec et al. 2012, 
Trizzino et al. 2013), but a standard protocol for population study is still 
missing. Few field studies were conducted in Italy concerning micro-habitat 
preference and distribution range (Russo et al. 2013; Bosso et al 2013); 
therefore, more information on population ecology are needed for 
monitoring protocol and conservation plans. 
 
 

 
 

Figura 4. A male of Rosalia alpina on a trunk of Fagus sylvatica (by Sarah 
Rossi de Gasperis). 
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Figure 5. Typical elliptic adults exit holes of R. alpina on a trunk of Fagus 
sylvatica (by Sarah Rossi de Gasperis). 

 
 

 
Figure 6. Distribution pattern of Rosalia alpina in Italy, presence records 
(black dots) (Bosso et al. 2013). 
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1.3 Population study with Capture-Mark-Recapture method 
 
Population studies performed during the current research were based on 
Capture-Mark-Recapture method (CMR). This method involved: a) the 
capture of the specimens, b) the marking procedure, which assigned an 
individual code of recognition, and c) the release of the marked specimen in 
the place of finding. Repeated surveys were performed to get a size estimate 
of the sampled population.  
Population size is the first objective of the CMR method, but other 
population parameters like survival ability and catchability can be estimated 
with different models in data analysis (Amstrup 2005). In relation to the aim 
of the research, several population models can be applied to obtain the 
population parameter estimates (Cooch and White 2015). The most 
common models are: closed-population models and open-population 
models. 
Some assumptions are common to all closed-population models (Chao and 
Huggins 2005): 
1) population remains constant over the study period (e.g. there is no 
immigration or emigration), although known removal (e.g. deaths on 
capture) are allowed (the closure assumption); 
2) animals do not lose their marks or tags; 
3) all marks or tags are correctly recorded; 
4) animals act independently. 
However, in some cases some assumptions may be violated, therefore 
models are continuously improved (e.g. Bhurnam 1972, Otis et al. 1978; 
White et al. 1982). 
The open-population model more common is the Jolly-Seber model (Jolly 
1965; Seber 1965) which need the following assumptions (Pollok and 
Alpizar-Jara 2005): 
1) every animal in the population at a given sample time j as an equal 
chance (pj) of being captured in that sample (equal catchability); 
2) every marked animal alive in the population at a given sample time j as 
an equal chance of survival (φj) until the next sampling occasion (implicitly, 
this assumption applies to all animals, marked and unmarked, in order to 
estimate the survival of all animals in the population; 
3) marked animals do not lose their mark and marks are not overlooked; 
4) sampling period are short (i.e. effectively instantaneous); 
5) all emigration from the population is permanent. 
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Also in this case, open-population models have been improved (e.g. 
Lebreton et al. 1992, Pollock 2001). 
 
1.4 Threats and forest management 
Like for all the saproxylic organisms, the major threats affecting the two 
target species are represented by habitat loss and some forest management 
practices (Davies et al. 2008). Agricultural exploitation has been recognized 
as the main reason of forest loss in the past but more recently an increasing 
proportion of deforestation has been caused by industrial factors (Butler and 
Laurence 2008). In particular, industrial timber exploitation implies road 
expansion, which generally leads to further deforestation increasing the 
fragmentation process (Stockland et al. 2012). Moreover, human-induced 
fires contribute to forest loss (Achard et al. 2006). Fragmentation of 
woodlands represents the main limit to the dispersal ability of the species, 
and connectivity gaps will increase the isolation among their populations 
(Siitonen and Saaristo 2000; Bosso et al. 2013) with consequences on 
population viability. In particular, saproxylic species with a low dispersal 
ability suffer more the fragmentation effects (Jonsson and Nordlander 
2006). 
At lower scale, habitat loss is seriously affected by the local removal of the 
preferred habitats of saproxylic species (Martikainen et al. 2000), mainly 
represented by fallen trees and tree logs. Dead wood resulting from natural 
disturbances tend to be harvested, to ensure human security or for aesthetic 
reason; moreover, this kind of forest management is performed under a 
point of view of “not wasting resource”. These are the main factors which 
explain why low dead wood amount is less present in managed forests than 
in natural forests (Kirby et al. 1998, Brin et al. 2008). 
 
 
 
 
 
 
 
 
 
 
 
 
 



17 

 

1.5 Overview of the thesis and aims 
 
Few population studies were conducted on Morimus asper and Rosalia 
alpina in European countries (Vrezec et al. 2010; Polak 2010, Drag et al. 
2011). In Italy, only one population study was performed on Morimus 
asper, showing the high attraction power of fresh tree logs for the species 
(Chiari et al. 2013) and only one study provided information on the micro-
habitat preference of Rosalia alpina by using the adult exit holes as 
indicator of habitat quality (Russo et al. 2013). Currently, no population 
study has been conducted for more than one year in natural conditions, 
avoiding the use of attractive features (e.g. tree logs) to evaluate population 
dynamics and habitat preference of M. asper. Moreover, different aspects of 
the common sampling design used for R. alpina need to be improved.  
The overall scope of this research project is to increase the ecological 
knowledge on M. asper and R. alpina in beech forests of central Italy. 
Indeed, this study provided specific sampling methods to gather qualitative 
and quantitative population data in order to plan monitoring programs and 
forest management practices, which ensure the conservation of these taxa. 
The following aims will be pursued: 
 
1) Estimating population size of the target species in selected forest areas of 
central Italy, where previous data have proved their occurrence. 
 
2) Setting up a sampling methodology for Rosalia alpina through a new 
approach based on photographic marking. 
 
3) Correlating the abundance of the target species to environmental 
parameters. 
 
4) Increasing the knowledge of the poorly studied species Morimus asper, 
in particular exploring the morphological variability to evaluate if 
morphological traits may affect its behavioral ecology. 
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Abstract  
 
Morimus asper is a saproxylophagous longhorn beetle associated to mature 
forests. Its flightless condition makes difficult colonizing new trees in 
fragmented areas. Our two years mark-recapture study, revealed new 
information about the survival ability, population dynamics and habitat 
preference of M. asper in three beech forests of central Italy. Daily surveys 
were performed from May to July in 2013 and 2014, inspecting suitable 
trees for hosting the species. A low percentage of overwintered adults was 
observed for both sexes, with a very long lifespan: 282-409 days. Most 
recaptures were made on the same tree; dispersal (20-451 m) was recorded 
only in thirteen individuals. Adult phenology showed two peaks of activity 
(middle of May and middle of June). Population estimates varied 
significantly among sites and years. Mean daily temperature affected 
recapture probability and total captures (optimal range of 15-26°C). The 
species showed preference for huge lying trees, branches on the ground, low 
percentage of debarked surface and high canopy closure. M. asper showed a 
high survival probability, but the few movements observed, due to its 
sedentary nature combined with the flightless condition, represent the 
ecological limit of the species, highly threatened by the local fragmentation. 
Furthermore, almost total captures were made in the same tree, giving to 
this a role of “key tree” for population viability. The species will benefit by 
the maintenance of microhabitat conditions, including many lying trees, 
abundant coarse woody debris and dense canopy ensuring fresh temperature 
in the understory, which should be preserved during forest management 
techniques. 
 
 
Key words: POPAN; Coleoptera; Cerambycidae; saproxylic; population 
ecology, GLMMs 
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1. Introduction  
 
Morimus asper (Sulzer 1776) is a flightless saproxylophagous longhorn 
beetle (Coleoptera Cerambycidae) associated to deciduous mature forests. 
The genetic diversity and the status of conservation of this taxon and its 
western Palearctic allies, M. funereus (Mulsant 1862), M. ganglbaueri 
(Reitter 1894), M. orientalis (Reitter 1894) and M. verecundus (Falderman 
1836), are still debated. All these taxa apparently differ from M. asper for 
dorsal microsculpture and color (from dark to light and bluish grey, with 
more or less visible black spots on elytra) (Dajoz, 1976). Overall, they have 
a large distribution range from the Iberian Peninsula to northwestern-Iran, 
through Italy, the Balkans and Anatolia (Sama, 2004). Since 1980s, Sama 
and other authors started to consider M. funereus as a subspecies of M. 
asper and M. ganglbaueri as a synonym or another subspecies of the former 
(Danilevsky, 2013; web site of Fauna Europaea, 2012; Koren, 2010; Sama, 
2011, 1988; Stanić et al., 1986). A recent molecular study (Solano et al., 
2013) supports the high genetic relatedness of these three taxa and the 
hypothesis that they could be merged into the same species, bearing the 
name of M. asper (the first one to be described). These preliminary results 
lead to revise the status of conservation of the whole group because only M. 
funereus is currently protected by the European Habitats Directive 
92/43EEC (HD) (Annex II), and this status should be shared by M. asper 
and its closely related taxa. 
In the light of these new taxonomic evidences, the distribution range of 
Morimus asper (sensu lato) extends in Southern Europe, from northern 
Spain to the Balkan region, through France and Italy (Sama, 2004). In Italy, 
populations of M. asper occur in all the country, including the major 
islands.  
This large longhorn beetle belongs to the functional group of saproxylic 
insects, i.e. all species dependent on dead wood or on other saproxylic 
organisms at least in some part of their life cycle (Speight, 1989; Stokland 
et al., 2012). Like all the saproxylic organisms, it plays an important role in 
the decomposition of dead wood in forest ecosystems. In particular, 
longhorn beetle larvae feed on wood and dig tunnels in old trees, improving 
development of fungi and other parasites. These beetles represent an 
important trophic resource for many birds, such as woodpeckers, which 
control xylophagous larvae and contribute to tree preservation (Virkkala, 
2006).  
Few biological studies were focused on the genus Morimus, apart from 
some physiological investigations on eastern populations (those protected 
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by HD under the name ‘funereus’). These studies mainly concerned with the 
larval feeding metabolism and the adult antennal neuronal transmission 
(Bozić et al., 2008; Dojnov et al., 2012; Spasic, 2015). To our knowledge, 
the only field studies were conducted in Slovenia (Vrezec et al., 2010, 2012; 
Polak, 2010) and in N Italy (Chiari et al., 2013). The guidelines for 
monitoring this protected species were recently discussed (Campanaro et 
al., 2011, Vrezec et al., 2012; Trizzino et al., 2013, Mason et al., 2015). 
The larval development of Morimus asper / funereus can vary from three - 
five years in natural conditions (Campanaro et al., 2011) to one year or less 
in captivity (Dojnov et al., 2012; Romero-Samper and Bahillo, 1993); 
pupation occurs in spring and the adult’s active period is reported from 
April to August. Studies on the life cycle of M. asper in laboratory 
condition (lab.) date back to the 40s (Pavan, 1947, 1948; Ghidini and Pavan, 
1937). Stanić et al. (1986) observed the adult overwintering ability of M. 
asper in lab., but the adult lifespan of this species in natural conditions is 
still unknown. Overwintering ability is uncommon in adults beetles, but 
several examples have been recognized among Cerambycidae, 
Chrysomelidae, Coccinellidae and Curculionidae (Bazzocchi et al., 2004; 
Greenberg et al., 2007; Koutroumpa et al., 2008; Sileshi and Kenis, 2001), 
showing that diapause is performed by adults (mainly females) to overcome 
the low temperatures of winter season and to readily breed in early spring. 
M. asper is poorly studied and more information about its habitat preference 
is needed to plan conservation action. Until now, no population study has 
been conducted on M. asper for more than one year using capture-mark-
recapture method (CMR), to evaluate the life span of adults in its natural 
habitat, and to evaluate the habitat preference without artificial attractive 
features (like freshly cut tree logs or traps) as our study did.  
We provided more information about the survival ability of M. asper in 
three beech forests of central Italy, assessing how the local environmental 
conditions can affect the abundance of the species.  
In particular, we aimed to the following objectives:  
i) to detect the overwintering ability for both sexes in natural conditions; 
ii) to estimate population size of the target species using open population 
models on CMR data, and provide more information on adult phenology 
and dispersal ability; 
iii) to evaluate the effects of weather factors on the recapture probability, to 
give indications for surveying the species;  
iii) to assess the habitat preference of Morimus asper to provide information 
useful for planning conservation, with ad hoc forest management 
suggestions, to preserve this priority species.  
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2. Material and methods 
 
2.1 Study area  
 
The present study has been conducted in three fragments (study sites) of 
beech woodlands in the Lazio region (central Italy): Allumiere (500-600 m 
a.s.l.), Mount Fogliano (600-960 m a.s.l.) and Mount Cimino (950-1,053 m 
a.s.l.) (Fig.1). All the three forest fragments are located in Sites of 
Community Importance (SCI) assigned by the HD: ‘‘Boschi Mesofili di 
Allumiere’’ (SCI IT 6030003), ‘‘Monte Fogliano e Monte Venere’’ (SCI IT 
6010023) and “Monte Cimino (versante nord)” (SCI IT 6010022).  
Allumiere beech forest (60 ha), located at 20 km from the Tyrrhenian coast, 
belongs to the low-elevation beech forests (400–800 m a.s.l.), typically 
located on fertile (e.g. volcanic) soils, generally near lakes or at short 
distance from the sea coast. This old growth forest is dominated by Fagus 
sylvatica associated to Acer pseudoplatanus, Carpinus betulus, Castanea 
sativa, Hedera helix, Ilex aquifolium, Quercus cerris, Ruscus aculeatus and 
Spartium junceum.  
M. Fogliano beech forest (318 ha) showed a vegetation cover similar to the 
former site, becoming monospecific mature forest of F. sylvatica on the top 
with scattered Q. cerris trees, and Narcissus poeticus and Lilium bulbiferum 
in the understory.  
M. Cimino beech forest (60 ha) is covered by a pure old growth forest of F. 
sylvatica associated to  Acer opalus, A. pseudoplatanus, C. betulus, with 
understory species like Campanula trachelium, Corydalis cava and 
Galanthus nivalis (Alessandrini et al., 2008); in this forest many trees have 
diameter larger than one meter with a height of 30-35 meters.  
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Figure 1. Study area. The map shows the three selected study sites of M. 
asper sampling. 

 

 

2.2 Sampling of Morimus asper  
 
In 40 ha of each study site, we selected thirty trees (Vrezec et al. 2012) 
suitable for hosting Morimus asper (i.e. trees entirely or partially dead with 
a great diameter and presence of cerambycid exit holes). 
Visual Encounter Survey (VES) was performed, in order to gather data on 
the activity of M. asper, getting real information on the habitat preference of 
the species and observing the effects of environmental changes on 
population dynamics. The same observer made all the surveys. 
We inspected selected trees during 29 April - 30 July in 2013 and 2014 and 
each study site was visited every five days, excluding rainy days. 
The few field studies conducted on Morimus revealed that these beetles are 
active at both dusk and daytime (Romero-Samper and Bahillo, 1993; 
Vrezec et al., 2012). For this study, not being possible to carry out nocturnal 
inspections, we restricted our surveys to the interval between 9:30 am and 
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5:00 pm, until the last tree was surveyed; the duration of the survey varied 
in relation to the number of captures and study site features (e.g. distance 
among selected trees on field). Tree sampling order has been inverted on 
every subsequent survey to inspect each tree at different daytime. Adults 
were captured by hand or with an insect net. Following the CMR method, 
an individual code was assigned to recognize specimens, by marking them 
with non-toxic permanent colored spots (CFG Paint Marker). Colored spots 
were applied on the ventral surface (Suppl. Mat. Figure A1), avoiding an 
increase in predation rate (Campanaro et al., 2011). At first capture, we 
recorded the sex and, in addition, we measured individual variables (e.g. 
elytra length, antennal length etc.) useful to recognize adults in case of 
partial loss of marks between years. During the survey, the mating events 
and the individuals in mate were recorded. Finally, for each survey, we 
recorded three weather parameters every hour: temperature (°C), relative 
humidity (%) and wind speed (m/s) by using the Weather Meter Kestrel 
4000NV. 
 
