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ABSTRACT

Morimus asperand Rosalia alpinaare two saproxylophagous longhorn
beetles associated to mature broadleaf foresth &t threatened by local
fragmentation and micro-habitat loss due to deaddmemoval by forest
management practice. Our two years mark-recaptudy srevealed new
information on population dynamics and habitat @refice oM. asperand
R. alpinain different beech forests of central Italy Disggrwas recorded
in few individuals for both species. The samplingthod performed,
allowed to get population size estimates for the species. Both species
showed preference for old huge trees in a mediucaydelassM. asper
proved to be sensitive to temperature effect andstlted to prefer lying
dead trees, coarse woody debris and high canopgurgoin the
surroundings. Sun-exposed huge trees resulted prdferred plants foR.
alpina and foroviposition ofM. asper Probably, forM. asperthe standing
dying trees, still owning a part of tree foliagepyide a good compromise
between larval development in sun-exposed partseol activity in shady
parts. “Key trees” for population viability of the/o species were identified
in the study areas. Forest management practicealdshromote the
maintenance of old and huge trees as “steppingestoto preserve the
habitat connectivity and favour genetic flow infvéhe species.
Overwintering ability was observed fod. asperadults, both males and
females, with a very long lifespan (282-409 dag&xual dimorphism iM.
asper was detected in several morphological traits, ahd scaling
relationship between antennal length and body sizéded the male
population into two groups, smaller and larger malevhich showed
different mating frequencies.

Regarding R. alping the computer-aided photographic identification
resulted a reliable and less invasive capture-mecipture methqdand we
provided suggestion to standardize and facilitageptrocedure.



PREFACE

This research produced three major papers submitiegeer-reviewed
journals. In the common introduction (chapter 1yeveriefly addressed the
issues related to target species and the overal af the project. Each one
of the following chapters corresponds to one papgrarticular:

CHAPTER 2: Rossi de Gasperis S., PassacantilliRédolfi De Zan L.,

Carpaneto G.M. Overwintering ability and habitatefprence of the
threatened longhorn beetMorimus asper / funereus two years mark-
recapture study with implications for conservatand forest management.
Submitted to: Biological Conservation.

CHAPTER 3: Rossi de Gasperis S., Redolfi De Zan Ramiti F.,
Hardersen S., Carpaneto G.M. Sexual dimorphism anich-specific
allometric relationships between secondary sexhatacter and body size
in Morimus asper/funereuSubmitted to: Journal of Morphology.

CHAPTER 4: Rossi de Gasperis S., Carpaneto G.My,dNB., Antonini G.,
Chiari S., Cini A., Mancini E., Mason. F., Moscdni Redolfi de Zan L.,
Roversi P.F., Sabbatini G., Solano E., CampanaroCAmputer-aided
Photographic Identification dRosalia alpina(Coleoptera: Cerambycidae):
first application in a mark-recapture study. Sulbedit to: Insect
Conservation and Diversity.

In the final section (chapter 5), the results afs#h papers were utilized for
drawing conclusions on the analyses conductedmilation level for target
species and their habitat relationships.



CHAPTER 1
Introduction

1.1 Saproxylic insects

Saproxylic insects are all species dependent onl dezod or on other
saproxylic organisms, at least in some part ofrtlifei cycle (Speight 1989;
Alexander 2008; Stokland et al. 2012).

Based on the degree of association with dead woatkrial, saproxylic
organisms can be eithabligate or facultative species (Stokland et al.
2012). Theobligate saproxylic species are strictly related to deaadvo
which represents their unique trophic resources(dly feeding on wood or
indirectly as a consumer of other saproxylic spgc@ essential material
for their life cycle (e.g. breeding site, layingtesi matter for larval
development). On the contrary, tfezultativesaproxylic species represent
all those that regularly use dead wood but do epedd completely upon it,
using alternative resources as well (e.g. many giced insects that hunt
larvae in decaying wood but that can also searcprey in other substrates
like forest floor).

Many longhorn beetles (Coleoptera Cerambycidagrigeto the functional
group of saproxylic insects, and play an importate in the decomposition
of dead wood in forest ecosystems.

Several species of longhorn beetles feed almostgi¥ely on the cambium
of dying trees (Ehnstrom and Axelsson 2002). Amadhgm, there are
xylophagous species that feed on the inner pawaafd, like sapwood or
heartwood. These species typically colonize treegntly dead, when sap
and nutrients-rich cytoplasm in the cells are ptiisent in the inner bark.
The ecology of many Cerambycidae is closely relaedld-growth forests
with many mature trees and great dead wood amdamve of longhorn
beetles dig tunnels in trunks and adults emerga frank releasing typical
exit holes. These insects represent the main fttophsource many
parasitoid insects and for many birds, such as weckkrs, which control
xylophagous larvae and contribute to tree presenmvat(Pechacek and
Kristin, 2004; Stokland 2012).



1.2 Target species of the project: Morimus asper/funereus and Rosalia
alpina

1.2.1Morimus asper/funereus

Morimus asper(Sulzer 1776) andM. funereus(Mulsant 1862),are two
flightless saproxylophagous longhorn beetle (Cdie@ Cerambycidae)
mainly associated to deciduous mature forests.

Since 1980s, the taxonomical classification of ¢héso closely related
species and their western Paleartic allies (Figstgh asvl. ganglbaueri
(Reitter 1894) M. orientalis (Reitter 1894) and/. verecundugFalderman
1836), is debated owing to the high similarity it morphological traits
(Danilevsky, 2013; Koren, 2010; Sama, 2011, 1988niS et al. 1986).
Furthermore, a recent molecular study supportditie genetic relatedness
amongM. funereus M. asperand M. ganglbaueri(Solano et al. 2013) at
subspecies level. For this reason, we used theessipnasper / funereus
Therefore, because of nomenclature rulsasper(sensu lato) should be
listed in the Annex Il of the European Habitatsdative 92/43EEC instead
of funereus(currently listed) which could be ranked as submseof the
former, together witlyanglbauerias synonym.

The distribution range dflorimus asper(sensu lato) extends in Southern
Europe (Sama, 2004). In ltaly, populations Mf asperoccur in all the
country, including the major islands (Fig. 2).

The larval development dflorimus asper / funereusan vary from three-
five years in natural conditions (Campanaro et2111) to one year or less
in captivity (Dojnov et al. 2012; Romero-Samper aBdhillo 1993);
pupation occurs in spring and the adult’s activeigoeis reported from
April to August. Adult size and exit holes diametearries greatly, but the
shape of holes is typically more or less circukig @3).

Little is known about the biology and ecology oistepecies, in particular,
few studies were conducted in field (Vrezec eRall0, 2012; Polak 2010,
Chiari et al. 2013). Moreover, no study investigatiee sexual dimorphism
and size variability of morphological traits poteafly involved into eco-
ethological aspects. On the whole, the lack of rimfation on taxonomy,
distribution, ecology and ethology of these beettexkes difficult to plan
conservation actions for them.
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M. asper M. finereus M. ganglbaueri M. orientalis M. verecundus

Figure 1. The five taxa of the genM®rimusoccurring in south Europe (all
males) (Images available on: www.cerambyx.uochbasgw.coleo_net.de;
www.hmyz.photo.cz; http://projects.biodiversity.teénuprbins/about).

Figure 2 Distribution pattern df1. asperin Italy, presence records (red
dots) (Sama 2004, Stoch 2005).
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Figure 3. A male oMorums asperon a trunk ofFagus sylvatica Two
typical Morimus adult exit holes are visible in the picture (byr&aRossi
de Gasperis)

1.2.2Rosalia alpina

The longhorn beetleRosalia alpina (Linnaeus, 1758) is considered a
flagship species, due to its distinctive colorflyteal pattern (Duelli &
Wermelinger 2005) (Fig 4). The larval developmenstd 3-4 years,
pupation occur in spring and adult phenology ran@esn July to
September (Duelli and Wermelinger 2005, Trizzin@let2013). The adult
size ranges between 14-40 mm and exit holes shtypieal elliptic shape
about 10 mm long (Fig. 5) (Duelli and Wermelingél03; Russo et al.
2013).

R. alpinais listed in the Annexes Il e IV of the Europeaabifats Directive
92/43EEC. The distribution range extends from @d+#outhern Europe to
Caucasic Region (Sama 1988, 2002). In ltaly, theciss occurs in all
regions, excluding Sardinia (Sama 2005), showirsgattered distribution
with large gaps within its areal (Bosso et al. 20(RHg. 6).R. alpinais
mainly associated to ancient deciduous forests dat@il by Fagus
sylvatica(Lachat et al. 2013and for this reason is mainly located in the
Alpine and Apennine mountain ranges. The species a0 found
associated with other host trees (e.g. mountain, elygcamore maple,
European ash) (Michalcewicz et al. 2011; Michaloawand Ciach 2012;
Michalcewicz et al. 2013).