 
2.3 Environmental variables sampling  
 
The selected ninety trees were mapped using a Global Positioning System 
(GPS) receiver (Garmin 60CSX). The seventeen environmental variables 
measured for each tree (cf. Ranius and Jansson, 2000; Redolfi De Zan et al., 
2014) are summarized in Table I. Two of these, are strictly related to the 
target species: cerambycid exit holes (CH) and the occurrence of M. asper 
laying pits (MLP), i.e. peculiar shallow pits dug by females for laying eggs 
(Sama, 1988) (Fig.2). 
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Table I. Description of the seventeen environmental variables measured for 
each selected tree.  
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Figure 2. Morimus asper shallow lying pits. Red arrows show a female of 
M. asper laying inside the shallow pits she only just dug, patrolled by the 
male (left picture), and shallow lying pits located on a fallen beech tree 
(right picture) (pictures made by S. Rossi de Gasperis). 
 

 

3. Theory/calculation  
 
3.1 Population analysis 
 
The observed lifespan for overwintering adults was calculated as the 
number of days between the first capture in 2013 and last capture in 2014 
(Suppl. Mat. Table A1). Dispersal was reported as the linear distance 
covered between two consecutive captures (Suppl. Mat. Table A2). Sex rate 
was analyzed in marked and recaptured individuals by Kruskall-Wallis test. 
The total number of marked individuals was compared among sites in both 
years with Tukey’s Honestly Significant Difference test (THSD).  
CMR data were analyzed with Mark 8.0 software (Cooch and White 2015), 
under the assumptions of the open population Jolly-Seber model with the 
POPAN parametrization (White and Burnham, 1999) to estimate the 
population size N and three primary parameters: φi- apparent survival 
probability, pi- recapture probability, and penti- the probability of entering 
the population (combining birth and immigration). Models were built with 
parameters φ and p constant in time (.) or time-dependent (t). We assumed 
the probability of entering the population always time-dependent: pent (t). 
The goodness of fit of the started model {φ(t) p(t) pent(t)} was tested with 
the Release GOF TEST 2 + TEST 3 (best fitting for c – hat = 1) 
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(implemented in Mark package). Parameters estimates are reported for the 
best population model selected by AIC (Akaike Information Criterion 
theory approach) (Suppl. Mat. Table A3) and daily population size 
estimates N-hat of 2013 and 2014 were compared with One-way Anova 
test. 
The correlation between captures dataset 2013-2014 (mark events + 
recaptures) and weather parameters (mean value per survey) was assessed 
by using the Spearman’s rs correlation coefficient. Since only temperature 
(T) showed significant correlation with captures (see results), it was used 
like time varying covariate to build constrained linear models (CLM) 
(Lebreton et al., 1992, Amstrup et al., 2005) evaluating its influence on the 
recapture probability p (Suppl. Mat. Table A4). A non-linear fit model 
analysis, supported by AIC and partial F test (“anova” function in R), was 
used to investigate the relationship between T and captures. Finally, THSD 
test was performed to compare T among study sites. 
 
 
3.2 Habitat preference analysis   
 
Tree colonization between the two years was graphed and described. A 
Spearman’s rs correlation coefficient, focusing on the most important 
Morimus variables (MLP and CH), was used to check the correlation with 
the other environmental variables.  
Generalized Linear Mixed effects Models (GLMMs) (family = poisson, link 
= log, “glmer” function in lme4 R-package) were built to light out the 
habitat preference of the species. We used the number of marked 
individuals as the response variable, and the environmental variables as the 
explanatory variables (fixed effect). On the started model with full 
environmental variables, we applied three random effects on the intercept 
(separately or in combination): i) Site (3 levels), ii) Season, represented by 
the 35 surveys of May-July (19 in 2013 and 16 in 2014) grouped in 15 days 
per month (6 levels), and iii) Tree(each tree investigated, 90 levels). We 
chose these three random effects to take into account unknown variation of 
the number of marked individuals due to site features, phenology, and 
intrinsic features of trees (e.g. wood decay class). The Tree effect, allowed 
us also to maintain in to the dataset, the environmental variables changed in 
2014 for some trees (e.g. TS, MMB, CC etc.) due to natural events (e.g. tree 
fell) or human activity (e.g. dead wood removal) evaluating their effect on 
the response variable. The AIC selection, supported by Likelihood Ratio 
test (LRT), was used to select the best random effect model, and the final 
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best model resulted by backward and AIC selection. The collinearity among 
variables was explored by computing the Variance Inflation Factor (VIF); 
all the variables with VIF values below 4.0 were considered without a 
serious collinearity and retained for building the GLMMs models.  
All the data analyses were performed using R3.0.3 software (R 
Development Core Team 2010), CMR data were normalized for parametric 
test (see 3.1) using logarithmic function; the alpha set for all the analyses 
was 0.05.  
  
 
4. Results  
 
4.1 Population analysis 
 
CMR data of both years, recorded in Allumiere (AL), M. Cimino (MC) and 
M. Fogliano (MF), are showed in Table II. Of the 28 overwintering adults, 
the mean life span observed was of 355 ± 34 days (282-409, i.e. 9-13 
months), with no difference observed among sites: AL 332 ± 43 (282-396), 
MC 359 ± 31 (288-409), and MF 377 ± 9 (370-383) (Suppl. Mat. Table 
A1). The female with the longest observed life span (362 days) was found 
in mating in 2013 but recaptured recently dead in 2014. Mating events in 
both years were recorded only for three of the 26 males, and one of the them 
showed the longest observed life span (409 days). 
Two main peaks of adult abundance, middle of May and the middle of June, 
were observed in 2013 (Fig.3a-b). No difference was observed in sex 
phenology but the observed sex rates and sex recapture rates were in favor 
of males (Table II). The total number of marked individuals varied 
significantly among study sites only in 2013 resulting significantly lower in 
MF respect to AL (THSD: diff. = - 0.92, p adj. = 0.002) and MC (THSD: 
diff. = - 1.38, p adj. = 6.1e-06). 
On the 177 recaptured males, 64% were recaptured once, 24% twice, 7% 
thrice and 3% and 2% four and five times, respectively; while of the 40 
recaptured females, 48% were recaptured once and 52% twice. Dispersal 
was observed only in thirteen adults and the distance covered varied 
between 20 and 451 meters. The maximum distance covered by a male (451 
m) and by a female (404 m) was observed in MC (Suppl. Mat. Table A2). 
The fully time dependent model resulted in general with good c-hat (0.55-
0.7) except for MF 2013 (c-hat = 0.10), consequently, parameter estimated 
for this model resulted biased. The best POPAN population model selected 
by AIC (Suppl. Mat. Table A3) showed: φ constant in time in each study 
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site for both years, with high mean values among sites (0.74 - 0.98), p 
constant or in function of time (values ranging from 0.07 to 0.47) and pent 
values ranging from 0.06 to 0.73. Daily population size estimates (N-hat) 
varied significantly between years in each study site (AL: F = 17.5, Df = 1, 
p = 0.0002; MC: F = 30.22, Df =1, p = 4.25e-06; MF: F = 48.29, Df =1, p = 
1.02e-07) (Fig. 3 c and d).  
Temperature (mean value per survey) resulted the only weather parameter 
correlated to captures (Spearman’s Coeff. = 0.43, p = 0.001, Fig. 4). CLM 
models showed recapture probability p depending on temperature (T) or on 
both temperature and time (t + T) (Suppl. Mat. Table A4). Non-linear fit 
models between temperature and captures reduced the choice of best fitting 
models between linear function (r2 = 0.27, p < 0.001, AIC = 261.7) and 
quadratic function (r2 = 0.33, p < 0.001, AIC =254.5), with the latter 
selected as best model by AIC (Delta AIC = 7.2) and partial F test (F1,101 = 
9.30, p = 0.003). During the sampling period, temperature varied among 
sites showing higher value in AL (T = 22.12°C ± 3.76) respect to MF (T = 
19.24°C ± 4.43, THSD: diff. = 4.20, p adj. = 0.01) and MC (T = 18.88°C ± 
3.92, THSD: diff. = 4.71, p adj. = 0.003). 
 
Table II. CMR results of two sampling years (2013 and 2014) for each 
study site. Table shows number of Marked, number of Recaptured and total 
Recaptures of both sexes; recaptured rate (Recapt. rate) calculated as the 
Number of recaptured / Number of marked; number of overwintering adults 
(OW) and overwintering recaptured rate (OW Rate) calculated as the 
number of marked in 2013 recaptured in 2014 / the number of marked in 
2013 (see text 3.1), and total number of mating events (ME) recorded in 
each study site. Kruskal-Wallis test performed for Marked sex rate and sex 
total recaptures rate (Recaptures ♂ / ♀) in each population, (*) significant 
results.  
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Figure 3. Adult Phenology and Daily Population size estimates of Morimus 
asper. Adult phenology is represented by the number of Marked individuals 
in 2013 (a) and 2014 (b) in each study site; the daily population size N-hat 
estimated of the best AIC selected model for each study site (Suppl. Mat 
Table A3) in 2013 (c) and 2014 (d) with φ = apparent survival probability, p 
= recapture probability, pent = probability of entering the population, that 
can be constant in time (.) or time dependent (t). 

 

Figure 4. Temperature effect on Morimus asper daily captures. Number of 
captures (mark events and recaptures) of three study sites in 2013 and 2014 
in function of the mean daily survey temperature (°C). 
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4.2 Habitat preference analysis  
 
A different percentage of colonized trees was observed among study sites: 
77% in AL, 50% in MC and 53% in MF, with a very different number of 
captures between years in several trees (Fig. 5a-d). In each study site, trees 
with the highest number of captures in both years showed DBH greater than 
100 cm (AL7 DBH = 178 cm, MF28 DBH = 114 cm and MC9 DBH = 150 
cm), a TH of 24-31 meters, low percentage of DBS and occurrence of 
MMB. On these same trees we recorded the highest number of total mating 
events (AL7 = 17, MF28 = 8, MC9 = 40). Mating events decreased strongly 
in MC24 tree (17 mating events in 2013 and only one in 2014). 
The Spearman’s correlation showed many significant values: MLP showed 
a positive correlation with CH (coeff. = 0.35, p < 0.001), WN (coeff. = 0.30, 
p = 0.002) and WAS (coeff. = 0.21, p = 0.04); on the contrary, a negative 
correlation resulted with CC (coeff. = -0.22, p = 0.03). CH showed other 
positive correlations with WAS (coeff. = 0.49, p < 0.001), DBS (coeff. = 
0.34, p < 0.001) and DBH (coeff. = 0.22, p = 0.03), while resulted 
negatively correlated to LS (coeff. = -0.43, p < 0.001) and CC (coeff. = -
0.28, p = 0.004).  
Results of GLMMs analyses (Table III a-b), showed M4 (full variables with 
Tree + Season as random effect) as best random effect model and 
significantly different from the model M3 (full variables with Tree random 
effect) (LRT: Chisq. = 112.58, df. = 1, p < 2.2e-16). The AIC top ranked 
model form backward selection resulted M4a (deviance = 2519.6, df. resid 
= 3240, r2 = 0.55), highlighting six explanatory variables correlated with the 
number of marked individuals: MS and DBS (negative correlation), TS (C 
category), DBH, MMB and CC (positive correlation). 
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Figure 5. Tree Colonization dynamics by Morimus asper. The sampled 
beech trees in the three study sites in 2013 and 2014 a): Not_C. = number of 
not colonized trees in both years, C.2013-2014 = number of colonized trees 
in both years, New_C.2014 = number of trees not colonized in 2013 but 
colonized in 2014, Lost_C.2014 = number of trees colonized in 2013 but 
not colonized in 2014. Comparisons of total captures (Marked + recaptured) 
individuals between 2013 and 2014 for each sampled tree b) Allumiere 
(AL), c) M. Cimino (MC) and d) M. Fogliano (MF).  
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Table III. Generalized Linear Mixed effects Poisson Models results. a) 
Random effects selection and final best model obtained by backward 
selection for Morimus asper (number of marked individuals). For each 
model are reported the AIC value and Delta AIC for selecting the best 
model, the value of variance (Var.) and standard deviation (S.D) of each 
random effect and the two r2 values of the model (considering the fixed 
effects and the random effect). Total number of marked individuals = 707, 
total number of observations = 3150 (90 trees x 35 surveys), random effects 
levels: Site = 3, Season = 6, Tree = 90 (see 2.3). b) Estimates and standard 
error (S.E.) of the six explanatory variables of the best model; significant 
codes: 0 ‘***’, 0.001 ‘**’, 0.01 ‘*’, 0.05 ‘.’. TS = Tree Status (three 
categories A, B and C) (see Table I). 

 
 
 
5. Discussion 
 
A low percentage of overwintering adult of M. asper under natural 
conditions (e.g. predatory pressure, environmental and human disturbance) 
was observed for both sexes and some males were found in mating also in 
2014. The long adult lifespan that we observed, more than 400 days, was 
never evidenced before this study. Stanić et al. (1986) reported mean 
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lifespan of 334 (98-481) days, for M. asper adults collected in the wild and 
reared in captivity; this value is slightly less than our results for wild 
specimens, 355 (282-409) days. However, the real lifespan is still unknown 
and could be longer. Other cerambycid beetles showed diapause in lab 
condition with a life span of a hundred of days (Keena, 2002; Koutroumpa 
et al., 2008). M. asper is able to hibernate probably inside refugees under 
bark or in soil where it can survive the low temperatures of winter, like 
observed for the longhorn beetles (Baur et al., 2005). 
The total adult phenology fell within the sampling period and showed two 
peaks of activity (middle of May and middle of June) with no difference 
between sexes, but the sex ratio was unbalanced in favor of males. Probably 
females tend to be more elusive than males, affecting also the sex recapture 
rate, as observed in other studies (Drag et al. 2011, Tikkamäki and 
Komonen 2011, Chiari et al. 2013). On the other hand, males can be more 
visible because of their searching for females and fighting activities, 
affecting the recapture rate. 
The dispersal ability of M. asper is for sure influenced by its flightless 
condition; however, the high recapture rate on the same tree can be also a 
consequence of sedentary behaviuors like observed in other cerambycid 
beetles of the Lamiini tribe (Hanks 1999). Males were recaptured also four-
five times at the same tree, this could be related also to their strong 
territoriality (Romero-Samper and Bahillo, 1993). However, for the few 
movements recorded, a high distance covered (around 500 meters) was 
observed, showing the high potential dispersal ability of M. asper respect to 
other flightless longhorn beetles, like Dorcadion fuliginator (Linnaeus, 
1758) (Baur et al., 2005). Except two shifts, adults moved to the tree with 
the highest number of captures recorded. According to Hanks (1999), it is 
unlikely that Lamiine beetles are attracted by long-range sex pheromones, 
and one may assume they wander until reach a tree with a good chance of 
mate.  
The differences in population abundance observed between years can be 
explained by the natural fluctuations of adult emergencies due to the long 
larval development period of the species (Samways, 2005). 
The survival probability of the species resulted obviously high and constant 
in time, while the recapture probability was generally temperature 
dependent, suggesting an ideal range of mean daily temperature of 15-26°C 
for survey. This lead to avoid too hot or cold days even if peak of activity 
occurs, preferring survey time interval fitting with the optimal temperature 
range (e.g. early morning or evening in hot sites). Two studies on 
Osmoderma eremita (Scopoli, 1763) (Scarabaeidae) and Elater ferrugineus 
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(Linnaeus, 1758) (Elateridae) revealed a different influence of temperature 
on adult activity: positive effect was observed on the flight activity in 
Sweden (Larsson and Svensson, 2011); while a temperature threshold 
limiting the adult activity was recorded in Mediterranean region (Zauli et 
al., 2014). 
In each study site, most of captures and mating events of both years were 
recorded on one huge tree (DBH from 113 to 177 cm); this can allow us to 
define this tree like a “key tree” for the population. This result also suggest 
a strong aggregative behavior in M. asper (Romero-Samper and Bahillo, 
1993).  
Cerambycid holes and Morimus shallow laying pits resulted positively 
correlated to some selected woodpecker variables, supporting the 
importance of the cerambycid larvae as trophic resource of these specialized 
forest key stone birds (Pechacek and Kristin, 2004). Furthermore, these two 
Morimus features showed a negative correlation with canopy closure. This 
preliminary result could mean that the species prefer trees with sun exposed 
parts for laying and consequently for larval development, like observed for 
the longhorn beetle Cerambyx cerdo (Linnaeus, 1758) (Albert et al., 2012).  
Adults were significantly more abundant on lying dead trees, meaning the 
preference for the lying position of tree (i.e. dead or recently dead trees). 
Maybe, after the fall, the suitable standing trees (live or dead) release 
attractive compounds, i.e. kairomones (Allison et al. 2004) from bark split 
and broken branches due to the impact with soil, or maybe microrganisms 
growing in the fallen tree modified kairomones (Bouget et al., 2009) 
increasing the tree attraction power for beetles which recognize that trees 
like potential larval host plant (Hanks 1999). 
Great diameter and the presence of major and minor branches on the 
ground, in the surrounding of the fallen or standing tree, affected positively 
the species. Therefore, huge mature trees and deadwood on the ground 
showed again an important role in the habitat preference of saproxylic 
beetles (Cocciufa et al., 2014; Ranius and Jansson, 2000; Redolfi de Zan et 
al., 2014).  
Canopy closure showed positive effect on the adults’ abundance. For sure, 
captures were positively affected by lying trees, generally with low local 
canopy, but a high canopy cover in the surrounding probably preserves the 
preferred range of daily temperature.  
The negative effect of debarked surface on adult abundance could mean that 
the species prefer the early or medium stages of decaying wood when the 
bark still covers the largest part of the tree. Probably, like observed in 
Cerambyx cerdo (Buse et al. 2007), a tree with higher decay stage could 
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have already been overexploited and not represent more a good substrate for 
egg laying and larval developing. In fact, the complex interactions between 
cerambycid larvae and the decaying process could bring the wood toward 
an advanced decay class, useful for other saproxylic species (Buse et al., 
2008).  
At last, the species seems to prefer trees not covered by moss, maybe this 
could indicate again a preference for an early decay stage or a dry wood 
microclimate, in particular for the laying pits location chosen by females. 
On the bases of the habitat preference results, we may explain how in a 
same tree was observed a strong difference in number of captures between 
years (Fig.5). The natural fluctuations of populations previously mentioned 
can be responsible of the adult abundance variation observed between years 
for trees with unchanged environmental conditions, like M. Cimino “key 
tree” (MC9) and other trees (AL 26, MC15 and MF24). Although this 
intrinsic biological feature combined with natural events like tree fell, 
increasing the amount of coarse woody debris, could explain the higher 
number of captures observed in 2014 for M. Fogliano “key tree” (MF28) 
and in other trees (MF8, MF29, MC20). The same combined effect maybe 
affected negatively the abundance in Allumiere “key tree” (AL7); being 
Allumiere a hot study site, the lower canopy closure due to tree fell may 
have caused higher local temperature decreasing the daily occurrence of M. 
asper. In fact, canopy closure and its effect on microclimate can influence 
the saproxylic beetle distribution in forest (core and edge areas) (Vodka and 
Cizec 2013). Finally, human disturbance (i.e. removal of branches on the 
ground by local people) could explain the capture decline in 2014 in 
Allumiere’s trees (AL17, AL22 and AL30). Strong human impact due to 
forest management, by removing all branches and almost all the whole 
trunk, affected the huge lying tree MC24 in M. Cimino, a prime candidate 
to become a “key tree”. These changes, in combination with clear-cut in the 
surrounding forest edge, which reduced the canopy cover (therefore 
increasing local temperature), affected seriously the occurrence of the 
species.  
 
 
6. Conclusions with implication for conservation and forest 
management 
 
The sampling protocol performed in our study allowed to gather qualitative 
and quantitative data on a poorly studied species. M. asper showed an 
unexpected longevity in natural conditions, therefore a very high survival 
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probability. Some overwintered males were observed in fighting still 
showing good conditions, and some males were found in mating in both 
years, meaning at least two reproductive seasons. However, even if the 
species could have advantages by its long lifespan, the sedentary nature 
combined with the flightless condition, represents the ecological limit of M. 
asper for colonizing new trees, making the species seriously threatened by 
woodland fragmentation. The local fragmentation could have also an effect 
on temperature, which can increase in clear-cut areas, limiting the adult 
daily activity and having effect on survey results. We suggest to survey M. 
asper taking into account the optimal temperature range of the local site, 
like observed in our study, and to use a capture-mark-recapture method to 
have real evidence of new adult generations. Retaining lying trees and 
maintaining coarse woody debris, such as major and minor branches on the 
ground, could be the correct strategy to preserve M. asper. A special 
attention must be given to “key trees” that must not be removed because 
they ensure population viability, acting like a “source” for facilitating 
colonization. Our results suggest that key trees are preferred spots for 
mating and egg-laying, representing a need for a Morimus population; 
therefore, the population viability would be seriously affected by the 
removal of these trees. Furthermore, key trees should be used as important 
indicators of the growth population trend in a monitoring protocol. Finally, 
the mitigation of the forest management impact, not only in the interior part 
of a forest but also in the forest edge, trying to preserve their original 
microhabitat conditions (e.g. canopy closure and temperature), will improve 
the dispersal ability and colonization success of the species. 
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Supplementary Materials 
 

 

 

 

 
Figure A1. The marking method used for Morimus asper: Each specimen 
was marked by a unique combination of different positioned and colored 
spots on ventral sclerites of pronotum and abdomen of the individual, as 
suggested in Campanaro et al. (2011). Some examples are given in the 
figure where numbers represent color spots position and empty spaces 
represent the insertion of the insect’s legs.  
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Table A1. Distances covered by individuals in each study site. ID Adult 
shows the individual code and sex (M = male and F = female), Capture date 
before movement and capture date after movement indicates the two 
consecutive captures during which the movement (Distance covered) was 
recorded.  
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Table A2. Observed lifespan of the overwintering adults of Morimus asper 
in each study site. For each adult is reported: the individual code (Id) 
bearing sex (M = male, F = female) and progressive number of marking 
procedure; date of first capture in 2013 and date of the last capture in 2014; 
total number of recaptures (N. Recapt.) in 2013 and in 2014; number of 
mating events (ME) in 2013 and 2014 and observed days of lifespan 
calculated as the number of days between the first capture in 2013 and last 
capture in 2014.  
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Table A3. Best POPAN Jolly-Seber population models selected by AICc of 
two sampling years for each study site. For each model are reported the 
AICc value and AICc Weights, mean and standard deviation of estimates 
for primary parameters: φ = apparent survival probability, p = recapture 
probability, pent = probability of entering the population and N = 
population size. For parameters depending on time (t) we reported the lower 
- upper mean value at 95% C.I. of the reliable values given in Mark 8.0.  

 

Table A4. Constrained Linear Model (CLM) evaluating Temperature effect 
on recapture probability. Results of CLM showed two best population 
models selected by AICc in 2013 and 2014 in each study site with recapture 
probability (p) dependent on temperature (T). For each model are reported 
the AICc scores, model likelihood (M. Likelihood) and the number of 
parameters estimated (Num. Par) given in Mark 8.0.  
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Abstract 
 
The longhorn beetle M. asper exhibits the typical sexual dimorphism of 
cerambycid beetles: males have longer antennae than females. The antennal 
length seems to vary greatly among males of the same population. This 
study aimed to explore the sexual dimorphism in M. asper and the scaling 
relationship between antennal length and body size in both sexes in order to 
assess the allometric pattern of the traits studied and their potential effects 
on individual eco-ethological features. This study revealed sexual 
dimorphism also in other morphological traits: males showed a longer 
pronotum and females larger and longer elytra, suggesting that in males 
more resources are allocated in developing the anterior body traits, whereas 
in females more resources are invested to the development of post-
prothoracic body parts, which contain the reproductive apparatus. In males, 
the allometric relationship between antennal length and elytra length 
resulted to be best described by a segmented regression, which identified a 
switch point dividing the population in two different groups. Males with 
elytra length below the switch point showed a positive allometry, while in 
larger males, the scaling relationship between the two morphological traits 
tends to isometry. In females, a sigmoidal model better fitted the data, and 
described an allometric pattern similar to that of males, with a decreasing 
slope only for the largest females. Morphometric traits are correlated to 
behavior and ecology and we found that the largest males, above the switch 
point, were more frequently observed in mating when compared to those 
smaller than the switch point.  
 
 

Key words: antennae; segmented regression; longhorn beetle; 
body size 
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Introduction  
 
Morimus asper (Sulzer 1776) is a flightless saproxylic longhorn beetle, 
mainly associated with mature hardwood forests. The taxonomic and 
conservation status of this species complex is still object of discussion. A 
recent study (Solano et al. 2013) highlighted a genetic variability among the 
Euro-Anatolian populations of the genus Morimus which cannot be easily 
assigned to the currently accepted five species, and may actually represent a 
single, genetically and morphologically variable species (M. asper). 
Therefore, due to the high genetic relatedness between M. asper and the 
protected taxon M. funereus (Mulsant 1862), which is included in the 
Annex II of European Habitat Directive 92/43 CEE (HD), the conservation 
status of M. asper sensu lato should be revised.  
In males of M. asper the antennae are at least two times longer than the 
body length, while in females they slightly exceed the length of the body 
(Sama 1988). This sexual dimorphism is present in almost all longhorn 
beetles where the antennae are longer in males than females (Hanks et al. 
1996 a,b; Saikia et al. 2012). The fact that male M. asper have antenna of 
exaggerated length suggests that the evolution of this trait is driven by 
sexual selection and promoted by intrasexual competition, or mating 
preferences in the opposite sex (Darwin 1874; Linsley 1959; Johnstone 
1995). The extreme development of such structures in the male may be very 
costly for the bearer (Møller and Zamora Muñoz 1997). The scaling 
relationship between body size and secondary sexual structures (e.g. 
antennal length) can vary intraspecifically, from small, relatively normally 
proportioned, to very large individuals with grossly enlarged structures 
(Emlen and Nijhout 2000). 
Allometry which explores the relationship between the size variations of an 
organ in respect to the body size in adult individuals within a species 
(intraspecific) or among related species (interspecific) are usually defined as 
static allometry (Huxley 1932; Gould 1966; Levinton 1988; Emlen and 
Nijhout 2000; Knell et al. 2004). A positive allometry occurs when the slope 
of the scaling relationship (i.e., allometric coefficient) between the studied 
trait and body size is greater than 1 (Green 1992), as is typical for sexually 
selected traits.  
Commonly, the study of allometry is conducted by searching for the model 
which best fits the scaling relationship of the two variables (generally log 
transformed). Often, the allometric growth trajectory is described by a 
simple linear relationship, however in many holometabolous insects, the 
best model deviates from simple linearity and follows a curvilinear and/or 
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discontinuous model, defining a non-linear or discontinuous allometric 
relationships (Knell 2009; Hardersen et al. 2011; Painting and Holwell 
2013). The growth of the imaginal disks, from which appendages develop, 
like head structures and a portion of the thorax, undergo different speeds of 
growth, competing for the same resources, mainly during prepupal and 
pupal stage, in an essentially closed system (Williams 1980). These brief 
and asynchronous developments of imaginal structures in respect to 
imaginal body size may result in non-linear or discontinuous allometries 
(Nijhout and Wheeler 1996; Knell 2009).  
In discontinuous allometries data points can be divided into more than one 
distinct group, i.e. morph, identifying a switch point (usually a threshold in 
body size) at which individuals switch from one morph to another (Knell 
2009). Different approaches have been used to investigate this kind of 
allometric relationships between secondary sexual characters and body size 
(Eberhard and Gutierrez 1991; Kotiaho and Tomkins 2001; Cook and Bean 
2006; Knell 2009).  
When two (or more) morphs occur within a sex, the slopes of their scaling 
relationships indicate how the growth of the secondary sexual traits changes 
in respect to body size. When the slope becomes steeper with increasing 
body size, larger individuals bear secondary sexual characters 
proportionally larger than smaller individuals (Knell et al. 2004), but in 
some cases, the opposite situation may be observed (Eberhard and Gutierrez 
1991; Hanley 2001). The development of the individuals in each morph 
seems to depend on both genotype and environmental conditions (e.g. 
resource availability) (Eberhard and Gutierrez 1991; Nijhout and Wheeler 
1996; Hardersen et al. 2011). 
The phenotypical expression of different morphs within a sex, generally in 
males, has been observed in different beetle families like Lucanidae, 
Scarabaeidae, Cerambycidae (Zeh and Zeh 1992; Emlen and Nijhout 2000; 
Knell et al. 2004; Kawano 2006) with some examples of male trimorphism 
(Rowland and Emlen 2009; Iguchi 2013).  
Eco-ethological aspects like fighting, mating and survival ability may differ 
between morphs (Goldsmith 1996; Moczek and Emlen 2000; Hanley 2001; 
Forslund 2003; Romiti et al. 2015).  
Like in other longhorn beetles (Hanks et al. 1996b), M. asper males fight 
for females: rivals use their anterior body like a battering ram in order to 
reverse the opponent with the aid of pronotal spines, pushing the opponent 
and biting mainly the appendages (pers. obs.). Winning males benefit from 
more mating opportunities (Hughes and Hughes 1982) and increase their 
fitness. 
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As stated above, cerambycids are well known for their sexual dimorphism 
(e.g. Zeh and Zeh 1992; Saikia et al. 2012) and the allometry body size vs. 
antennal length has been investigated for some Cerambycidae (e.g. Hanks et 
al. 1996a; Wang and Zeng 2004). However, to our knowledge these 
allometries have not been explored applying non-linear or discontinuous 
models. The allometry of M. asper has not been studied and the correlation 
between the size of morphological traits and ecological aspects is also 
unknown, as generally M. asper has been poorly studied and little is known 
about its ecology in the natural context (i.e. natural habitat conditions of the 
species like woodlands) (Sama 1988; Romero Samper and Baillo 1993).  
In this study, we aimed: i) to investigate sexual dimorphism of M. asper in 
biometric variables other than antennae; ii) to investigate the allometric 
relationship between antennal length and elytra length in both sexes; iii) to 
evaluate if morphological traits (e.g. antennal length and elytra length) may 
affect adult ecology (e.g. mating, movements and overwintering ability).  
 