12



A population study recently conducted in Czech Ripu(Drag et al.
2011), where the species showed a higher abundaspect to Italian
populations, highlighted the short adult life sp@a7 days) and a high
dispersal ability (around 1,6 km) Bf. alpina.

The sampling methods suggested for monitoftgalpina are based on
visual encounter surveys (Campanaro et al. 201Ez&6 et al. 2012,
Trizzino et al. 2013), but a standard protocol population study is still
missing. Few field studies were conducted in Itapcerning micro-habitat
preference and distribution range (Russo et al32®bsso et al 2013);
therefore, more information on population ecologye aneeded for
monitoring protocol and conservation plans.

Figura 4. A male oRosalia alpinaon a trunk ofFagus sylvaticgby Sarah
Rossi de Gasperis).
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Figure 5. Typical elliptic adults exit holes Bf alpinaon a trunk ofFagus
sylvatica(by Sarah Rossi de Gasperis).
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Figure 6.Distribution pattern oRosalia alpinain Italy, presence records
(black dots) (Bosso et al. 2013).
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1.3 Population study with Capture-M ark-Recapture method

Population studies performed during the curreneaesh were based on
Capture-Mark-Recapture method (CMR). This methodolved: a) the
capture of the specimens, b) the marking procedwtech assigned an
individual code of recognition, and c) the releakéhe marked specimen in
the place of finding. Repeated surveys were peodrin get a size estimate
of the sampled population.

Population size is the first objective of the CMRethod, but other
population parameters like survival ability andctetbility can be estimated
with different models in data analysis (Amstrup 200n relation to the aim
of the research, several population models canpmpieal to obtain the
population parameter estimates (Cooch and White5R20The most
common models are: closed-population models andn-pppulation
models.

Some assumptions are common to all closed-popalatiodels (Chao and
Huggins 2005):

1) population remains constant over the study pefe.g. there is no
immigration or emigration), although known remowv@.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 batedol therefore
models are continuously improved (e.g. Bhurnam 19tk et al. 1978;
White et al. 1982).

The open-population model more common is the Jd#iper model (Jolly
1965; Seber 1965) which need the following assumngti(Pollok and
Alpizar-Jara 2005):

1) every animal in the population at a given santpiee j as an equal
chance fj) of being captured in that sample (equal catchgpil

2) every marked animal alive in the population gfiveen sample tim¢ as
an equal chance of survivalj} until the next sampling occasion (implicitly,
this assumption applies to all animals, marked amcharked, in order to
estimate the survival of all animals in the popolat

3) marked animals do not lose their mark and maré&sot overlooked;

4) sampling period are short (i.e. effectively amganeous);

5) all emigration from the population is permanent.

15



Also in this case, open-population models have bgeproved (e.g.
Lebreton et al. 1992, Pollock 2001).

1.4 Threats and forest management

Like for all the saproxylic organisms, the majoreidits affecting the two
target species are represented by habitat loss@me forest management
practices (Davies et al. 2008). Agricultural exfdtion has been recognized
as the main reason of forest loss in the past loue mecently an increasing
proportion of deforestation has been caused bystnidlifactors (Butler and
Laurence 2008). In particular, industrial timbemplitation implies road
expansion, which generally leads to further defatémn increasing the
fragmentation process (Stockland et al. 2012). eee human-induced
fires contribute to forest loss (Achard et al. 200Bragmentation of
woodlands represents the main limit to the dispeabdity of the species,
and connectivity gaps will increase the isolationoag their populations
(Siitonen and Saaristo 2000; Bosso et al. 2013h wibnsequences on
population viability. In particular, saproxylic spies with a low dispersal
ability suffer more the fragmentation effects (Jwrs and Nordlander
20086).

At lower scale, habitat loss is seriously affedbgdthe local removal of the
preferred habitats of saproxylic species (Martikairet al. 2000), mainly
represented by fallen trees and tree logs. Deadl wesulting from natural
disturbances tend to be harvested, to ensure hggmnity or for aesthetic
reason; moreover, this kind of forest managemeneidormed under a
point of view of “not wasting resource”. These #ne main factors which
explain why low dead wood amount is less presemiamaged forests than
in natural forests (Kirby et al. 1998, Brin et 2008).

16



1.5 Overview of thethesisand aims

Few population studies were conducted Morimus asperand Rosalia
alpina in European countries (Vrezec et al. 2010; Poldk02 Drag et al.
2011). In Italy, only one population study was pemied onMorimus
asper showing the high attraction power of fresh tregsl for the species
(Chiari et al. 2013) and only one study providefiimation on the micro-
habitat preference oRosalia alpinaby using the adult exit holes as
indicator of habitat quality (Russo et al. 2013ur@ntly, no population
study has been conducted for more than one yeaataral conditions,
avoiding the use of attractive features (e.g. lngs) to evaluate population
dynamics and habitat preferenceMbfasper Moreover, different aspects of
the common sampling design usedRoralpinaneed to be improved.

The overall scope of this research project is toreéase the ecological
knowledge onM. asperand R. alpinain beech forests of central Italy.
Indeed, this study provided specific sampling mdshto gather qualitative
and quantitative population data in order to plaanitoring programs and
forest management practices, which ensure the natamn of these taxa.
The following aims will be pursued:

1) Estimating population size of the target spetieslected forest areas of
central Italy, where previous data have proved theturrence.

2) Setting up a sampling methodology Rosalia alpinathrough a new
approach based on photographic marking.

3) Correlating the abundance of the target spetiéesenvironmental
parameters.

4) Increasing the knowledge of the poorly studipdcsesMorimus asper

in particular exploring the morphological variabili to evaluate if
morphological traits may affect its behavioral ecpl.

17
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Abstract

Morimus aspeis a saproxylophagous longhorn beetle associatedatare
forests. Its flightless condition makes difficulblonizing new trees in
fragmented areas. Our two years mark-recaptureystielvealed new
information about the survival ability, populatiatynamics and habitat
preference oM. asperin three beech forests of central Italy. Dailyvays
were performed from May to July in 2013 and 20M%pecting suitable
trees for hosting the species low percentage of overwintered adults was
observed for both sexes, with a very long lifesp282-409 days. Most
recaptures were made on the same tree; disped5P m) was recorded
only in thirteen individuals. Adult phenology shaivivo peaks of activity
(middle of May and middle of June). Population msties varied
significantly among sites and years. Mean daily gerature affected
recapture probability and total captures (optinaige of 15-26°C). The
species showed preference for huge lying treesches on the ground, low
percentage of debarked surface and high canopyreldd. aspershowed a
high survival probability, but the few movementssetved, due to its
sedentary nature combined with the flightless cimdli represent the
ecological limit of the species, highly threatetgdthe local fragmentation.
Furthermore, almost total captures were made insttiee tree, giving to
this a role of “key tree” for population viabilitythe species will benefit by
the maintenance of microhabitat conditions, inatgdimany lying trees,
abundant coarse woody debris and dense canopyirgéesh temperature
in the understory, which should be preserved duforgst management
techniques.

Key words. POPAN; Coleoptera; Cerambycidae; saproxylic; pdputa
ecology, GLMMs
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1. Introduction

Morimus asper(Sulzer 1776)is a flightless saproxylophagous longhorn
beetle (Coleoptera Cerambycidae) associated talg@es mature forests.
The genetic diversity and the status of consermatibthis taxon and its
western Palearctic alliedyl. funereus(Mulsant 1862),M. ganglbaueri
(Reitter 1894) M. orientalis(Reitter 1894)and M. verecundugFalderman
1836), are still debated. All these taxa appareditfer from M. asperfor
dorsal microsculpture and color (from dark to ligintd bluish grey, with
more or less visible black spots on elytra) (Dajfi#76). Overall, they have
a large distribution range from the Iberian Penlimgo northwestern-Iran,
through lItaly, the Balkans and Anatolia (Sama, 20@nce 1980s, Sama
and other authors started to considiér funereusas a subspecies ®4.
asperandM. ganglbauerias a synonym or another subspecies of the former
(Danilevsky, 2013; web site of Fauna Europaea, 28b2en, 2010; Sama,
2011, 1988; Staniet al., 1986). A recent molecular study (Solanalet
2013) supports the high genetic relatedness ofetlibee taxa and the
hypothesis that they could be merged into the sapeeies, bearing the
name ofM. asper(the first one to be described). These preliminasults
lead to revise the status of conservation of thelegroup because oniy.
funereus is currently protected by the European Habitatge®ive
92/43EEC (HD) (Annex II), and this status shoulddbared byM. asper
and its closely related taxa.