 
Material and methods 
 
Study area 
 
We collected biometric data on adult individuals of three populations of M. 
asper from three study sites located in the Lazio region (central Italy): 
Allumiere, Mount Fogliano and Mount Cimino. All three study areas are 
Sites of Community Importance (SCI) and Special Protection Zones (SPZ) 
defined by the Habitats Directive 92/43/CEE and the Bird Directive 
79/49/CEE. 
Allumiere (UTM zone 32 T, WGS84, 740236 4671138; 500-600 m a.s.l.) is 
located 20 km from the Mediterranean sea and is a beech forest consisting 
of Fagus sylvatica associated to Ilex aquifolium. M. Fogliano (UTM zone 
33 T, WGS84, 263969 4690438; 800-950 m a.s.l.) and M. Cimino (UTM 
zone 33 T, WGS84, 269751 4698603; 950-1053 m a.s.l.) are located in the 
inner part of Lazio region, both are beech forests, the first one with some Q. 
cerris interspersed.  
 
 
Sampling of Morimus asper  
 
Thirty trees, evaluated a priori as suitable breeding habitats for the target 
species (e.g. living or dead trees with emergence holes of longhorn beetles), 
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were selected in each site. Trees were visually inspected approximately 
every five days, avoiding rainy days, in 2013 and 2014, when adults were 
active (May - July). In order to recognize each individual, adults were 
marked by using a unique combination of permanent colored spots (i.e. 
identification code) on the ventral sclerites of the pronotum and abdomen 
(Campanaro et al. 2011) with a non-toxic CFG Paint Marker. At first 
capture, each individual was measured, sexed and marked. The individual 
identification code of both partners, observed in mating, was recorded. 
Eight morphological traits (Fig. 1) were measured for individuals of both 
sexes. After marking and measuring, each individual was released at the 
same tree where it had been found. Four morphological traits were 
measured during the 2013 survey; four extra measurements were added in 
2014. The same operator (S. Rossi de Gasperis) made all measurements 
with a digital caliper (precision 0.05 mm) as described in Table I.  
 
 

 
Figure 1 Morphological traits measured on males and females of Morimus 
asper. All abbreviations were reported in Table I. (pictures by Federico 
Romiti).  
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Table I. List of measurements collected on Morimus asper males and 
females for the allometric analysis. (*) Extra measurements added in 2014.  

 
 
 
Data analysis 
 
Sexual dimorphism and allometric analysis 
 
Sexual dimorphism was investigated by testing significant differences for 
all morphometric traits of the total dataset with the One-way Anova test 
(Table II). 
Allometric relationships were investigated in both sexes using the biometric 
variables measured in both years: i.e. the four variables: PW1, PW2, EL and 
AL.  
One Way Anova test was used to highlight differences in EL among 
populations. 
Redundancy analysis (RDA) with forward selection (“forward.sel” function 
in R “packfor” package) was computed on the total dataset for each sex, to 
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highlight the correlation between AL (response variable) and PW1, PW2 
and EL (explanatory variables) and to select the best correlated variable by 
a permutation test (n. perm. 999), on the basis of highest adjusted r2 
explained, (Borcard et al., 2011). The best explanatory variable was then 
used in the allometric analysis.  
Before proceeding with the allometric analyses, we tested for both sexes if 
EL data of the two years were significantly different (One Way Anova) in 
the three populations and among them.  
Allometric analyses for males and females were conducted separately for 
each of the three populations and subsequently for the pooled dataset. 
Following the suggestions of Knell (2009), the scaling relationship of AL 
and EL was checked for discontinuity. As no clear discontinuity was found 
the allometry was investigated by fitting four models: linear regression, 
segmented regression (“segmented” function in R “segmented” package), 
three parameters Gaussian and sigmoidal model (“nls” function in R). The 
Akaike Information Criterion (AIC) was used to select the best fitting 
model and the difference between the two top models was tested with a 
partial F-test (“anova” function in R).  
 
 
Effects of morphological traits on behavioral ecology 
 
To evaluate if body size affected the observed mating frequency (i.e. 
number of observed matings) a One-way Anova was performed between EL 
of individuals observed mating and EL of individuals found unmated, for 
both sexes of each population. 
The estimated switch point (SP) of the segmented regression (see Results) 
was used to discriminate males in two groups, those smaller than the switch 
point (g1) and those larger than the switch point (g2). The ratio of observed 
males for both groups (i.e. mated males g1/ total males of g1 and mated 
males g2/ total males g2) was calculated for each population, to compare 
their observed mating frequencies with a Kruskal-Wallis test. 
The male/female EL ratio was calculated for all observed matings, in order 
to investigate the size ratio (and its range). The number of males belonging 
to g1 and g2 observed within the male/female EL ratio, was reported to 
make a comparison.  
To investigate if the size of the exaggerated male character, AL, was 
correlated to dispersal, two scatterplots were created: AL vs. maximum 
observed distance travelled and AL vs. mean daily distance recorded. 
Dispersal was recorded as the distance covered between two consecutive 
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captures. The mean daily distance was calculated by dividing the maximum 
distance observed by the number of days separating the two sightings, 
which define the maximum distance.  
Finally, for each population, the mean EL of the males, which were re-
sighted after the wintering period, was compared with the mean EL of all 
males. This analysis was not carried out for females, as only two females 
were re-sighted after winter.  
RDA and allometric analysis were conducted in R 3.0.3 (R Development 
Core Team, 2010), One-Way Anova test and K-Wallis test were performed 
with Past 3 (Hammer et al. 2001); the α set for all the analysis was 0.05. 
 
 
Results 
 
Sexual dimorphism and allometric analysis 
 
During the sampling period 2013-2014 we gathered biometric data from a 
total of 461 males and 223 females (Table II).  
In males the mean AL/BL rate was near 2:1 (Mean ± S.D. of AL/BL = 2.09 
± 0.22), while AL resulted slightly longer than EL in females (Mean ± S.D. 
of AL/BL = 1.16 ± 0.09). Males had a longer pronotum (F = 18.03, d.f. = 1, 
p < 0.0001) and longer antennae (F = 1005, d.f. = 1, p < 0.0001) than 
females; moreover females had longer elytra than males (F = 53.33, d.f. = 1, 
p < 0.0001) and the maximum elytra width (EW2) was larger in females 
compared to males (F = 23.53, d.f. = 1, p < 0.0001). The female EW1/ EW2 
rate resulted significantly lower than that of males (F = 247.8, d.f. =1, p < 
0.0001). 
RDA between AL and explanatory variables (PW1, PW2, EL) showed 
highly significant results in males: r2 = 0.928, adj.r2 = 0.927, F = 2021.3, 
Perm. = 999, p < 0.001; EL resulted to be the variable with the highest 
adjusted r2 (adj.r2 = 0.91, F = 4997.18, p < 0.001). We obtained similar 
results for females: r2 = 0.893, adj.r2 = 0.892, F = 612.86, Perm. = 999, p < 
0.001, and again EL was the best explanatory variable (adj.r2 = 0.86, F = 
1435.5, p < 0.001). 
No significant difference was found comparing the EL between the two 
years for both sexes in each population (Fig. 2), therefore we used the 
pooled dataset 2013-2014 for males and for females of each population for 
further analysis (Table III). Comparing the elytra length among populations, 
Allumiere males resulted significantly larger than those from M. Fogliano 
(F = 12.47, d.f. = 1, p < 0.01) and from M. Cimino (F = 7.24, d.f. = 1, p < 
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0.01). In females the results were similar but only the difference between 
Allumiere and M. Cimino was significant (F = 5.92, d.f. = 1, p < 0.05). 
The best fitting model for males and females of the three populations and 
for the three populations pooled data are shown in Table IV.  
The segmented model (switch point EL = 17.99 mm) in Allumiere males 
(Fig. 3 a) showed no significant difference from Gaussian and sigmoidal 
models, therefore they were considered equally valid. In contrast, the 
segmented model of M. Fogliano (switch point EL = 16.28 mm) was the 
best model, on the basis of AIC score, and showed a significant difference 
from the Gaussian model (F1,99 = 9.36, p = 0.003) (Fig. 3b). The same result 
was obtained for M. Cimino (switch point EL = 16.94 mm) (segmented vs 
Gaussian model: F1,213 = 6.18, p = 0.013). Also when pooling all data for 
males, the segmented model fitted the data best (switch point EL = 16.78 
mm) (segmented vs Gaussian model: F1,455= 9.53, p = 0.002) (Fig. 3 c,d).  
The segmented model, divided males into two groups in relation to the 
estimated switch points: g1 (smaller then switch point) and g2 (larger then 
switch point). The numbers of males assigned to the respective groups 
resulted: g1 = 99 and g2 = 42 in Allumiere, g1 = 143 and g2 = 76 in M. 
Cimino, g1= 67 and g2 = 34 in M. Fogliano. 
For the females, AIC values were very similar for the different models and 
no differences were found from pair ways comparisons for the models of 
Allumiere, M. Fogliano and M. Cimino. Considering the pooled dataset for 
females, the sigmoidal model was significantly different from the linear 
model (F1,215 = 4.29, p = 0.04) but not significant difference was found with 
the Gaussian model. We plotted the best fitting model (i.e. sigmoidal 
model) only for the pooled dataset for females. (Fig. 3 e-h). 
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Table II. List of the morphological traits measured on males and females of 
Morimus asper and summary of their mean ± standard deviation (SD). For 
each morphological traits are reported the total number of marked adult 
(Ntot) and the total number of males (Nm) and females (Nf). 

 
 

 

Figure 2. Mean and standard deviation of elytra length (EL) for males and 
females in both years for each population. 
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Table III. Summary of the morphological traits, with their mean ± standard 
deviation (SD), used in the allometric analyses of males (a) and females (b) 
of each population (N = total number of individuals).  
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Table IV. AIC results and r2 values (reliable for linear models) of the four 
model used to investigate the allometric relationship between antennal 
length and elytra length in both sexes for each population and for the total 
dataset.  
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Figure 3. Scatterplots of the scaling relationship between the natural 
logarithm (ln) of antennal length (AL) and elytra length (EL), for males (a-
d) and females (e-h) of M. asper, for the three populations (Allumiere: Nm = 
141, Nf = 70; M. Fogliano: Nm = 101, Nf = 43; M. Cimino: Nm = 219, Nf = 
104) and the pooled dataset (Pooled data: Nm = 416, Nf = 217). Estimated 
parameters are shown in figures: the two slopes of the segmented model, 
slope1 and slope 2 (S1 and S2), and switch point (SP) values (Mean and 
S.D.) and three parameters (a, b, and c) of the sigmoidal model in pooled 
female data. Solid lines represent the best model; dashed lines represent the 
95% C.I. for the segmented model. The scaling range of the two axes of 
Allumiere males (a) differs from the others to better visualize the growth 
pattern.  

 
 
 
Effects of morphological traits on behavioural ecology 
 
During the two years of sampling, 140 mating events were recorded: 47 in 
Allumiere, 20 in M. Fogliano and 73 in M. Cimino.  
In M. Fogliano, the elytra length of mating males (Mean ± S.D. = 17.05 mm 
± 2.09) resulted significantly longer than in males non mating (Mean ± S.D. 
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= 15.23 mm ± 2.31) (F = 9.06, d.f. = 1, p < 0.01). The same result was 
found for M. Cimino (Mean ± S.D. EL mating = 16.73 mm ± 2.25, Mean ± 
S.D. EL non mating = 16.55 mm ± 2.29, F = 12.69, d.f. = 1, p < 0.001). 
Also for Allumiere mating males had on average longer elytra, but the 
difference was not significant (Mean ± S.D. EL mating = 17.04 mm ± 2.71, 
Mean ± S.D. EL non mating = 16.37 mm ± 2.07, F = 2.56, d.f. = 1, p = 
0.11). In all females datasets no significant differences were found between 
EL of mating and non-mating individuals.  
The individuals belonging to g2 (larger than switch point) where more 
frequently found in mating than individuals of g1 (Tab. V) (K-W test: H = 
3.86, p = 0.049). 
On the total of 140 observed mating males, 70 males belonged to g1 and 70 
to g2. The mean and standard deviation of male/female EL ratio, calculated 
for the individuals observed mating, resulted 0.97 ± 0.16, the majority of 
matings observed were in the range of 0.8-1.1 (Fig. 4).  
Dispersal was recorded for eleven males and only one dispersal event was 
recorded for each individual. The male M4 (AL = 64.01 mm) covered the 
longest maximum distance (451m) in 26 days. The male M10 (AL = 47.01 
mm) covered the longest mean daily distance (44m), with a maximum 
distance of 220 m in 5 days (Fig.5). 
Overall, 26 males were recorded after having overwintered: six males in 
Allumiere (mean EL ± S.D.: 17.41 ± 2.91 mm), eighteen males in M. 
Cimino (mean EL ± S.D.: 16.32 ± 2.02 mm) and two males in M. Fogliano 
(mean EL ± S.D.: 16.71 ± 2.36 mm); they showed a mean EL slightly 
exceeding the mean EL of the relative populations (Tab. III). Due to the low 
number of overwintered males, no statistic test was performed.  
 

Table V. Number of males belonging to g1 and g2 of each population and 
their relative mating frequencies. N. mated g1 = number of males of g1 
found in mating, N. mated g2 = number of males of g2 found in mating, 
Mating fr. g1 = relative mating frequencies of males of g1 calculated as the 
N. mated g1 / N. g1, Mating fr. g2 = relative mating frequencies of males of 
g1 calculated as the N. mated g2 / N. g2 
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Figure 4. Number of mating events observed within each male/female EL 
ratio categories. In each category was reported the number of males 
belonging to g1 (below the switch point) and g2 (above the switch point) 
observed in mating.  

 

 

Figure 5. Maximum distance (left side) and mean daily distance (right side) 
in relation to the antennal length (AL) of the eleven shifted males (M1-
M11). The maximum distance was recorded between two consecutive 
captures of the individual and the mean daily distance was obtained by 
dividing the maximum distance for the number of days between two 
consecutive captures.  
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Discussion 
 
Previous studies on longhorn beetles highlighted the existence of sexual 
dimorphism in different morphological traits (e.g. foreleg, head, mandibles, 
scape and antennal segments) (Zeh and Zeh 1992; Kawano 2006; Saikia et 
al. 2012). In the present study, sexual dimorphism was confirmed in M. 
asper for various morphological parameters: males had longer antennae 
than females; the antennal length was two times longer than total body 
length in males and slightly longer than body length in females like 
observed in other studies (e.g. Linsley 1961; Cherepanov 1988; Hanks 1996 
a,b). The antennal length of males turned out as the biometric trait with the 
highest variability. Males had a longer pronotum than females, while the 
maximum width of elytra and the elytra length were larger in females. This 
sexual dimorphism suggests that more resources are used for developing the 
anterior body traits in males (e.g. antennae and pronotum), while in females 
more resources are invested into the development of the post-prothoracic 
body parts, which contain the reproductive apparatus.  
Males from Allumiere were larger than those from the other two 
populations, while for females this difference was significant only for the 
comparison of Allumiere and M. Cimino. Two main hypotheses may 
explain this difference in body size: (a) genetic variability among 
populations, probably due to isolation; (b) differences in habitat factors of 
the three study sites. The second hypothesis is supported by the fact that the 
Allumiere beech forest is located at a lower altitude, closer to sea and 
subjected to higher average temperatures in respect to the other two study 
sites. Previous studies on insect populations (Plaistow et al. 2005; 
Hardersen et al. 2011; Painting et al. 2014) claimed that seasonal 
constraints, limiting the feeding resources, can affect adult size. Geographic 
variation in environmental parameters, as well as seasonal changes, can 
produce size differences in populations of a species (Kaiser et al. 2007; 
Entling et al. 2010). Differences in environmental parameters among sites 
may affect the adult size directly, by altering the activity period of the 
larvae and, indirectly, affecting the availability of feeding resources 
(Fattorini et al. 2013; Painting et al. 2014).  
The allometric relationships between the antennal length and the elytra 
length in males of M. asper did not follow a simple linear model; two of the 
three populations exhibited a significant change in the slope described by 
the segmented model. For the males from Allumiere, all three non-linear 
models showed non-distinguishable explanatory power for the AL vs EL 
scaling relationship, including the segmented model. The estimated switch 
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points varied among the populations and the population from Allumiere had 
the highest value of the switch point; this is probably due to the fact that this 
population presents the largest males (see above). Pooling males of the three 
populations, again the segmented model was the best one. All these results 
led us to divide the male population into two groups with two different 
allometric trajectories.  
The positive allometry of g1 males was very steep (1.68-1.92), this indicates 
that males of this group allocate a disproportionate amount of resources into 
antennae than larger males (g2). However, for males larger than the switch 
point (g2) the antennae growth trajectory changes and its allometric 
coefficient is close to 1. For these males the advantage of developing ever 
longer antennae is lower, probably because of practical constraints. To our 
knowledge, only a few other studies reported non-linear allometries in 
insects due to a relative reduction in trait size for the largest males (Pomfret 
and Knell 2006; Painting and Holwell 2013). The various authors seem to 
agree that the changes in the allometric slope may reflect changes in the 
fitness benefits associated with increases in trait size and body size change 
as an animal gets larger. Painting and Holwell (2013) suggest a limitation in 
resource allocation or a diminishing requirement for large males to invest 
increasingly into an exaggerated structure (here rostrum).  
We do not consider the two groups as two different morphs because our 
data did not show a clear bimodal distribution (Knell 2009).  
The competition for resources by the rapidly growing body parts in the pupa 
seems to be the more reasonable hypothesis to explain growth trend like that 
observed in larger males of M. asper  (Huxley 1932; Nijhout and Wheeler 
1996; Knell et al. 2004). In particular, for those beetles with more 
exaggerated characters, the fast growing of secondary sexual traits may 
locally deplete the resources necessary for their body development (Knell et 
al. 2004). Furthermore, the decreasing slope for larger males probably deals 
with genetic variability, hormonal interaction (juvenile JH and ecdysone) 
and feeding resource availability for the development not only of the 
exaggerated structures but also of their trade-off supporting traits (Eberhard 
1982; Emlen and Nijhout 2001; Emlen and Allen 2004; Nijhout 1994; 
Painting and Holwell 2013). In fact, resource allocation trade-offs during 
larval development affects the final size of adult structures (Moczek and 
Nijhout 2004).  
Considering that males observed in mating were generally larger than 
unmated males and that the mated/unmated ratio was higher for larger 
males (group above the switch point) in all three populations, we may infer 
that larger males win more contests and mate more often, as also observed 
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for Monochamus scutellatus (Hughes and Hughes 1982) and as predicted by 
theory (Darwin 1871). Little is known about the reproductive behavior of 
M. asper (Romero-Samper and Bahillo 1993) and there are no information 
about sexual pheromones and intrasexual communication, which in insects 
involves mainly receptors located on the antennae (Cardè and Bell 1995). 
According to Hanks (1999), it seems that Lamiini beetles do not own long-
range sex pheromones; therefore we may suppose that longer antenneae in 
M. asper may increase the surface for sexual pheromone reception giving to 
larger males more chance to detect females. In our study, we may 
hypothesize that in larger males more resources are allocated in trade-off 
supporting traits, i.e. to enlarge and to strengthen the body to bear such long 
antennae, increasing their success in combat.  
However, the male/female EL ratio, for mating pairs was close to 1, with 
the majority of matings in the range between 0.8 and 1.1. This means that 
male and females tended to mate with a partner of more or less the same 
size, evidence for a non-random mating pattern (Hanks et al. 1996a).  
Smaller males were observed outnumbering the larger one in each 
population; this fact may be responsible of an equal mating possibility even 
if smaller males lose contests for mating. Probably small males are favored 
by natural selection due to other factors, such as predation by birds and 
mammals, because they are more hardly detected, however, this hypothesis 
should be tested by further studies.  
For females, no single model best fitted the allometry data for the antennae 
of the three populations and one reason could be the paucity of data points. 
However, pooling all data, the scaling relationship followed a sigmoidal 
model and the data are described by the curve above the inflection point. 
This growth trend means that at first antenna increasing disproportionally 
with overall size (elytra length) and that the AL/ EL ratio decreases as 
females become ever larger, a result that is similar to that obtained for 
males.  
Observing the recorded dispersal, eight of the eleven males showed 
antennae longer than 60 mm and one of them covered the longest distance; 
however, a male with relatively short antennae (47 mm) covered the longest 
distance in less time. Regarding effects of exaggerated structures on 
movements, Goyens at al. (2015) observed that larger males of the stag 
beetle Cyclommatus metallifer (Lucanidae) with exaggerated mandibles 
adjusted their locomotor due to their heavy head appendages.  
Within each population, the mean elytra length of the overwintered males 
was slightly longer than the average of the entire population, and this 
suggests that larger individuals have an higher overwintering probability. 
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Unfortunately, the data on overwintering ability and dispersal were too few 
to allow statistical tests and no firm conclusions can be drawn.  
 
 
Conclusions 
 
Sexual dimorphism in Morimus asper was observed not only in the antennal 
length but also in width and length of elytra. In general, a non-linear 
allometric relationship was found between antennal length and body size in 
males and females showing a positive allometry for smaller individuals and 
an allometric relationship tending to isometry for the largest ones. This 
change in growth rate is stronger in males, where a switch point determines 
a threshold in body size above which males exhibit antennae which scale 
more or less isometrically. Morphometric traits do affect ecological 
features, in particular larger males were observed mating more frequently 
and had a higher probability to survive the winter.  
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Abstract 
Quantitative population studies are strongly needed in order to assess 
conservation status of protected species, and are often carried out by 
Capture-Mark-Recapture methods (CMR). Such a methodology often uses 
artificial marking procedures, which may stress and/or injure individuals. 
Therefore, the exploitation of natural marking (e.g. spots or other individual 
morphological traits) may be a viable alternative to avoid invasive methods. 
In our two-year study, we tested the reliability of the photographic 
identification method on elytra spots of Rosalia alpina. Moreover, we 
provided more information on population ecology and habitat preference of 
the species in order to give suggestions for monitoring programmes. Data 
were collected in two National Parks of central Italy during two years: 
2014-2015. Suitable trees for hosting the species were visually inspected 
from 10:00 am to 4:00 pm from 15th July to 30th August (seven surveys) in 
2014. In 2015 we reduced the number of inspected trees and increased the 
number of sampling surveys in order to get better estimates of population 
size, survival and recapture probability of the species. Computer-aided 
photographic identification resulted in a reliable method for R. alpina 
within a CMR population study. Our results suggested that to optimize 
beetle image acquisition in the field, the use of a small box for single 
specimen containment during acquisition (e.g. a wide mouth square sample 
bottle) allows getting more clearly comparable images to facilitate the I3SC 
screening process. Furthermore, our results also showed that using only the 
elytral central spot contours made the tracing contour process less time-
consuming. In our analysis, the I3SC output scores, obtained from the 
images comparison, were used to identify a threshold value for the 
identification of new individuals or recaptures, facilitating the final 
identification made by operators. In 2015, the adjusted sampling design 
resulted more efficient allowing to get population parameters estimates. The 
species was positively associated to decaying huge trees, in a medium decay 
class, with low canopy closure; these trees hosted also the protected 
longhorn beetle Morimus asper/funereus. Among the selected trees, “key 
trees” for population viability were identified. Forest management should 
promote the maintenance of old and huge trees interspersed within opened 
areas and preserve, in particular, old trees distributed around “key trees” to 
increase dispersal and colonization by the species.  
 
Keywords: Natural marking, Saproxylic insects, longhorn beetles, 
protected species, Habitats Directive, Population size, I3SC software, 
GLMMs 
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1. Introduction 
 
The longhorn beetle Rosalia alpina (Linnaeus, 1758) is a flagship species 
among insects, having a charismatic attractive power for people due to its 
distinctive colorful elytral pattern (Duelli & Wermelinger 2005). R. alpina 
is an obligate saproxylophagous beetle, and then belongs to saproxylic 
beetles, i.e. dependent, during some part of their life cycle, upon the dead or 
dying wood of decaying trees or upon wood-inhabiting fungi, or upon the 
presence of other saproxylics (Speight 1989; Alexander 2008; Stokland et 
al. 2012). 
In terms of insect conservation, this beetle is ranked as a priority species 
and listed in the Annexes II e IV of the European Habitats Directive 
92/43EEC (hereafter HD). The distribution range of R. alpina extends from 
central-southern Europe to northern Turkey and Caucasian region (Sama 
1988; 2002); its current distribution is highly fragmented with few isolated 
populations in most of central Europe (Sama 2002, Binner and Bussler 
2006, Cizek et al. 2009; Jurc et al. 2008). In Italy, the historical distribution 
of the species includes all administrative regions, excluding Sardinia (Sama 
2005; Campanaro et al. 2011). R. alpina is mainly associated to ancient 
deciduous forests dominated by Fagus sylvatica (Lachat et al. 2013) and for 
this reason it is mainly located in Alpine and Apennine mountains. Across 
its distribution range, it has been also recorded from forests of lowland and 
hilly areas, where the species was found associated to different larval-host 
trees (e.g. mountain elm, European ash, sycamore maple) (Sama 1988; 
Ciach et al 2007; Cizek et al. 2009; Michalcewicz et al. 2011; Michalcewicz 
and Ciach 2012; Michalcewicz et al. 2013). As all the obligate 
saproxylophagous beetles, this species requires deadwood for its biological 
cycle, in particular dry sun-exposed deadwood (Russo et al. 2011). The 
larval development lasts 3-4 years, pupation occur in spring and adult 
phenology ranges from July to September (Duelli and Wermelinger 2005, 
Trizzino et al. 2013). Due the short adult life span of R. alpina and its 
specific microhabitat (Drag et al. 2011; Russo et al. 2011), it is difficult to 
choose an appropriate sampling method to obtain data on population 
ecology and to provide a monitoring program (Bosso et al 2013).  
Monitoring protocols for saproxylic beetles listed in the HD have been 
recently discussed (Campanaro et al. 2011; Vrezec et al. 2012, Trizzino et 
al. 2013). The most common sampling method for monitoring R. alpina is 
the visual encounter survey (VES), which requires an high sampling effort 
(i.e. long transects, an high number of sessions). In general, the use of traps 
is more rapid in terms of person/hours needed on field, and odor-traps 
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baited with the specific sexual pheromone may be the best sampling method 
for endangered species with low detectability. In this regard, successful 
examples obtained for Osmoderma eremita (Scopoli, 1773) have been 
discussed (Larsson et al. 2003; Svensson et al. 2009; Chiari et al. 2013b; 
Zauli et al. 2014). A recent study (Ray at al. 2009) tested the attractive 
power of the aggregation pheromone produced by males of the American 
species Rosalia funebris (Motschulsky, 1845), but to our knowledge, until 
now, no pheromone has been identified and synthetized for the European 
species. Another limit to the sampling method, in particular for endangered 
species, is the need of a non-invasive sampling technique. Population 
studies, which aim to gather information on survival ability, demography 
and dynamics, are generally carried out by a Capture-Mark-Recapture 
method (CMR) which allows to recognize each individual and gather 
quantitative data (Amstrup et al. 2005). One of the assumptions of CMR is 
that the marker must be permanent for all the sampling period. The artificial 
marking procedure usually involves capturing and handling, which can 
produce stress and/or lead to injury individuals, and can lead to violate the 
other assumption of CMR about the equal recapture probability of 
individuals. Therefore, natural marking (e.g. spots and other individual 
morphological traits) can be a viable alternative (Bradfield 2004). Some 
successful examples of photo-identification by using the individual coloured 
pattern occur in mammals, reptiles and amphibians (Wilson et al. 1999; 
Bradfield 2004; Gamble et al. 2008; Schofield et al. 2008; Hoque et al. 
2011; Lahiri et al 2011; Knox et al. 2012; Rydell and Russo 2015). In this 
regard, it was recently demonstrated that the colored elytral pattern of R. 
alpina can be used as natural marking for photographic identification by 
visual assessment (Pagola Carte 2011). However, photographic approach 
showed some limits, in particular, it may be complex and time-consuming 
by processing large databases. In this case, the computer-aided matching of 
photographs was a successful solution for individual identification of other 
animals (Kelly 2001, Speed et al. 2007, Hiby et al. 2009, Sacchi et al. 
2010). The photo-identification of R. alpina by using specific software to 
facilitate the identification procedure was recently applied mainly on 
museum collections samples (Caci et al. 2013). However, the reliability of 
computer-aided photographic identification and its feasibility in the field 
(i.e. on natural populations) has never been tested before. 
The present study was performed within the framework of the Project 
LIFE11 NAT/IT/000252 MIPP "Monitoring of Insects with Public 
Participation" (Mason et al. 2015), which aims at testing different 
monitoring protocols for saproxylic beetles listed in HD. 
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We assessed the reliability of computer-aided photographic identification 
method for R. alpina within a two years CMR study and we improved the 
survey sampling design to achieve a quick and efficient method for 
monitoring the species. In particular we aimed to: i) test the reliability of 
computer-aided photo identification to be used as CMR method providing a 
standard field protocol; ii) to define an efficient sampling method for R. 
alpina to obtain population parameters estimates; iii) to get information on 
habitat preference in order to give suggestion for the conservation of the 
species. 
 