In the light of these new taxonomic evidences, distribution range of
Morimus asper(sensu lato) extends in Southern Europe, from ponth
Spain to the Balkan region, through France ang [Bama, 2004). In Italy,
populations ofM. asper occur in all the country, including the major
islands.

This large longhorn beetle belongs to the funcliggraup of saproxylic
insects, i.e. all species dependent on dead woodnoother saproxylic
organisms at least in some part of their life cy@peight, 1989; Stokland
et al., 2012). Like all the saproxylic organisnglays an important role in
the decomposition of dead wood in forest ecosystemsparticular,
longhorn beetle larvae feed on wood and dig tunimetdd trees, improving
development of fungi and other parasites. Thesdldseeepresent an
important trophic resource for many birds, suchwamdpeckers, which
control xylophagous larvae and contribute to treeservation (Virkkala,
20086).

Few biological studies were focused on the geMsimus apart from
some physiological investigations on eastern pdjmna (those protected
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by HD under the namiéunereus). These studies mainly concerned with the
larval feeding metabolism and the adult antennalrewal transmission
(Bozi¢ et al., 2008; Dojnov et al., 2012; Spasic, 20T%).our knowledge,
the only field studies were conducted in Sloveheegec et al., 2010, 2012;
Polak, 2010) and in N ltaly (Chiari et al., 2013)he guidelines for
monitoring this protected species were recentlgudised (Campanaro et
al., 2011, Vrezec et al., 2012; Trizzino et al.J20Mason et al., 2015).

The larval development dflorimus asper / funereusan vary from three -
five years in natural conditions (Campanaro et24111) to one year or less
in captivity (Dojnov et al., 2012; Romero-Samperd aBahillo, 1993);
pupation occurs in spring and the adult’'s activeigoeis reported from
April to August. Studies on the life cycle dofl. asperin laboratory
condition (lab.) date back to the 40s (Pavan, 19948; Ghidini and Pavan,
1937). Stard et al. (1986) observed the adult overwinterinditgbof M.
asperin lab., but the adult lifespan of this speciesatural conditions is
still unknown. Overwintering ability is uncommon adults beetles, but
several examples have been recognized among Cecataby
Chrysomelidae, Coccinellidae and Curculionidae ¢azhi et al., 2004;
Greenberg et al., 2007; Koutroumpa et al., 200&s8Bi and Kenis, 2001),
showing that diapause is performed by adults (npd@rhales) to overcome
the low temperatures of winter season and to nghdded in early spring.

M. asperis poorly studiecdand more information about its habitat preference
is needed to plan conservation action. Until now,population study has
been conducted ohl. asperfor more than one year using capture-mark-
recapture method (CMR), to evaluate the life sphadults in its natural
habitat, and to evaluate the habitat preferencloutt artificial attractive
features (like freshly cut tree logs or traps) assiudy did.

We provided more information about the survivalligbiof M. asperin
three beech forests of central Italy, assessing th@wocal 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 saxin natural conditions;

i) to estimate population size of the target speaising open population
models on CMR data, and provide more informationadalt phenology
and dispersal ability;

iii) to evaluate the effects of weather factorstlo@ recapture probability, to
give indications for surveying the species;

iii) to assess the habitat preferencévafrimus aspeto provide information
useful for planning conservation, with ad hoc foremanagement
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 éaign{study sites) of
beech woodlands in the Lazio region (central ItabjJumiere (500-600 m
a.s.l.), Mount Fogliano (600-960 m a.s.l.) and Mo@imino (950-1,053 m
a.s.l.) (Fig.1). All the three forest fragments dozated in Sites of
Community Importance (SCI) assigned by the HD: $Bbi Mesofili di
Allumiere” (SCI IT 6030003), “Monte Fogliano e Mae Venere” (SCI IT
6010023) and “Monte Cimino (versante nord)” (SCI6010022).

Allumiere beech forest (60 ha), located at 20 komfithe Tyrrhenian coast,
belongs to the low-elevation beech forests (400-80@.s.l.), typically
located on fertile (e.g. volcanic) soils, generatigar lakes or at short
distance from the sea coast. This old growth foieesiominated byagus
sylvatica associated tAcer pseudoplatanus, Carpinus betulus, Castanea
sativa, Hedera helix, llex aquifoliyr@uercus cerris, Ruscus aculeatrsd
Spartium junceum

M. Fogliano beech forest (318 ha) showed a vegetatbver similar to the
former site, becoming monospecific mature foredt.afylvaticaon the top
with scattered). cerristrees, andNarcissugpoeticusandLilium bulbiferum
in the understory.

M. Cimino beech forest (60 ha) is covered by a mldegrowth forest of.
sylvatica associated toAcer opalus, A. pseudoplatanus, C. betuluigh
understory species likecCampanula trachelium, Corydalis cavand
Galanthus nivaligAlessandrini et al., 2008)n this forest many trees have
diameter larger than one meter with a height o830neters.
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Figure 1. Study area. The map shows the threetedletudy sites oM.
aspersampling.

2.2 Sampling oMorimus asper

In 40 ha of each study site, we selected thirtedré/rezec et al. 2012)
suitable for hostinglorimus aspef(i.e. trees entirely or partially dead with
a great diameter and presence of cerambycid eldsho

Visual Encounter Survey (VES) was performed, ineorb gather data on
the activity ofM. asper getting real information on the habitat prefereate
the species and observing the effects of envirotmhechanges on
population dynamics. The same observer made afitheeys.

We inspected selected trees during 29 April - 39 ilu2013 and 2014 and
each study site was visited every five days, exnodainy days.

The few field studies conducted Morimusrevealed that these beetles are
active at both dusk and daytime (Romero-Samper RaMillo, 1993;
Vrezec et al., 2012). For this study, not beingsfiis to carry out nocturnal
inspections, we restricted our surveys to the watebetween 9:30 am and
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5:00 pm, until the last tree was surveyed; the tibumeof the survey varied

in relation to the number of captures and study f&atures (e.g. distance
among selected trees on field). Tree sampling ohderbeen inverted on
every subsequent survey to inspect each tree fratit daytime. Adults

were captured by hand or with an insect net. Faligthe CMR method,

an individual code was assigned to recognize spawimby marking them
with non-toxic permanent colored spots (CFG Paiatkdr). Colored spots
were applied on the ventral surface (Suppl. Magufgé Al), avoiding an

increase in predation rate (Campanaro et al., 20Atlfirst capture, we

recorded the sex and, in addition, we measuredsithddl variables (e.g.

elytra length, antennal length etc.) useful to geime adults in case of
partial loss of marks between years. During thevesyrthe mating events
and the individuals in mate were recorded. Finalty, each survey, we
recorded three weather parameters every hour: tatupe (°C), relative

humidity (%) and wind speed (m/s) by using the WeatMeter Kestrel

4000NV.

2.3 Environmental variables sampling

The selected ninety trees were mapped using a GRimitioning System
(GPS) receiver (Garmin 60CSX). The seventeen enriemtal variables
measured for each tree (cf. Ranius and Janssof; Re@lolfi De Zan et al.,
2014) are summarized in Table I. Two of these,strietly related to the
target species: cerambycid exit holes (CH) andotteirrence oM. asper

laying pits (MLP), i.e. peculiar shallow pits dug females for laying eggs
(Sama, 1988) (Fig.2).
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Table I. Description of the seventeen environmevaakbles measured for

each selected tree.

Environmental variable

Type of variable

Measuring method

DNC= Distance from the Nearest Colonized tree

continuous (m)

Garmin MapSource software

DBI = Tree Diameter at Breast IHeight

continuous (cm)

Tree girth measured at 1.3 m height

TH = Tree Height

continuous (m)

Smart phone application Measure Height 1.4
(Android Play Store) for standing trees, meter
for lying trees

CH = Mean number of Cerambycid Holes

MS = Mean Bark Surface covered by Moss
LS = Mecan Bark Surface covered by Lichens
IS = Mecan Bark Surface covered by Ivy
DBS = Mecan Debarked Surface

WAS = Mecan Bark Surface with Woodpecker
Activity (c.g. surface with numerous holes done by
woodpeckers foraging activity).

continuous (count of
holes)
continuous (%)

continuous (%)
continuous (%)
continuous (%)

continuous (%)

‘We made 4 pictures of tree trunk 2-meters
height from the ground for standing trees (one
for each cardinal direction) and 3 pictures of
tree trunk 2-meters length for lying trees (the
forth side was ground lying).