 
2. Material and Methods 
 
2.1 Study area 
 
The study was conducted in two National Parks and Sites of Community 
Importance (SCI) of Central Italy: (i) Parco Nazionale Foreste Casentinesi, 
Monte Falterona and Campigna (PNFC), in the Northern Apennines; (ii) 
Parco Nazionale Abruzzo, Lazio and Molise (PNALM) in the Central 
Apennines (Fig. 1).  
Two study sites, Poggio Ghiaccione, and Solforosa, both at mean altitude of 
700 m a.s.l., were selected in the PNFC, within the “Foresta di Campigna, 
Foresta La Lama, Monte Falco” (SCI: IT4080001). The forests of these two 
study sites are mostly closed, mainly consisting of silver fir (Abies alba) 
and beech (Fagus sylvatica), with minor presence of other deciduous 
species (e.g. Acer pseudoplatanus, Fraxinus excelsior, Carpinus betulus). 
The other three study sites were selected in the PNALM within the “Parco 
Nazionale d’Abruzzo” (SCI: IT7110205). Two study sites, Difesa di 
Pescasseroli (1.348 m a.s.l.) and Val Fondillo (1.217 m a.s.l) are 
characterized by pure beech forests with wide clearings including old-
growth trees; the third study site, Zio Mas (1.694 m a.s.l) is characterized by 
fragmented beech woodlands interspersed among open mountain 
grasslands. 
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Figure 1.  Study sites selected for surveying Rosalia alpina within two 
National Parks of Central Italy  

 
 
2.2. Fieldwork and data collection 
 
In 2014, an explorative sampling was performed in the two study sites of 
PNFC and in the three study sites of PNALM. In 2015, the same sampling 
design of 2014 was conducted in the two study sites of PNFC, while an 
adjusted sampling design was performed only in the two study sites of 
PNALM because the highest species abundance was recorded there in 2014, 
i.e. Difesa di Pescasseroli and Val Fondillo.  
 
 
2.2.1 Rosalia alpina sampling design 2014 
 
We selected 136 suitable trees for hosting R.alpina (e.g. standing dead or 
moribund trees and fallen big trunks, without part or the entire bark, with 
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presence of emerging holes of longhorn beetles): in Soflorosa (28 trees), 
Poggio Ghiccione (28), Val Fondillo (28); Difesa di Pescasseroli  (30) and 
Zio Mas (30). 
Trees were visually inspected during the warmest hours, from 10:00 am to 
4:00 pm, every seven days (avoiding rainy and windy days) for a total of 7 
surveys for each study site. The survey’s duration varied in relation to 
number of captures and intrinsic field features. Surveys were performed 
from 15th July to 30th August, i.e. during the adult flight period. In order to 
inspect each tree at different daytime, we inverted the tree sampling order 
on every subsequent survey. 
Data were collected by following CMR method: adults were captured 
directly by hand or with an insect net and then released in the same spot 
after the marking procedure.  At first capture, adults were sexed and marked 
by using the two types of marking: 
1) Artificial marking, by writing a progressive number of capture on the 
elytra with a non-toxic black permanent color (Stabilo S OHPen universal) 
(cf. Drag et al. 2011). The number was reported on both elytra to reduce at 
minimum the possibility of loss of data (for example in cases of ink 
abrasion or by recognizing dead individuals with single elytral remain).  
2) Natural marking, by photographing the adult dorsal surface to acquire 
images of the elytral spots in order to recognize each specimen. During 
image acquisition, according with Caci et al. (2013), the angle under which 
images must be taken should not exceed 30°. For this reason, and in order to 
standardize pictures of our database, each individual was placed on the 
bottom of a 1000 ml High Density Polyethylene (HDPE) wide mouth 
square sample bottle. Pictures were taken by putting the camera lens 
(Canon® PowerShot D20) directly on the mouth of the bottle, so that the 
framing angle was maintained as much as possible perpendicular to the 
specimen. In most cases, within the bottle, individuals usually remained 
quiet, so that the image acquisition was relatively easy; pictures were made 
for each adult when it was completely still and, such as possible, placed in 
the centre of the bottle. Four pictures were collected for each individual in 
order to choose the best one during image analysis.  
During the surveys, when a previously marked beetle was intercepted (i.e. 
recaptured), the number of the individual was annotated and its elytral 
pattern images were acquired. The same procedure was made for marked 
remains of dead individuals. 
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2.2.2 Collection of environmental variables in 2014 
 
The selected trees were mapped using a Global Positioning System (GPS) 
receiver (Garmin 60CSX) and for each tree, we measured nine 
environmental variables (cf. Ranius and Jansson, 2000; Redolfi De Zan et 
al., 2014).  
Garmin MAP Source software was used to measure the distance of the 
nearest colonized tree (DNC); tree diameter (DBH) was calculated by 
measuring the tree girth at 1.30 m from the ground; tree status (TS) was 
assessed by coding each tree with one of the three categories: dead, 
decaying and living tree. Tree height (TH) was measured by using the 
Smart phone application Measure Height 1.4 (Android Play Store); canopy 
closure (CC) was measured by visual assessment in an area of 5-10 m of 
radius around each tree. Presence-absence data were recorded for cavities 
(CA), woodpecker activity (WA) (i.e. foraging holes made by woodpeckers) 
and for the typical shallow laying pits of Morimus asper/funereus (MLP) 
(Sama 1988, Romero-Samper and Bahillo, 1993), which is another 
saproxylic longhorn beetle listed in Annex II of HD. Finally, the wood 
decay class (WDC) was measured according to Hunter (1990), based upon 
the degree of penetration of a knife blade (Opinel n°8), attributing each tree 
to one of the five decay classes. WDC is classified in five categories: I) 
recently dead, no evidence of decay, intact bark; II) solid wood, less than 
10% of decaying wood, knife blade penetrates less than 1 cm, intact bark; 
III) 10% to 25% of decaying wood, knife blade penetrates up to 1 cm, and 
soft wood in surface with some bark slippage; IV) more than 26% decaying 
wood, knife blade penetrates more than 1 cm, and soft wood to the touch 
also in depth, bark missing; V) 76% to 100% decaying wood, highly soft 
wood throughout its entire thickness.  
 
 
2.2.3 R. alpina adjusted sampling design 2015 
 
In 2015, taking into account results obtained in 2014 (see section 3.1), only 
the natural marking was used; each adult was sexed and photographed at 
every capture. In addition, remains of dead individuals collected at the base 
of inspected trees were photographed with the same method.  
The sampling design was modified in order to get more information on 
survival and recapture probability of the species by following the 
suggestions of MacKenzie and Royle (2005). The number of surveyed trees 
was reduced to 15, maintaining those trees where the species was found in 



84 

 

2014. If the species had been found in few trees, we maintained also the 
more suitable trees for the species among the original selected ones, in order 
to achieve a total of 15 trees. Reducing the number of trees allowed us to 
reduce the sampling effort, of each survey. We increased the number of 
surveys to 14 in each study site, two surveys per week: four consecutive 
sampling days, alternating two sampling days between the selected study 
sites (i.e. Difesa di Pescasseroli and Val Fondillo), followed by three days 
of rest. Finally, we reduced the sampling period to 21st July - 28th August, 
on the base of the local phenology observed in the previous year. As in 
2014, we inverted the tree sampling order on every subsequent survey. 
 
2.3 Data analysis 
 
2.3.1 The I3SC software 
 
Photographic analysis was conducted by using the Interactive Individual 
Identification System version ‘‘Contour’’ 3.0 (hereafter I3SC) (Van 
Tienhoven et al. 2007), available on http://www.reijns.com/i3s/index.html. 
I3SC was already applied to R. alpina identification by Caci et al. (2013). 
Briefly, I3SC allows to trace the contour (i.e. fingerprint) on the elytral 
black spots of R. alpina image, using a semiautomatic tracing algorithm. 
The screening process is made by matching the contour of the unknown 
individual under examination with the contours of all the images included in 
the reference library (i.e. all photo records of known individuals). The 
match output gives a ranked photo list where each rank shows a score value 
of similarity between the two contours matched; therefore, photo ranked at 
first place shows the contour most similar to the one of the unknown 
individual under examination. The perfect match between two fingerprints 
will correspond to a zero score in the first rank position. However, the final 
identification, between the unknown image and those ranking highest in the 
database (i.e. ranks 1-3), is always left to the operator (Caci et al. 2013). For 
further information about the use of I3SC we refer to den Hartog and Reijns 
(2011).  
 
 
2.3.2 Photographic analysis 
 
Dataset of 2014, containing artificial marking data and photo-records data, 
was used to validate the photographic identification method performed by 
I3SC, i.e. evaluating whether the software made errors in the identification 
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of recaptured individuals. Only one of the four pictures of each individual 
was used, obtaining a total 148 pictures, which built up the database for 
analysis. This led to the condition that recaptured individuals had at least 
two images in the dataset: the image of first capture (i.e. mark event) and 
the images of the recapture events.  
The validation procedure was performed in the three following steps:  
1) The elytral spot contours were traced for each image and all the 148 
images were included in the reference library.  
2) Images were matched one by one against the reference library. In this 
way, we obtained two comparisons for images of the recaptured individuals: 
the first one match between the image of the first capture (mark event) 
against the reference library in which is included the image of recapture 
events, and the second one match between the image of recapture event 
against the reference library in which is included the image of the first 
capture (mark event). Therefore, we obtained three results for recaptured 
individuals: i) correct identification, i.e. the correct images ranked in the 
three top positions of the output score rank list (Caci et al. 2013); ii) 
erroneous identification, i.e. no correct identification occurs in both 
matches, and iii) discrepancy, i.e. erroneous identification occurs in one of 
the two matches.  
3) We recorded errors and discrepancies for the identification of recaptured 
individuals by comparing the I3SC results with the artificial marking of the 
specimens. 
In order to find out a less time-consuming contour tracing method, the 
validation procedure was separately performed using contours of different 
spots area of the elytra: the total elytral spot contours (TSC) and a contour 
for each pair of elytral spots: anterior spot contours (ASC), central spot 
contours (CSC) and posterior spot contours (PSC) (Fig.2). 
One-way Anova test was performed to compare the discrimination power, 
i.e. Delta score, of the best two tracing methods. The Delta score is defined 
as the difference between the score of the correct recapture identification 
ranked at first place (or at most 2nd and 3rd) and the subsequent ranked score 
identified as a different individual. 
The time spent in the contour-tracing operation, made by a trained operator, 
was recorded by an analogic chronometer for the two best contours, for a 
random sample of images (n = 20) in order to compare the two best methods 
(Kruskall-Wallis test). 
The best contour was used for the photographic analysis of the dataset of 
2015.  
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In 2015, 222 individuals were photographed. In this case, we had no 
information about recaptures in the dataset because no artificial marking 
was used. Therefore, we proceeded by including in the starting reference 
library only the images of individuals photographed in 2015 during the first 
survey among the study sites (i.e. 33 images). Then the new images 
collected during the subsequent surveys were progressively included in the 
library as new individuals or recaptured individuals. 
One-way Anova test was used to compare, in each year and between years, 
the first ranked score obtained for the identification of new individuals and 
recaptures, and to compare Delta score of recaptures identifications between 
years.  
Finally, we graphed match frequencies and Delta scores in order to identify 
a possible threshold value of scores facilitating the operator in the final 
identification of new individuals and recaptured. 
 
 

 
Figure 2. Comparison of four spot contours of Rosalia alpina. Figure shows 
the four different contours from left to right: total spot contours (TSC), 
anterior spot contours (ASC), central spot contours (CSC) and posterior 
spot contours (PSC). 
 
 
 
2.3.3 Population analysis of 2014 and 2015 
 
Population analyses were performed on 2014 and 2015 datasets of Difesa di 
Pescasseroli and Val Fondillo, in order to get comparisons between data 
gathered with the two different sampling designs in each study site 
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Sex ratio of marked individuals was analyzed by Kruskall-Wallis test for 
each study site.  
Total number of marked individuals per tree and adult shifts in 2014 and 
2015 were obtained. Shifts were recorded as the linear distance between the 
spots of two consecutive captures.  
Population size was estimated by using two different models:  
1) POPAN parametrization of the Jolly-Seber open population model 
(White and Burnham, 1999) implemented in Mark software (Cooch and 
White 2015) was performed using CMR data. This model allows to estimate 
the population size N and three primary parameters: φi- apparent survival 
probability, pi- recapture probability, and penti- the probability of entering 
the population (combining birth and immigration). Models were built with 
parameters φ and p constant in time (.) or time-dependent (t). We assumed 
the probability of entering the population always time-dependent: pent (t).  
N-hat (daily population size estimates) were graphed for the best POPAN 
model to visualize and compare phenology and species abundance in 2014 
and 2015. 
2) Royle Repeated Count (RRC) model (Royle 2004) was performed to get 
an estimate of the population size by recording the abundance (i.e. number 
of sighted individuals per tree) of the species over multiple surveys, by 
using PRESENCE 8.3 software (Hines & MacKenzie 2004).The coefficient 
of variation (CV) of the models was calculated as the standard error (SE) of 
the population size estimate (N) divided by the number of individuals 
estimated (N), it indicates the precision of the estimate. For POPAN models 
as well as RRC models the Akaike Information Criterion (AIC) model 
selection procedure was used to select the best model. 
 