We counted the cerambycid holes of each
picture to get the mean number per tree (CH).
Percentages of MS, LS, IS, DBS and WAS
were obtained by analyzing picture with Image
J 1.48 V software.

CC =Mean Canopy Closure

continuous (%)

Picture analysis with Image J 1.48 V sofiware:
4 pictures (one for cach cardinal direction)
framing the canopy, taken at ten meters far
from the tree trunk

TS = Tree Status

categorical

Three category: A = Standing living tree, B =
Standing dead tree, C = Lying dead tree

ST= Stump

MLP = shallow Laying Pits made by Morimus asper

MMB = Major and Minor Branches on the ground
CA = Cavity
WN = Woodpecker nest

FF = Fomes fomentarius

binary
binary
binary
binary
binary

binary

Tree code: presence 1 —absence 0
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Figure 2.Morimus aspeshallow lying pits. Red arrows show a female of
M. asperlaying inside the shallow pits she only just dpatrolled by the
male (left picture), and shallow lying pits locatenl a fallen beech tree
(right picture) (pictures made by S. Rossi de Gaspe

3. Theory/calculation
3.1 Population analysis

The observed lifespan for overwintering adults wadculated as the
number of days between the first capture in 2018 last capture in 2014
(Suppl. Mat. Table Al). Dispersal was reported las linear distance
covered between two consecutive captures (Suppl. Midle A2). Sex rate
was analyzed in marked and recaptured individuglkroskall-Wallis test.
The total number of marked individuals was compaeng sites in both
years with Tukey’s Honestly Significant Differentsst (THSD).
CMR data were analyzed with Mark 8.0 software (Coand White 2015),
under the assumptions of the open population Bdlyer model with the
POPAN parametrization (White and Burnham, 1999)egiimate the
population size N and three primary parametess: apparent survival
probability, pi- recapture probability, angdent- the probability of entering
the population (combining birth and immigration)otiels were built with
parameterg andp constant in time (.) or time-dependent (t). Weuasd
the probability of entering the population alwaysd-dependentpent (t)
The goodness of fit of the started mode(t] p(t) pent(t} was tested with
the Release GOF TEST 2 + TEST 3 (best fitting for chat = 1)
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(implemented in Mark package). Parameters estinateseported for the
best population model selected by AIC (Akaike Infation Criterion
theory approach) (Suppl. Mat. Table A3) and dailgpylation size
estimates N-hat of 2013 and 2014 were compared @iie-way Anova
test.

The correlation between captures dataset 2013-20ddk events +
recaptures) and weather parameters (mean valusupety) was assessed
by using the Spearman’s correlation coefficient. Since only temperature
(T) showed significant correlation with capturesggesults), it was used
like time varying covariateto build constrained linear models (CLM)
(Lebreton et al., 1992, Amstrup et al., 2005) ezahg its influence on the
recapture probabilityp (Suppl. Mat. Table A4). A non-linear fit model
analysis, supported by AIC and partial F test (\aidfunction in R), was
used to investigate the relationship between Taapdures. Finally, THSD
test was performed to compare T among study sites.

3.2 Habitat preference analysis

Tree colonization between the two years was grapimatl described. A
Spearman’s ¢ correlation coefficient, focusing on the most imtpat
Morimus variables (MLP and CH), was used to check theetation with
the other environmental variables.

Generalized Linear Mixed effects Models (GLMMs)r(fity = poisson link

= log, “glmer” function in Ime4 R-package) were built to lighttdhe
habitat preference of the species. We used the eundd marked
individuals as the response variable, and the enmiental variables as the
explanatory variables (fixed effect). On the st@rtmodel with full
environmental variables, we applied three randofecef on the intercept
(separately or in combination): i) Site (3 levelg) Season, represented by
the 35 surveys of May-July (19 in 2013 and 16 ia4)0grouped in 15 days
per month (6 levels), and iii) Tree(each tree itigased, 90 levels). We
chose these three random effects to take into atamknown variation of
the number of marked individuals due to site fesgurphenology, and
intrinsic features of trees (e.g. wood decay clabsg Tree effect, allowed
us also to maintain in to the dataset, the enviemtal variables changed in
2014 for some trees (e.g. TS, MMB, CC etc.) duedinral events (e.g. tree
fell) or human activity (e.g. dead wood removalalerating their effect on
the response variable. The AIC selection, suppobted.ikelihood Ratio
test (LRT), was used to select the best randontteff@del, and the final
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best model resulted by backward and AIC selecfitwe. collinearity among
variables was explored by computing the Variandtation Factor (VIF);
all the variables with VIF values below 4.0 werensidered without a
serious collinearity and retained for building tRBeMMs models.

All the data analyses were performed using R3.0a8tware (R
Development Core Team 2010), CMR data were norexhlfar parametric
test (see 3.1) using logarithmic function; the alfget for all the analyses
was 0.05.

4. Results
4.1 Population analysis

CMR data of both years, recorded in Allumiere (AM), Cimino (MC) and
M. Fogliano (MF), are showed in Table Il. Of the @Berwintering adults,
the mean life span observed was of 355 + 34 dag2-4®9, i.e. 9-13
months), with no difference observed among sitds382 + 43 (282-396),
MC 359 + 31 (288-409), and MF 377 + 9 (370-383)y(fu Mat. Table
Al). The female with the longest observed life sf@g62 days) was found
in mating in 2013 but recaptured recently dead a4 Mating events in
both years were recorded only for three of the 26e8) and one of the them
showed the longest observed life span (409 days).

Two main peaks of adult abundance, middle of May the middle of June,
were observed in 2013 (Fig.3a-b). No difference waserved in sex
phenology but the observed sex rates and sex teeafdtes were in favor
of males (Table Il). The total number of marked ividlials varied
significantly among study sites only in 2013 rasgjtsignificantly lower in
MF respect to AL (THSD: diff. = - 0.92, p adj. =002) and MC (THSD:
diff. = - 1.38, p adj. = 6.1%).

On the 177 recaptured males, 64% were recaptured, @4% twice, 7%
thrice and 3% and 2% four and five times, respebtivwhile of the 40
recaptured females, 48% were recaptured once a¥gdtdfce. Dispersal
was observed only in thirteen adults and the distanovered varied
between 20 and 451 meters. The maximum distancered\by a male (451
m) and by a female (404 m) was observed in MC (Eat. Table A2).
The fully time dependent model resulted in geneiigh good c-hat (0.55-
0.7) except for MF 2013 (c-hat = 0.10), conseqyemarameter estimated
for this model resulted biased. The best POPAN |adjom model selected
by AIC (Suppl. Mat. Table A3) showe@: constant in time in each study
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site for both years, with high mean values amongss{0.74 - 0.98)p
constant or in function of time (values rangingnir®.07 to 0.47) angent
values ranging from 0.06 to 0.73. Daily populatgine estimates (N-hat)
varied significantly between years in each stutly GAL: F = 17.5, Df = 1,

p = 0.0002; MC: F = 30.22, Df =1, p = 4.2%eMF: F = 48.29, Df =1, p =
1.02€") (Fig. 3 ¢ and d).

Temperature (mean value per survey) resulted the weather parameter
correlated to captures (Spearman’s Coeff. = 0.43,00001, Fig. 4). CLM
models showed recapture probabilitglepending on temperature (T) or on
both temperature and time (t + T) (Suppl. Mat. €ah#). Non-linear fit
models between temperature and captures reducethdiee of best fitting
models between linear functior? @ 0.27, p < 0.001, AIC = 261.7) and
guadratic function & = 0.33, p < 0.001, AIC =254.5), with the latter
selected as best model by AIC (Delta AIC = 7.2) padial F test (E101=
9.30, p = 0.003). During the sampling period, terapge varied among
sites showing higher value in AL (T = 22.12°C +&.Tespect to MF (T =
19.24°C £ 4.43, THSD: diff. = 4.20, p adj. = 0.Gi)d MC (T = 18.88°C +
3.92, THSD: diff. = 4.71, p adj. = 0.003).

Table Il. CMR results of two sampling years (20181 £2014) for each

study site. Table shows number of Marked, numbérexfaptured and total
Recaptures of both sexes; recaptured rate (Rec#p). calculated as the
Number of recaptured / Number of marked; numbesvefrwintering adults

(OW) and overwintering recaptured rate (OW Ratelcutated as the

number of marked in 2013 recaptured in 2014 / tmber of marked in

2013 (see text 3.1), and total number of matingnesv¢ME) recorded in

each study site. Kruskal-Wallis test performedMarked sex rate and sex
total recaptures rate (Recapturgd @) in each population, (*) significant
results.

K-W test

S Marked Recaptured Recaptures Recapt. oW ow K-W test )
Study Sites @i9) @9 @i%) rate rate ME sex rate :;\crecapt,
! 150 46 69 30.7% 62 73% 38 H=39 H-89
ore 2 :
Allumicre 2013 (96/54) G5111) (56/13) p=0.05* p<0.01*
80 2 34 27.5% 9 H=77 H=166
1 2
Allumiere 2014 ¢620) (20/2) (322) p=001* p<001*
M. Cimino 257 75 107 29.2% 182 107% S4 H=45 H=126
2013 (168/89) (61/14) (89/18) 29 21% p=0.03* p=<0.01*
M. Cimino 92 36 58 39.1% 19 H=49 H=72
2014 (67/25) (30/6) (50/%) p=0.03* p=0.01*
M. Fogliano 51 10 12 19.6% 22 48% 3 H=81 H=81
2013 (42/9) 1) iy p<0.01* p<0.01*
M. Fogliano 97 28 41 28.9% 17 H=23 H=33
2014 (62/35) (22/6) (33/8) p=012_ p=005*
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Figure 3. Adult Phenology and Daily Population siztimates oMorimus
asper Adult phenology is represented by the number afkdd individuals
in 2013 (a) and 2014 (b) in each study site; thly geppulation size N-hat
estimated of the best AIC selected model for edatlyssite (Suppl. Mat
Table A3) in 2013 (c) and 2014 (d) with= apparent survival probability, p
= recapture probability, pent = probability of eing the population, that
can be constant in time (.) or time dependent (t).
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Figure 4. Temperature effect dorimus aspedaily captures. Number of
captures (mark events and recaptures) of threg siteb in 2013 and 2014
in function of the mean daily survey temperatuf@)(°
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4.2 Habitat preference analysis

A different percentage of colonized trees was olexbamong study sites:
77% in AL, 50% in MC and 53% in MF, with a very féifent number of
captures between years in several trees (Fig. Sar@ach study site, trees
with the highest number of captures in both yehosv&d DBH greater than
100 cm (AL7 DBH = 178 cm, MF28 DBH = 114 cm and MDBH = 150
cm), a TH of 24-31 meters, low percentage of DBS ancurrence of
MMB. On these same trees we recorded the highesbeuof total mating
events (AL7 =17, MF28 = 8, MC9 = 40). Mating ev@decreased strongly
in MC24 tree (17 mating events in 2013 and only ion2014).

The Spearman’s correlation showed many signifieahtes: MLP showed
a positive correlation with CH (coeff. = 0.35, ©901), WN (coeff. = 0.30,
p = 0.002) and WAS (coeff. = 0.21, p = 0.04); oa tontrary, a negative
correlation resulted with CC (coeff. = -0.22, p 983). CH showed other
positive correlations with WAS (coeff. = 0.49, p0<001), DBS (coeff. =
0.34, p < 0.001) and DBH (coeff. = 0.22, p = 0.08hile resulted
negatively correlated to LS (coeff. = -0.43, p €0L) and CC (coeff. = -
0.28, p = 0.004).

Results of GLMMs analyses (Table Il a-b), showed {full variables with
Tree + Season as random effect) as best randonct effedel and
significantly different from the model M3 (full viables with Tree random
effect) (LRT: Chisq. = 112.58, df. = 1, p < 228e The AIC top ranked
model form backward selection resulted M4a (dewvwan®2519.6, df. resid
= 3240, t = 0.55), highlighting six explanatory variablesredated with the
number of marked individuals: MS and DBS (negatieerelation), TS (C
category), DBH, MMB and CC (positive correlation).
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Figure 5. Tree Colonization dynamics Ibjorimus asper The sampled

beech trees in the three study sites in 2013 ahd aR Not_C. = number of
not colonized trees in both years, C.2013-2014 mbr of colonized trees
in both years, New_C.2014 = number of trees nobriméd in 2013 but
colonized in 2014, Lost C.2014 = number of tree®rimed in 2013 but
not colonized in 2014. Comparisons of total captfMarked + recaptured)
individuals between 2013 and 2014 for each sampiee b) Allumiere

(AL), ¢) M. Cimino (MC) and d) M. Fogliano (MF).
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Table Ill. Generalized Linear Mixed effects Poissilodels results. a)
Random effects selection and final best model abthiby backward
selection forMorimus asper(number of marked individuals). For each
model are reported the AIC value and Delta AIC $etecting the best
model, the value of variance (Var.) and standandatien (S.D) of each
random effect and the twd walues of the model (considering the fixed
effects and the random effect). Total number ofkadrindividuals = 707,
total number of observations = 3150 (90 trees s8%yeys), random effects
levels: Site = 3, Season = 6, Tree = 90 (see B)Jrstimates and standard
error (S.E.) of the six explanatory variables of thest model; significant
codes: 0 “*** 0.001 “**, 0.01 *, 0.05 ‘. TS = Tree Status (three
categories A, B and C) (see Table I).

Random effect

Model Function AIC Delta AIC (Var.£S.D) fix.® _rand.s?
M4a marked ~
TS+DBHAMMB-CC-MS+DBS+ 5530 ¢ 0 [ree: 398 L 1.99 032 054
(1[TREE)i(1[Season) Scason: 0.20% 0.45
M4 marked ~ Full variables+

Iree: 3.71+1.92

(1[TREE)+(1|Scason) 2553.3 13.7 Season: 0.20 4 0.45 0.36 0.55
M3 marked ~ Full variables +
(1ITREE) 2663.9 1243 Tree: 3.56+ 1.89 0.34 0.47
M2 marked ~ Full variables + (1|Season)
2929.3 389.7 Season: 0.1910.43 0.19 0.19
v marked - Full variables = 3039.4 4998 Site 020 021 021
(1]Site)
b)
Best model M4a: marked ~ TS+DBH+MMB-CC+MS+DBS+(1|TREE /+(1|Season)
Fixed effects Parameter Estimates S.E. z value pr=lz))
Intercept -10.561 1.399 -7.548 b
TSB - Standing dead tree 0.416 0.609 0.682 p—0.495
TSC = Lying dead tree 3.129 0.463 6.760 b
DBH = Tree Diameter 0.060 0.007 8.284 ok
MMB = Major and Minor branches on the ground 1.447 0.227 6.382 FEE
CC = Canopy Closure 0.035 0.014 2.459 *
MS = Mean Bark Surface covered by Moss -0.041 0.012 -3.460 b
DBS = Mean Debarked Surface -0.089 0.022 -4.103 b
5. Discussion

A low percentage of overwintering adult ®fl. asper under natural
conditions (e.g. predatory pressure, environmearal human disturbance)
was observed for both sexes and some males wene foumating also in
2014. The long adult lifespan that we observed,entban 400 days, was
never evidenced before this study. Stamst al. (1986) reported mean
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lifespan of 334 (98-481) days, fbt. asperadults collected in the wild and
reared in captivity; this value is slightly lessathour results for wild
specimens, 355 (282-409) days. However, the rieslpan is still unknown
and could be longer. Other cerambycid beetles stiosiapause in lab
condition with a life span of a hundred of days €Ka, 2002; Koutroumpa
et al., 2008) M. asperis able to hibernate probably inside refugees unde
bark or in soil where it can survive the low tengiares of winter, like
observed for the longhorn beet(@aur et al., 2005).

The total adult phenology fell within the samplipgriod and showed two
peaks of activity (middle of May and middle of Juréth no difference
between sexes, but the sex ratio was unbalandedadn of males. Probably
females tend to be more elusive than males, afifigetiso the sex recapture
rate, as observed in other studies (Drag et al.120lkkaméaki and
Komonen 2011, Chiari et al. 2013). On the otherdhanales can be more
visible because of their searching for females digtiting activities,
affecting the recapture rate.

The dispersal ability oM. asperis for sure influenced by its flightless
condition; however, the high recapture rate onsthime tree can be also a
consequence of sedentary behaviuors like obsenveather cerambycid
beetles of the Lamiini tribe (Hanks 1999). Maleseviecaptured also four-
five times at the same tree, this could be relabsb to their strong
territoriality (Romero-Samper and Babhillo, 1993)owever, for the few
movements recorded, a high distance covered (ar&®@d meters) was
observed, showing the high potential dispersaitgtof M. asperrespect to
other flightless longhorn beetles, likeorcadion fuliginator (Linnaeus,
1758) (Baur et al., 2005). Except two shifts, agluftoved to the tree with
the highest number of captures recorded. Accortbnganks (1999), it is
unlikely that Lamiine beetles are attracted by loagge sex pheromones,
and one may assume they wander until reach a titteavgood chance of
mate.