 
2.3.4 Habitat preference analysis 
 
Due to the paucity of data gathered in PNFC, habitat preference analysis 
was performed by using the 2014 dataset of the three study sites of 
PNALM: Difesa di Pescasseroli, Val Fondillo and Zio Mas. In these study 
sites, all trees were standing trees, and no tree showed class V of WDC. 
Principal component analysis (PCA) was performed on the environmental 
variables to visualize the similarity among the three study sites and a 
MANOVA test was computed to find which variable was significantly 
different among the three study sites.  
In order to investigate the habitat preference of adult beetles, we used 
Generalized Linear Mixed effects Models (GLMMs) (family = poisson, link 
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= log, “glmer” function in lme4 R-package) between marked individuals 
(response variables) and the 9 environmental variables (explanatory 
variables, fixed effect). To take into account an unknown variation in the 
number of marked individuals, due to site features and adult phenology, we 
applied two random effects on the intercept (separately or in combination): 
Site (3 levels) and Survey (7 levels). The AIC and a Likelihood Ratio Test 
(LRT), were used to select the best random effect model; then, backward 
selection and AIC were used to obtain the best final model. The Variance 
Inflation Factor (VIF) was computed to highlight collinearity among the 
explanatory variables; all the variables with VIF values below 4.0 were 
considered without a serious collinearity and retained for building the 
GLMMs models.  
 
The habitat preference analyses and parametric and non-parametric tests, 
overall data analysis, were performed using R3.0.3 software (R 
Development Core Team 2010). Data were normalized (when required) for 
parametric test using logarithmic function; the alpha set for all the analyses 
was 0.05.  
 
3. Results  
 
3.1 Photographic analysis 
 
The 2014 dataset included photo records of 148 individuals gathered from 
the study areas: 133 marked (n = 13 from PNFC and n = 120 from PNALM) 
and 15 recaptured (all from PNALM), of which 12 living individuals and 3 
dead individuals (remains). 
In Table 1 are shown the results of the validation procedure obtained by 
comparing the artificial marking with the identification results of I3SC 
analysis of recaptured individual images. Among the four types of contours 
used for this analysis, TSC and CSC identified correctly all the 12 images of 
recaptured living individuals, and both types of contours ranked the correct 
image at first place of the output list. In both methods, the same erroneous 
identifications occurred for the 3 images of marked remains of dead 
individuals. 
The mean and standard deviation of Delta score for recaptured identification 
resulted: 2315.8 ± 1948.4 for CSC and 3791.13 ± 2551.8 for TSC. Both 
methods discriminated in the same way (F = 3.16, d.f. = 1, p = 0.09).  
The total time spent for tracing the spot contours of 20 images was 24.13 
minutes for TSC and 15.27 minutes for CSC. The mean and standard 
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deviation of the time used for the contour-tracing procedure on a single 
image was 48.7 ± 6.3 sec for TSC and 24.5 ± 2.9 sec for CSC. Comparing 
the two methods, CSC turned out to be the less time-consuming contour 
tracing method ((H = 29.27, p < 0.001). 
The 2015 dataset included 222 images of which 35 photo records from 
PNFC (34 individual and 1 remains of dead individual) and 187 photo 
records from PNALM (180 individuals and 7 remains of dead individuals). 
The starting reference library only included 33 individuals, those 
photographed in the first survey among the study sites (n = 15 from PNFC 
and n = 18 from PNALM).  
The I3SC identification procedure by using the CSC less time-consuming 
contour tracing method, gave back the following results for new individuals 
(NI) and recaptures (R): 32 NI and 3 R in PNFC, 135 NI and 45 R in 
PNALM. Of the 48 R, 91.7% (n. 44) was ranked at first score, 6.2% (n. 3) 
was ranked at second score, and 2.1% (n. 1) was ranked at third score. Only 
one error for a single NI, which was recognized as a recapture, was found 
for an image collected in PNFC. All images of remains of dead individuals 
(n. 8) under examination were identified as NI. 
On the total identifications, the first ranked scores of NI showed higher 
values than that of R in 2015, while no difference resulted in 2014 (Table 
2). Between years, NI and R first ranked scores of 2014 resulted higher than 
2015, while no difference resulted for Delta score for R identification. 
In 2015, the highest number of matches, which identified NI were recorded 
within the range 7,000 - 10,000 of first ranked scores, highlighting 8,000 as 
a good threshold to identify a new specimen from that value onward (Fig. 
3). Match frequencies of R resulted partially overlapped with that of NI, 
therefore it is difficult to identify a clear threshold for the identification of 
recaptured individuals by using only the first score value. Of the 48 
recaptures, 32 showed a Delta score > 1,000; this Delta score value was 
used as good threshold to be confidence in R identification in 2015. The 
remaining 16 recaptures of 2015 with delta score < 1,000, which can 
indicate uncertainty, were recorded mostly for R with first ranked scores 
ranging between 5,500 and 7,500 (Fig. 3). 
 
 
 
 
 
 
 



90 

 

 
Table 1. Results of the 15 recaptured individuals, obtained from the 
validation procedure of I3SC using the four different elytral spot contours. 
Total spot contours (TSC), anterior spot contours (ASC), central spot 
contours (CSC) and posterior spot contours (PSC). 

 
 
 
 
 
 
Table 2 Comparisons of Mean and SD of first ranked score for individuals 
identified as new (NI) and individuals identified as recaptured (R), and 
Delta score between first and second ranked scores of recaptured 
identifications, for dataset of 2014 and 2015. 
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Figure 3. In figure are shown the number of matches for new individuals 
(NI) and recaptures (R) respect to their first ranked score value given in 
I3SC for the dataset of 2015. Uncertainty in R. identification is represented 
by Delta score < 1000. The scores of NI over 19,000 (range 20,000-29,000, 
only 1 match) were excluded from the graph for better visualizing the 
frequencies.  
 
 
 
3.2 Population analysis 
 
Sex ratio of marked individuals was in general unbalanced in favour of 
males (Table 3), with a significant difference observed in 2015 for Val 
Fondillo (VF) (H = 4.42, p = 0.03) and an almost significant difference for 
Difesa di Pescasseroli (DP) (H = 3.43, p = 0.06). 
In each study site, the same tree had the highest number of marked 
individuals in both years (Fig. 4). The percentage values of recaptured 
individuals were: 7.8 % in DP and 3.7 % in VF in 2014; 25.3% in DP and 
18.8 % in VF in 2015. In 2014, no female was recaptured while 7 males 
were recaptured only once. In 2015, two females were recaptured only once, 
20 males were recaptured once (15 in DP and 5 in VF) and 10 males more 
than once (5 in DP and 3 in VF were recaptured twice, 1 in DP trice and 1 
in VF four times). 
In 2015, two shifts were recorded in VF: one male was recaptured at 165 m 
from the first capture spot, after18 days; one female was recaptured at 371 
m after 2 days. Four shifts were recorded in DP: 68 m (one female, after 
two days); 226 m (one male, two days); two shifts of 750 m each one (one 
male in three days between the same two trees, i.e. 1.5 km in 6 days). 
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The two models used to estimate population size showed similar values in 
both years for DP dataset (Table 4). The best POPAN model selected by 
AIC for VF 2014 resulted the fully time dependent model φ(t)p(t)pent(t), 
which did not give reliable estimates due to lack of fit of the capture history. 
Therefore, in order to allow comparisons between population size estimates, 
we reported for VF 2014 the only reliable value (N = 55 ± 10) obtained 
from the most parsimonious model φ(.)p(.)pent(t) (delta AIC < 7). Adult 
phenology resulted anticipated in 2015 respect to 2014, and the daily 
population size estimates varied between years, in particular in VF (Fig. 5). 
Survival probability showed the highest value in 2015 (Table 5) and the 
observed longest life span was of 20 days for two individuals (8-28 August, 
2-22 August) in VF 2015.  
 
 
 
 
Table 3. CMR data of 2014 and 2015 recorded in the two study sites of the 
Abruzzo region: Difesa di Pescasseroli (DP) and Val Fondillo (VF).  
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Figure 4. Number of marked individuals found in each tree during 2014 and 
2015 at Difesa di Pescasseroli (DP) and Val Fondillo (VF). Trees with ‘*’ 
were surveyed in both the years. 
 
Table 4. Population size estimates (N) and standard error (SE) obtained by 
using CMR data (POPAN model) and abundance data (RRC model) of the 
two study sites: Difesa di Pescasseroli (DP) and Val Fondillo (VF); for each 
estimate is reported the coefficient of variation (CV). (*) The only reliable 
population size estimate among the POPAN models is given by φ(.)p(.)pent(t) for 
VF 2014 (see 3.2). 
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Figure 5. Phenology and abundance of marked individuals of 2014 and 
2015 in Val Fondillo (VF) and Difesa di Pescasseroli (DP). The graphic 
shows the estimated daily population size (N-hat) of the best POPAN model 
selected by AIC (excepted for VF 2014 model, which was not placed at first 
AIC score, but it was the only model which estimated population size and 
N-hat, see 3.2). Thirteen surveys are reported in 2015 instead of fourteen, 
because one missed due to bad weather conditions in both study sites. 
 
Table 5. Primary parameter estimates φ (survival probability) p (recapture 
probability) pent (probability of entering the population) of best POPAN 
population model in the two study sites, Difesa di Pescasseroli (DP) and Val 
Fondillo (VF). For each model are reported the AICc values, AIC weigth, 
Maximum Likelihood and Number of Parameter estimated. For parameters 
time dependent (t), it was reported the mean and SE of the reliable estimates 
given in Mark program.  

(*) The only reliable parameter estimates among the POPAN models for VF 2014 
(see 3.2). 
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3.3 Habitat preference analysis  
 
PCA analyses showed a strong dissimilarity in environmental variables 
between Zio Mas (ZM) and Difesa di Pescasseroli (DP), while Val Fondillo 
(VF) resulted in an overlapping between them(Fig. 6). Of the nine principal 
components axes, PC1:PC7 explained the 94% of cumulative proportion of 
variance. Six variables differed significantly among sites: DBH (r2 = 0.59, p 
= 0.001), WDC (r2 = 0.27, p = 0.001), WA (r2 = 0.21, p = 0.001), MLP (r2 = 
0.18, p = 0.001), DNC (r2 = 0.13, p = 0.01) and TH (r2 = 0.07, p = 0.04). In 
particular, ZM showed: a lower number of trees involved by WA and MLP 
and trees with smaller diameter (Mean and SD: 40 cm ± 13) respect to DP 
(Mean and SD: 118 cm ± 23) and VF (Mean and SD: 72 cm ± 38). A larger 
number of trees of middle-advanced decay status was observed in DP 
(WDC class I: 0 class II: 3 class III: 16 class IV: 9) respect to ZM (WDC 
class I: 1 class II: 15 class III: 12 class IV: 0 ) and VF (WDC class I: 1 class 
II: 11 class III: 16  class IV: 0). Colonized trees were closer each other and 
uniformly distributed in DP (Mean SD: 112 m ± 78), respect to the grouped 
distribution (SD ≥ Mean) in VF (Mean SD: 226 m ± 217) and ZM (Mean 
SD: 360m ± 389).  
Testing the two random effects on the starting model with full variables 
(nine environmental variables), the best model selected by AIC resulted M3 
(Site + Survey as random effect) which was significantly different from the 
model M2 (Survey random effect) (LRT: Chisq. = 97.83, df. = 1, p < 
0.0001) (Table 6a). The final best model obtained by backward and AIC 
selection resulted M3a (deviance = 445.3, df. resid = 605, r2 = 0.65) with 
seven significant explanatory variables: tree status, tree diameter, tree 
height, wood decay class, canopy closure, presence of cavities and presence 
of Morimus laying pits (Table 6b). 
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Figure 6. Ordination plot obtained by PCA analysis on the environmental 
variables collected for the selected trees of the three study sites in the 
Abruzzo region: Difesa di Pescasseroli (DP), Val Fondillo (VF) and Zio 
Mas (ZM). 
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Table 6. Generalized Linear Mixed effects Poisson Models results. a) 
Random effects selection and backward selection of the best model (with all 
significant explanatory environmental variables) for Rosalia alpina (number 
of marked individuals). For each model are reported the AIC value and 
Delta AIC for selecting the best model, the value of variance (Var.) and 
standard deviation (SD) of each random effect and the two r2 values of the 
model (considering the fixed effects and the random effect). Total number 
of marked individuals = 117, total number of observations = 616 (88 trees x 
7 surveys), random effects levels: Site = 3, Survey = 7. b) Parameters 
estimates and standard error (S.E.) of the seven explanatory variables of the 
best model; significant codes: 0 ‘***’, 0.001 ‘**’, 0.01 ‘*’, 0.05 ‘.’. 
Environmental variables abbreviations: TS = Tree Status (three categories 
living, decaying and dead tree), DBH = Tree Diameter, WDC = Wood 
Decay Class, TH = Tree Height, CC = Canopy Closure, CA = Cavity, MLP 
= Morimus laying pits (see Table I). 

 
 