The differences in population abundance observddidam years can be
explained by the natural fluctuations of adult egeaicies due to the long
larval development period of the species (Samw2(85).

The survival probability of the species resultediobsly high and constant
in time, while the recapture probability was geligraemperature
dependent, suggesting an ideal range of mean ®aiperature of 15-26°C
for survey. This lead to avoid too hot or cold dayen if peak of activity
occurs, preferring survey time interval fitting kvithe optimal temperature
range (e.g. early morning or evening in hot siteBjvo studies on
Osmoderma eremitéScopoli, 1763) (Scarabaeidae) deldter ferrugineus
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(Linnaeus, 1758) (Elateridae) revealed a diffeiafitence of temperature
on adult activity: positive effect was observed the flight activity in
Sweden (Larsson and Svensson, 2011); while a teryver threshold
limiting the adult activity was recorded in Medi@nean region (Zauli et
al., 2014).

In each study site, most of captures and matingtevef both years were
recorded on one huge tree (DBH from 113 to 177 ¢hig;can allow us to
define this tree like a “key tree” for the poputatti This result also suggest
a strong aggregative behavior h asper(Romero-Samper and Bahillo,
1993).

Cerambycid holes an#Morimus shallow laying pits resulted positively
correlated to some selected woodpecker variablegpposting the
importance of the cerambycid larvae as trophicussoof these specialized
forest key stone birds (Pechacek and Kristin, 20Bdjthermore, these two
Morimus features showed a negative correlation with cardpgure. This
preliminary result could mean that the speciesgprigées with sun exposed
parts for laying and consequently for larval depebent, like observed for
the longhorn beetl€erambyx cerdgLinnaeus, 1758) (Albert et al., 2012).
Adults were significantly more abundant on lyingaderees, meaning the
preference for the lying position of tree (i.e. de& recently dead trees).
Maybe, after the fall, the suitable standing trélege or dead) release
attractive compounds, i.e. kairomones (Allison [e2804) from bark split
and broken branches due to the impact with soilmaybe microrganisms
growing in the fallen tree modified kairomones (Beu et al., 2009)
increasing the tree attraction power for beetlegclwinecognize that trees
like potential larval host plant (Hanks 1999).

Great diameter and the presence of major and nifmanches on the
ground, in the surrounding of the fallen or stagdiree, affected positively
the species. Therefore, huge mature trees and deadeon the ground
showed again an important role in the habitat pesfee of saproxylic
beetles (Cocciufa et al., 2014; Ranius and JangQ; Redolfi de Zan et
al., 2014).

Canopy closure showed positive effect on the adalisndance. For sure,
captures were positively affected by lying treesneyally with low local
canopy, but a high canopy cover in the surroungirapably preserves the
preferred range of daily temperature.

The negative effect of debarked surface on aduibhdance could mean that
the species prefer the early or medium stages cdyilegy wood when the
bark still covers the largest part of the tree.bRtdy, like observed in
Cerambyx cerddqBuse et al. 2007), a tree with higher decay stamgdd
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have already been overexploited and not represerg engood substrate for
egg laying and larval developing. In fact, the ctewpnteractions between
cerambycid larvae and the decaying process cotud bhe wood toward
an advanced decay class, useful for other sapmsplecies (Buse et al.,
2008).

At last, the species seems to prefer trees notredvegy moss, maybe this
could indicate again a preference for an early ylestage or a dry wood
microclimate, in particular for the laying pits t@n chosen by females.
On the bases of the habitat preference resultsinese explain how in a
same tree was observed a strong difference in nuofbeaptures between
years (Fig.5). The natural fluctuations of populasi previously mentioned
can be responsible of the adult abundance variatiserved between years
for trees with unchanged environmental conditidike M. Cimino “key
tree” (MC9) and other trees (AL 26, MC15 and MF2AJthough this
intrinsic biological feature combined with naturaents like tree fell,
increasing the amount of coarse woody debris, cexjolain the higher
number of captures observed in 2014 for M. Fogligkey tree” (MF28)
and in other trees (MF8, MF29, MC20). The same doeteffect maybe
affected negatively the abundance in Allumiere “kese” (AL7); being
Allumiere a hot study site, the lower canopy clesdue to tree fell may
have caused higher local temperature decreasindatheoccurrence of/.
asper In fact, canopy closure and its effect on midroeke can influence
the saproxylic beetle distribution in forest (cared edge areas) (Vodka and
Cizec 2013). Finally, human disturbance (i.e. reahaf branches on the
ground by local people) could explain the captuezlide in 2014 in
Allumiere’s trees (AL17, AL22 and AL30). Strong hamimpact due to
forest management, by removing all branches andstlrall the whole
trunk, affected the huge lying tree MC24 in M. Qimyj a prime candidate
to become a “key tree”. These changes, in comlanatiith clear-cut in the
surrounding forest edge, which reduced the canogyerc (therefore
increasing local temperature), affected seriouslg bccurrence of the
species.

6. Conclusions with implication for conservation and forest
management

The sampling protocol performed in our study alldwe gather qualitative
and quantitative data on a poorly studied spediksaspershowed an
unexpected longevity in natural conditions, therefa very high survival
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probability. Some overwintered males were obseruedfighting still
showing good conditions, and some males were fannehating in both
years, meaning at least two reproductive seasoonsiekkr, even if the
species could have advantages by its long lifestfem,sedentary nature
combined with the flightless condition, represehts ecological limit oM.
asperfor colonizing new trees, making the species sshothreatened by
woodland fragmentation. The local fragmentationlddave also an effect
on temperature, which can increase in clear-cuasarémiting the adult
daily activity and having effect on survey resuliée suggest to survey.
aspertaking into account the optimal temperature raafy¢he local site,
like observed in our study, and to use a capturddrecapture method to
have real evidence of new adult generations. Retilying trees and
maintaining coarse woody debris, such as majormaimér branches on the
ground, could be the correct strategy to presévveasper A special
attention must be given to “key trees” that must be removed because
they ensure population viability, acting like a tsoce” for facilitating
colonization. Our results suggest that key trees fmeferred spots for
mating and egg-laying, representing a need fava@aimus population;
therefore, the population viability would be sesbu affected by the
removal of these trees. Furthermore, key treesldHmiused as important
indicators of the growth population trend in a ntoring protocol. Finally,
the mitigation of the forest management impact,amdy in the interior part
of a forest but also in the forest edge, tryingpteserve their original
microhabitat conditions (e.g. canopy closure amapierature), will improve
the dispersal ability and colonization succes$iefdpecies.
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Supplementary Materials
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Figure Al. The marking method used tdorimus asper Each specimen
was marked by a unique combination of differentitpmsed and colored
spots on ventral sclerites of pronotum and abdoofethe individual, as
suggested in Campanaro et al. (2011). Some exanapéegiven in the
figure where numbers represent color spots positind empty spaces
represent the insertion of the insect’s legs.
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Table Al. Distances covered by individuals in eatidy site. ID Adult

shows the individual code and sex (M = male andfémsale), Capture date
before movement and capture date after movemeritaites the two

consecutive captures during which the movementtébee covered) was
recorded.

Capture
ID Capture Date Date after Distance
Adult Year Study site before mov.  mov. covered
M 123 2013 Allumiere 13 July 23 July 50 m
M 30 2014 Allumiere 27 May 26 June 28 m
M 61 2014 Allumiere 30 June 4 July 47 m
M 26 2013 M. Cimino 11 May 5 July 451 m
M 51 2013 M. Cimino 21 May 30 Juy 49m
M 71 2013 M. Cimino 5 June 25 June 110m
M 97 2013 M. Cimino 20 June 25 July 20m
M 152 2013 M. Cimino 30 June 15 July 49m
M 174 2013 M. Cimino 5 July 10 July 20m
F 76 2014 M. Cimino 3 July 19 July 404 m
F 42 2014 M. Fogliano 7 June 3 July 338 m
M 67 2014 M. Fogliano 28 June 3 July 220 m
M 68 2014 M. Fogliano 28 June 3 July 79 m
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Table A2. Observed lifespan of the overwinteringlesdof Morimus asper
in each study site. For each adult is reported: itlividual code (Id)
bearing sex (M = male, F = female) and progressimber of marking
procedure; date of first capture in 2013 and dateelast capture in 2014;
total number of recaptures (N. Recapt.) in 2013 en@014; number of
mating events (ME) in 2013 and 2014 and observegs dd lifespan
calculated as the number of days between thediysture in 2013 and last
capture in 2014.

FC. LC N.R. N.R. ME ME Lifespan
1d. 2013 2014 2013 2014 2013 2014 (days)
Allumiere
M3l 3 June 4 July 3 5 1 0 396
M123 13 July 19 May 1 1 1 0 310
M141 28 July 6 May 0 1 0 0 282
MI22 13 July 6 May 0 0 0 0 297
M49 8 June 27 May 0 2 0 0 353
M43 8 June 27 May 3 0 2 0 353
M. Cimino
M98 20 June 9 May 0 0 0 0 323
M71 5 June 19 July 2 3 1 1 409
M78 10 June 9 May 0 0 0 0 333
M195 10 July 19 July 1 6 0 0 374
M243 25 July 9 May 0 0 0 0 288
Mi171 30 June 28 May 2 1 0 0 332
M148 25 June 9 May 3 0 0 0 318
M194 10 July 25 July 0 5 0 1 380
M174 5 July 28 May 1 0 1 0 327
M180 5 July 2 June 0 0 0 0 358
M100 20 June 3 July 1 2 1 1 378
M245 25 July 12 July 0 4 1 1 352
M95 20 June 25 July 0 4 0 1 400
M57 31 May 7 June 1 0 0 0 372
Mi184 5 July 25 July 0 2 0 0 385
M153 25 June 19 July 2 4 0 0 389
Mo64 5 June 20 June 1 0 1 0 380
M232 15 July 19 July 0 1 0 0 369
F244 25 July 12 July 0 0 0 0 352
F222 15 July 12 July 1 0 2 0 362
M. Fogliano
M42 14 July 19 July 0 4 0 370
M23 19 June 7 July 1 4 0 2 383
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Table A3. Best POPAN Jolly-Seber population modelected by AlCc of
two sampling years for each study site. For eacldehare reported the
AICc value and AICc Weights, mean and standardadien of estimates
for primary parametersp = apparent survival probability, p = recapture
probability, pent = probability of entering the pdgtion and N =
population size. For parameters depending on ttineg reported the lower

- upper mean value at 95% C.I. of the reliable @slgiven in Mark 8.0.

Sites Best Model AICc AICc W [0} p pent N
AL 2013 {o(.) p(t) pent(t)} 608.5 095  0.86+0.03 0.07-0.27 0.07-0.42 37846

AL 2014 {o(.) p(.) pent(t)} 329.1 1 0.75+0.04 0.17+0.03 0.06-039 18227
MC 2013 {¢(.) p(t) pent(t)} 934.8 081  0.92+0.02 0.08-0.19 0.06-0.66 58753

MC 2014 {o(.) p(t) pent(t)} 440.8 0.95 0.88+0.04 0.07-032 0.06-0.73 164+29
MF 2013 {o(.) p(.) pent(t)} 178.1 0.99 0.58+0.08 0.20=0.07 0.06-0.33 142+38
MF 2014 {o(.) p(t) pent(t)} 349.1 0.98 0.74+0.05 0.07-0.47 0.06-0.59 223+42

Table A4. Constrained Linear Model (CLM) evaluatingmperature effect
on recapture probability. Results of CLM showed tvest population
models selected by AICc in 2013 and 2014 in eaathyssite with recapture
probability (p) dependent on temperature (T). Femhemodel are reported
the AlICc scores, model likelihood (M. Likelihood)dathe number of
parameters estimated (Num. Par) given in Mark 8.0.

Delta AlCc Num.

Site Model AlCc AICc  Weights ML Par
AL 2013 {o(.) p(t+T) pent(t)} 605.92 0 0.78 1 26
AL 2013 {o(.) p(t) pent(t)} 608.51 2.59 0.22 0.27 27
AL 2014 {o(.) p(T) pent(t)} 326.55 0 0.79 1 10
AL 2014 {o(.) p(.) pent(t)} 329.14 2.59 0.22 0.27 10
MC 2013 {o(.) p(t) pent(t)} 934.87 0 0.65 1 25
MC 2013 {o(.) p(t+T) pent(t)} 937.19 2.33 0.20 0.31 26
MC 2014 {o(.) p(T) pent(t)} 436.17 0 0.83 1 7

MC 2014 {o(.) p(t) pent(t)} 440.80 4.64 0.08 0.10 19
MF 2013 {o(.) p(.) pent(t)} 178.14 0 0.83 1 12
MF 2013 {o(.) p(T) pent(t)} 181.31 3.17 0.17 0.21 13
MF 2014 {o(.) p(T) pent(t)} 346.43 0 0.65 1 10
MF 2014 {o(.) p(t) pent(t)} 349.06 2.63 0.17 0.27 21
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Abstract

The longhorn beetlé/. asperexhibits the typical sexual dimorphism of
cerambycid beetles: males have longer antennaeféhaades. The antennal
length seems to vary greatly among males of theespapulation. This
study aimed to explore the sexual dimorphisnMinasperand the scaling
relationship between antennal length and bodyisi®th sexes in order to
assess the allometric pattern of the traits studied their potential effects
on individual eco-ethological features. This studgvealed sexual
dimorphism also in other morphological traits: nsalhowed a longer
pronotum and females larger and longer elytra, asijgg that in males
more resources are allocated in developing thaianteody traits, whereas
in females more resources are invested to the dewmnt of post-
prothoracic body parts, which contain the reprodecapparatus. In males,
the allometric relationship between antennal lengtid elytra length
resulted to be best described by a segmented signesvhich identified a
switch point dividing the population in two differegroups. Males with
elytra length below the switch point showed a paesiallometry, while in
larger males, the scaling relationship betweentwe morphological traits
tends to isometry. In females, a sigmoidal moddéiebditted the data, and
described an allometric pattern similar to thanwdles, with a decreasing
slope only for the largest females. Morphometriit$r are correlated to
behavior and ecology and we found that the largedes, above the switch
point, were more frequently observed in mating wisempared 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 longhdreetle,
mainly associated with mature hardwood forests. Tém@nomic and
conservation status of this species complex it aject of discussion. A
recent study (Solano et al. 2013) highlighted aetjervariability among the
Euro-Anatolian populations of the genM®rimus which cannot be easily
assigned to the currently accepted five speciabnaay actually represent a
single, genetically and morphologically variableesies M. aspe}.
Therefore, due to the high genetic relatedness dmtM. asperand the
protected taxonM. funereus(Mulsant 1862), which is included in the
Annex Il of European Habitat Directive 92/43 CEEDKIthe conservation
status oM. aspersensu lato should be revised.

In males ofM. asperthe antennae are at least two times longer than th
body length, while in females they slightly excabd length of the body
(Sama 1988). This sexual dimorphism is presentlimost all longhorn
beetles where the antennae are longer in malesféimaales (Hanks et al.
1996 a,b; Saikia et al. 2012). The fact that nMleasperhave antenna of
exaggerated length suggests that the evolutiorhisf ttait is driven by
sexual selection and promoted by intrasexual coitiggt or mating
preferences in the opposite sex (Darwin 1874; Eyns1959; Johnstone
1995). The extreme development of such structuréise male may be very
costly for the bearer (Mgller and Zamora Mufioz 199Vhe scaling
relationship between body size and secondary sextractures (e.g.
antennal length) can vary intraspecifically, fromadl, relatively normally
proportioned, to very large individuals with grogs®nlarged structures
(Emlen and Nijhout 2000).

Allometry which explores the relationship betweka tize variations of an
organ in respect to the body size in adult indigiduwithin a species
(intraspecific) or among related species (intergigg@@re usually defined as
static allometry(Huxley 1932; Gould 1966; Levinton 1988; Emlen and
Nijhout 2000; Knell et al. 2004). positive allometryccurs when the slope
of the scaling relationship (i.e., allometric coa#nt) between the studied
trait and body size is greater than 1 (Green 1982)s typical for sexually
selected traits.

Commonly, the study of allometry is conducted bagrshing for the model
which best fits the scaling relationship of the twariables (generally log
transformed). Often, the allometric growth trajegtds described by a
simple linear relationship, however in many holaabetious insects, the
best model deviates from simple linearity and feBoa curvilinear and/or
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discontinuous model, defining a non-linear or digowious allometric
relationships (Knell 2009; Hardersen et al. 201ajnfng and Holwell
2013). The growth of the imaginal disks, from whegbhpendages develop,
like head structures and a portion of the thoraxiengo different speeds of
growth, competing for the same resources, mainlsinduprepupal and
pupal stage, in an essentially closed system @\ili 1980). These brief
and asynchronous developments of imaginal strugtune respect to
imaginal body size may result in non-linear or diginuous allometries
(Nijhout and Wheeler 1996; Knell 2009).