 
4. Discussion 
 
Population studies of animal species should be carried out carefully if they 
involves artificial marking (Hagler & Jackson, 2001); this is particularly 
true for Rosalia alpina, its being a species protected under the European HD 
and having slight elytra and delicate body, this requiring special care during 
the handling. Therefore, some studies (Campanaro et al. 2011; Trizzino et 
al. 2013) have suggested using natural marking in population studies, based 
on individual identification, for monitoring the species. 
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Our study demonstrated that the computer-aided photographic identification 
method, by using images of natural marking of R. alpina, is a reliable 
method for a CMR study. 
In our sampling protocol, we used a wide mouth bottle to facilitate the 
image acquisition of the elytral pattern and to speed up the fieldwork during 
the CMR procedure, responding to the criterion of an instantaneous marking 
(Amstrup et al. 2005). The photographic framing constraints given by the 
square bottle, allowed us to obtain standardized and comparable images, 
giving the best conditions for the analysis performed with I3SC software. In 
fact, the I3SC performance resulted with the 100% of living recaptured 
individuals correctly identified considering the first three top positions in 
the output list, and the 91.7% if we consider only the first rank position. 
Caci et al. (2013) obtained similar results using a dataset mostly made by 
images of museum specimens: 94.8% when considered the three top 
positions, and 92.1% if considered only the top rank. However, the 
identification procedure resulted limited when the I3SC examined images of 
dead individual remains, probably because these assumed a different shape 
due to degradation process. 
The approach followed in this study, by comparing the contours of different 
elytral spots, suggested that using either only the central spots or the total 
number of spots we gather images which allow the same level of correct 
identification among individuals. Indeed, the variation that allows the 
correct discrimination is mainly concentrated in the central elytral spots. 
Sub-setting an area of the natural marking is a technique used in other 
studies, in particular when the analysis are performed by following the ROI 
approach, i.e. by selecting the region of interest of the image (Hoque et al. 
2011; Lahiri et al. 2011). Both contours, central and total spots, have 
returned the same identification results, but using only the central spot 
contours made the tracing contour process less time-consuming, reducing 
the image elaboration to half the time. In few cases, the central spot 
contours of two different specimens resulted very similar, therefore, the 
operator must focus the attention on the anterior or posterior spots in the 
final recognition. When individuals exhibited one elytron damaged or 
covered by the wing, only two specimens in our dataset, it was possible to 
perform the match by using the contour of only one elytron (Caci et. al. 
2013). In our case, during the identification process, it was possible to find a 
threshold of certainty to identify new individuals or recaptures by looking at 
the first score value (or at least the second or third score) in combination 
with the discriminant value (i.e. Delta score). Even if the final decision must 
be always carried out by the operator, the screening process is facilitated by 
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I3SC software, otherwise it would be time-consuming and hard to perform 
manually (Kelly 2001, Speed et al. 2007; Sacchi et al. 2010). Although the 
photo identification method used in our study does not avoid the need of 
capture, the procedure that we performed was quick and probably less 
invasive than other marking methods. Indeed, photographic identification 
method limited the manipulation of individuals respect to the artificial 
marking procedures, like observed in other studies (Bradfield 2004; Gamble 
et al. 2008; Hoque et al. 2011, Knox et al. 2012). 
The two different models used to estimate population size resulted almost 
equivalent in Difesa di Pescasseroli, while showed very different estimates 
for Val Fondillo, in both years. Probably, the Royle Repeated Count model 
works better when the species abundance is distributed more uniformly 
among the surveyed trees during the sampling period, like in Difesa di 
Pescasseroli, otherwise it could underestimate the population size due to 
violations of prior parameters assumptions of the model (Royle 2004). On 
the other hand, also the POPAN model did not give reliable population 
parameter estimates for Val Fondillo in 2014, due to the low amount of data 
collected. 
Sampling designs and data analysis to get information on population 
parameters and species ecology were largely discussed (Williams et al. 
2002; Burnham and Anderson 2002; MacKenzie at al. 2004; Thompson 
2004; Amstrup et al. 2005; Sutherland W.J. 2006). In this study, adjusting 
the sampling design by inspecting the sub-set of trees selected in 2014, and 
by increasing the number of surveys, allowed us to get population estimates 
in the same sites where it was performed in 2015, acquiring more 
information on survival probability and dispersal. In our case, the sampling 
effort was reduced in some aspects (lower number of trees to inspect and 
hours per survey) but increased in others (a higher number of surveys); 
however, this approach is generally suggested for species with low 
detectability (MacKenzie and Royle 2005).  
Sex ratio and sex recapture rate observed in both years led us to suggest a 
higher detectability of males, probably due to their greater activity, like 
observed in other beetles (Tikkamäki and Komonen 2011, Chiari et al. 
2013a). Probably, females are more elusive, but previous data showed that 
they move from a tree to another to find sites for laying eggs (Drag et al 
2011); in this regard, the only two females recaptured in our study were 
both found in a different tree from the one of their first capture. Dispersal 
was observed for few individuals, and the longest distance was recorded for 
a male, 750 m, which was slightly higher of that one observed by Drag et al. 
(2011). In both years, the higher percentage of marked individuals was 
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recorded for the same tree; similar aggregative behaviour was observed in 
other longhorn beetles (Hanks et al. 1999). The trees in which was found 
the highest number of marked individuals may represent a “key tree” for 
population viability, and could give information on the population trend 
during a monitoring program. In the study sites, where the distribution of 
suitable trees was scattered, dispersion could have been limited and have 
suffered of the gap effect given by large areas where no suitable habitats 
occur (Bosso et al. 2013). This distribution pattern may result in isolation 
between populations and consequently it may increase the local extinction 
risk (Hanski and Gagiotti 2004, Laschat et al. 2013). A low number of data 
was collected in the PNFC, which resulted to be a less suitable area respect 
to PNALM, where the species showed different patterns of abundance in the 
three study sites. Decaying huge trees, in the III-IV stages of decay class, 
mainly located in opened areas (i.e. with a low canopy closure), represented 
the preferred habitat of the species, like observed in previous studies (Duelli 
and Wermelinger 2005, Russo et al. 2011). The sun-exposed location of 
trees may limit the humid microclimate typical of the trunk cavities, 
explaining their negative association with the species. Trees colonized by R. 
alpina represented also a good host plant for M. asper/funereus. These two 
species may be probably considered as umbrella species for the saproxylic 
community, like another longhorn beetle Cerambyx cerdo (Buse et al., 
2008). Therefore, old huge trees confirmed their important role as resource 
for saproxylic beetles (Ranius and Jansson, 2000; Lindhe et al. 2005, 
Redolfi de Zan et al., 2014) and in our study the co-occurrence of two 
species currently protected by the Habitats Directive 92/43EEC, highlighted 
the need to preserve these kind of trees.  
 
 
5. Conclusions with implication for monitoring plans 
 
The computer-aided photographic identification method resulted to be a 
reliable, less invasive method for population studies on Rosalia alpina. 
Nevertheless, to facilitate the identification procedure with I3SC software, 
images must be taken following some advices. We suggest to standardize 
pictures limiting the framing angle variations by photographing the 
specimens within a polyethylene wide mouth bottle or a similar tool, 
facilitating the procedure on field. Furthermore, using only the elytral 
central spot contours in the I3SC software, made all the identification 
procedure less time-consuming.  
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After a first explorative year, an adjusted sampling design by balancing data 
acquisition and sampling effort may result in a quick and more efficient 
sampling protocol, always in relation to the aim of the research. This 
approach can represent a good strategy, in particular when the target species 
shows a reduced abundance and scattered distribution. Finally, trees 
identified as “key trees” for the species must not be removed, because they 
ensure the population viability and give information on phenology and 
growth population trend during a monitoring program. The forest 
management should promote the maintenance of old and huge trees 
interspersed within opened areas and, in particular, should preserve old trees 
distributed around “key trees” to increase dispersal and colonization by the 
species. 
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CHAPTER 5 
 

Conclusions with implications for conservation and forest management  

5.1 Summary of the results 

5.1.1 Results of chapter 2: Overwintering ability and habitat preference of 
the threatened longhorn beetle Morimus asper / funereus: a two years mark-
recapture study with implications for conservation and forest management. 
 
The long adult lifespan in natural conditions that we observed, more than 
400 days, was never evidenced before this study. M. asper is able to 
hibernate, probably inside refugees under bark or within tree hollows, where 
it can survive the low temperatures of winter (Baur et al., 2005). The survey 
protocol performed (inspecting suitable trees for the species in several 
surveys) allowed us to collect many data about M. asper. The adult 
phenology showed two peaks of activity (middle of May and middle of 
June) with no difference between sexes. Behavioral aspects (females are 
more elusive and males more visible) probably affected the sex rate and sex 
recapture rate in favor of males (Drag et al. 2011, Tikkamäki and Komonen 
2011, Chiari et al. 2013). The dispersal ability of M. asper is for sure 
influenced by its flightless condition; however, the high recapture rate on 
the same tree can also be a consequence of sedentary behavior (Hanks 
1999). The differences in population abundance observed between two 
years can be explained by the natural fluctuations of adult emergencies due 
to the long larval development period of the species (Samways, 2005) in 
combination with natural (e.g. tree fell that releases attractive compounds) 
or anthropic events (e.g. dead wood removal which reduces resource 
availability). The recapture probability was generally temperature 
dependent, suggesting an ideal range of mean daily temperature of 15-26°C 
for survey. In the three study sites investigated, most of captures and mating 
events of both years were recorded on a single huge tree; this can allow us 
to define this tree like a “key tree” for the population. Exit holes and 
shallow laying pits resulted positively correlated to some woodpecker 
variables, confirming the importance of the larvae as trophic resources for 
birds (Pechacek and Kristin, 2004). Furthermore, these two Morimus 
features showed a negative correlation with canopy closure, which could 
mean that the species prefer trees with sun exposed parts for laying eggs 
and consequently for larval development (Albert et al., 2012). The species 
showed preference for the lying position of tree (i.e. dead or recently dead 
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trees) with minor and major branches on the ground, like observed for other 
saproxylic beetles (Cocciufa et al., 2014; Ranius and Jansson, 2000; Redolfi 
de Zan et al., 2014). Canopy closure showed a positive effect on adult 
abundance, because probably high canopy cover in the surrounding of lying 
trees preserves the preferred range of daily temperature. Furthermore, the 
species prefer the early and medium stages of decaying wood. Probably, 
like observed in Cerambyx cerdo (Buse et al. 2007), a tree at higher decay 
stage could have already been overexploited and not represent more a good 
substrate for egg laying and larval developing.  
 
 
5.1.2 Results of chapter 3: Sexual dimorphism and intra-specific allometric 
relationships between secondary sexual character and body size in Morimus 
asper/funereus.  
 
The sexual dimorphism assessed in our study, suggests that in males, a great 
investments of resource is directed in development of anterior body traits 
(e.g. antennal and pronotum length), whereas, in females, more resources 
are invested for developing wider and longer posterior body traits, which 
contain reproductive apparatus. The allometric relationships between 
antennal length and elytra length in males exhibits a significant change in 
the slope described by the segmented model, with a switch point dividing 
the male population in two groups. From the switch point elytra value 
onward (i.e. larger males), the growth rate between the two morphological 
traits is lower than that of males with elytra length below the switch point 
(i.e. smaller males) (Goldsmith 1985; Pomfret and Knell 2006). Due to 
some overlaps in the independent variable, it is difficult to identify two 
morphologies (Knell 2009). However, smaller males showed a positive 
allometry while larger males growth trend tends to isometry (Emlen and 
Nijhout 2000; Pomfret and Knell 2006). The growth trend observed in 
larger males seems to be related to competition for resources among rapidly 
growing body parts in the pupa (Huxley 1932; Nijhout and Wheeler 1996; 
Knell et al. 2004). Furthermore, feeding resource availability are used for 
the development of trade-off supporting traits (Eberhard 1982; Emlen and 
Nijhout 2000; Emlen and Allen 2004; Nijhout 1994; Painting and Holwell 
2013). Probably, in larger males, more resources are allocated to enlarge 
and to strengthen the body to bear such long antennae. Males observed in 
mating were generally larger than unmated males, and larger males mated 
more frequently. We may suppose that they won more contests for get 
females (Hughes and Hughes 1982). The fact that the smaller males 
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outnumbered the larger ones may give them an equal mating possibility 
even if they lose contests. Probably small males are favored by natural 
selection due to other factors, such as predation by birds and mammals, 
because they are more hardly detected, even if this hypothesis should be 
tested by further studies. Our observations suggest also a possible influence 
of body size on dispersal and overwintering ability, but they need further 
investigations. 
 
 
5.1.3 Results of chapter 4: Computer-aided Photographic Identification of 
Rosalia alpina (Coleoptera: Cerambycidae): first application in a mark-
recapture study 
 

Our study demonstrated that the computer-aided photographic identification 
method, by using images of natural marking of R. alpina, is a reliable 
method for a CMR study. However, if identification will be performed by 
using I3SC software, images have to be of good resolution to make possible 
the spots contour tracing process and they need to be as much as possible 
standardized to each other. In our case we get comparable images by 
photographic adults within a wide mouth square bottle. Using the central 
spot contours made the tracing contour process less time-consuming and 
facilitated the identification. When individuals exhibited one elytron 
damaged or covered by the wing, we successfully matched images by using 
the contour of only one elytron (Caci et al. 2013). During the identification 
process, it was possible to find a score threshold value of certainty to 
identify new individuals or recaptures. Even if the final decision must be 
always carried out by the operator, the screening process has been 
facilitated by I3SC software, otherwise it would be time-consuming and 
hard to perform manually (Sacchi et al. 2010; Caci et al. 2013). The 
computer-aided photographic identification method was quick and less 
invasive, because it limited the manipulation of individuals (Bradfield 2004; 
Gamble et al. 2008; Hoque et al.2011; Knox et al. 2012). The Royle 
Repeated Count model resulted to be a good model when appliaed to Difesa 
di Pescasseroli data, where the species abundance was distributed more 
uniformly among the surveyed trees during the sampling period (Royle 
2004), otherwise the model underestimated the population size. In this 
study, adjusting the sampling design by inspecting the sub-set of trees 
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selected in 2014, and by increasing the number of surveys, allowed us to get 
population estimates in the same sites where it was performed in 2015, 
acquiring more information on survival probability and dispersal. In our 
case, the sampling effort was reduced in some aspects (lower number of 
trees to inspect and hours per survey) but increased in others (a higher 
number of surveys); however, this approach is generally suggested for 
species with low detectability (MacKenzie and Royle 2005). In both years, 
the higher percentage of marked individuals was recorded for the same tree, 
therefore defined as “Key tree”; similar aggregative behaviours were 
observed in other cerambycid beetles (Hanks et al. 1999). Dispersion could 
have been limited and have suffered of the gap effect given by large areas 
where no suitable habitats occur (Bosso et al. 2013). Dying huge trees, in a 
medium decay class, therefore with some bark missing, mainly located in 
opened areas (i.e. with a low canopy closure) represented the preferred 
habitat of the species, like observed in other studies (Duelli and 
Wermelinger 2005; Russo et al. 2011). Trees colonized by R. alpina 
represented also a good host plant for M. asper/funereus.  

 

5.2 Suggestion for monitoring and preserving M. asper/funereus and 
Rosalia alpina 

M. asper showed an unexpected longevity in natural conditions, and 
overwintered males were observed in mating in two consecutive years, 
providing the evidence of at least two reproductive seasons for these 
individuals. However, even if the species could have benefits by its long 
lifespan in terms of reproductive success, the sedentary nature combined 
with the flightless condition, represents the ecological limits of M. asper for 
colonizing new trees, making the species seriously threatened by woodland 
fragmentation. We suggest to plan the surveys of M. asper taking into 
account the optimal temperature range for adult activity. Therefore, surveys 
should be conducted at early morning or late evening for hot study sites, and 
warmest hours of the day for cold study sites.  
The computer-aided photographic identification method resulted to be a 
reliable and less invasive method for population study of Rosalia alpina. 
Nevertheless, to facilitate the identification procedure with I3SC software, 
images must be taken following some precautions. In particular, we suggest 
to standardize pictures limiting the framing angle variations by 
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photographing the specimens within a polyethylene wide mouth square 
bottle or a similar tool, facilitating the procedure on the field. 
In relation to the aim of the research, an adjusted sampling design by 
balancing data acquisition and sampling effort may result in a quick and 
more efficient sampling protocol. This approach can represent a good 
strategy in particular when the target species shows a reduced abundance 
and scattered distribution.  
A special attention must be given to “key trees” which have been identified 
for both species. These trees must not be removed because they ensure 
population viability, acting like a “source” for facilitating colonization. Our 
results suggest that key trees are preferred spots for mating and egg-laying, 
in particular for M. asper because they represent a need for its populations; 
therefore, the population viability would be seriously affected by the 
removal of these trees, to avoid that they become a “sink”. Furthermore, key 
trees should be used as important indicators of the growth population trend 
in a monitoring protocol.  
Forest management should promote the maintenance of old and huge trees, 
lying dead trees and coarse woody debris for both species, ensuring a 
resource availability and connectivity within woodlands and between wood 
fragments. In particular, within open areas, decaying old trees should be 
retained around “key trees” to increase their colonization by dispersing 
individuals of R. alpina. Furthermore, the mitigation of the forest 
management impact, not only in the interior part of a forest but also in the 
forest edge, trying to preserve the original microhabitat conditions (e.g. 
canopy closure and temperature), will improve the dispersal ability and 
colonization success of M. asper. 
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