In discontinuous allometries data points can béddi/ into more than one
distinct group, i.e. morph, identifying a switchipio(usually a threshold in
body size) at which individuals switch from one piorto another (Knell
2009). Different approaches have been used to tige¢s this kind of
allometric relationships between secondary sexatacters and body size
(Eberhard and Gutierrez 1991; Kotiaho and Tomkid@12 Cook and Bean
2006; Knell 2009).

When two (or more) morphs occur within a sex, tlpes of their scaling
relationships indicate how the growth of the se@mpdexual traits changes
in respect to body size. When the slope becomepetewith increasing
body size, larger individuals bear secondary sexwdlaracters
proportionally larger than smaller individuals (Kinet al. 2004), but in
some cases, the opposite situation may be obsé@fethard and Gutierrez
1991; Hanley 2001). The development of the indigiduin each morph
seems to depend on both genotype and environmentaditions (e.g.
resource availability) (Eberhard and Gutierrez 1994hout and Wheeler
1996; Hardersen et al. 2011).

The phenotypical expression of different morphshimita sex, generally in
males, has been observed in different beetle fasilike Lucanidae,
Scarabaeidae, Cerambycidae (Zeh and Zeh 1992; EamkmNijhout 2000;
Knell et al. 2004; Kawano 2006) with some exammgiemale trimorphism
(Rowland and Emlen 2009; Iguchi 2013).

Eco-ethological aspects like fighting, mating andvasal ability may differ
between morphs (Goldsmith 1996; Moczek and Eml€d026ianley 2001;
Forslund 2003; Romiti et al. 2015).

Like in other longhorn beetles (Hanks et al. 1996l) aspermales fight
for females: rivals use their anterior body likédattering ram in order to
reverse the opponent with the aid of pronotal sipeishing the opponent
and biting mainly the appendages (pers. obs.). WWgnmales benefit from
more mating opportunities (Hughes and Hughes 1%8#) increase their
fitness.
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As stated above, cerambycids are well known foir thexual dimorphism
(e.g. Zeh and Zeh 1992; Saikia et al. 2012) anchlloenetry body size vs.
antennal length has been investigated for somen@ireidae (e.g. Hanks et
al. 1996a; Wang and Zeng 2004). However, to ourwkedge these
allometries have not been explored applying noedinor discontinuous
models. The allometry dfl. asperhas not been studied and the correlation
between the size of morphological traits and edoldgaspects is also
unknown, as generallyl. asperhas been poorly studied and little is known
about its ecology in the natural context (i.e. rathabitat conditions of the
species like woodlands) (Sama 1988; Romero SanmaeBaillo 1993).

In this study, we aimed: i) to investigate sexuataphism ofM. asperin
biometric variables other than antennae; ii) toestigate the allometric
relationship between antennal length and elytrgtlein both sexes; iii) to
evaluate if morphological traits (e.g. antennagténand elytra length) may
affect adult ecology (e.g. mating, movements arehweintering ability).

Material and methods
Study area

We collected biometric data on adult individualgtutee populations d¥l.
asper from three study sites located in the Lazio reg{oantral Italy):
Allumiere, Mount Fogliano and Mount Cimino. All #® study areas are
Sites of Community Importance (SCI) and Speciatéution Zones (SPZ)
defined by the Habitats Directive 92/43/CEE and ®ied Directive
79/49/CEE.

Allumiere (UTM zone 32 T, WGS84, 740236 4671138)%800 m a.s.l.) is
located 20 km from the Mediterranean sea and isexlb forest consisting
of Fagus sylvaticaassociated tdlex aquifolium M. Fogliano (UTM zone
33 T, WGS84, 263969 4690438; 800-950 m a.s.l.) MndCimino (UTM
zone 33 T, WGS84, 269751 4698603; 950-1053 m)aasd. located in the
inner part of Lazio region, both are beech fordgsis first one with som@.
cerris interspersed.

Sampling oMorimusasper

Thirty trees, evaluated priori as suitable breeding habitats for the target
species (e.g. living or dead trees with emergebestof longhorn beetles),
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were selected in each site. Trees were visuallpeicied approximately
every five days, avoiding rainy days, in 2013 a®d4£ when adults were
active (May - July). In order to recognize eachivigal, adults were
marked by using a unique combination of permanehbtred spots (i.e.
identification code) on the ventral sclerites of fhronotum and abdomen
(Campanaro et al. 2011) with a non-toxic CFG Paiftarker. At first
capture, each individual was measured, sexed amkechaThe individual
identification code of both partners, observed iating, was recorded.
Eight morphological traits (Fig. 1) were measured ihdividuals of both
sexes. After marking and measuring, each individuas released at the
same tree where it had been found. Four morphdbdiaits were
measured during the 2013 survey; four extra measemes were added in
2014. The same operator (S. Rossi de Gasperis) mlhdeeasurements
with a digital caliper (precision 0.05 mm) as désed in Table I.

Figure 1 Morphological traits measured on males fengales ofMorimus
asper All abbreviations were reported in Table I. (pigts by Federico
Romiti).
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Table I. List of measurements collected blorimus aspermales and
females for the allometric analysis. (*) Extra m@asnents added in 2014.

Measurement Description

BL* Body Lenght: distance from the front of the head to
pygidium. This was measured when adults assumed
the complete closed posture.

PL* Pronotum Lenght: length of the vertical midline of the
pronotum.

EL
Elytra Lenght: distance from the base of the scutellum

to the apex of the elytra, along the suture line.

AL Antennal Lenght: distance from the insertion of the
scape to the last antennal segment.

PW1 Pronotum Width 1: distance between the insertions of
the spines.

PW2 Pronotum Width 2: distance between the apexes of
the spines.

EW1* Elytra Width 1: distance measured at the base of the
elytra.

EW2* Elytra Width 2: maximum width of elytra.

Data analysis

Sexual dimorphism and allometric analysis

Sexual dimorphism was investigated by testing §iicamit differences for
all morphometric traits of the total dataset wille tOne-way Anova test
(Table 11).

Allometric relationships were investigated in be#xes using the biometric
variables measured in both years: i.e. the fouak#es: PW1, PW2, EL and
AL.

One Way Anova test was used to highlight difference EL among
populations.

Redundancy analysis (RDA) with forward selectiofofivard.sel” function
in R “packfor” package) was computed on the totahdet for each sex, to
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highlight the correlation between AL (response afle) and PW1, PW2
and EL (explanatory variables) and to select trst berrelated variable by
a permutation test (n. perm. 999), on the basisighest adjusted?r

explained, (Borcard et al., 2011). The best exptagavariable was then
used in the allometric analysis.

Before proceeding with the allometric analyses,tested for both sexes if
EL data of the two years were significantly differ¢dOne Way Anova) in
the three populations and among them.

Allometric analyses for males and females were ootedl separately for
each of the three populations and subsequentlytifer pooled dataset.
Following the suggestions of Knell (2009), the Baalrelationship of AL

and EL was checked for discontinuity. As no cleiacdntinuity was found

the allometry was investigated by fitting four mtsddinear regression,
segmented regression (“segmented” function in Ryrffeented” package),
three parameters Gaussian and sigmoidal model’ (furtsction in R). The

Akaike Information Criterion (AIC) was used to swlethe best fitting

model and the difference between the two top models tested with a
partial F-test (“anova” function in R).

Effects of morphological traits on behavioral egylo

To evaluate if body size affected the observed mgafrequency (i.e.

number of observed matings) a One-way Anova waepeed between EL

of individuals observed mating and EL of individedbund unmated, for
both sexes of each population.

The estimated switch point (SP) of the segmentgcession (see Results)
was used to discriminate males in two groups, tisosaller than the switch
point (g1) and those larger than the switch pai@)(The ratio of observed
males for both groups (i.e. mated males g1/ totalemof g1 and mated
males g2/ total males g2) was calculated for eaulation, to compare
their observed mating frequencies with a KruskaHl&/test.

The male/female EL ratio was calculated for alleyled matings, in order
to investigate the size ratio (and its range). mbmber of males belonging
to g1 and g2 observed within the male/female Elioyavas reported to
make a comparison.

To investigate if the size of the exaggerated ndlaracter, AL, was

correlated to dispersal, two scatterplots were teckaAL vs. maximum

observed distance travelled and AL vs. mean daibtadce recorded.
Dispersal was recorded as the distance coveredebatiwo consecutive
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captures. The mean daily distance was calculatediviging the maximum
distance observed by the number of days separdtiagtwo sightings,
which define the maximum distance.

Finally, for each population, the mean EL of thelemawhich were re-
sighted after the wintering period, was compareth e mean EL of all
males. This analysis was not carried out for fesjades only two females
were re-sighted after winter.

RDA and allometric analysis were conducted in RB(®R Development
Core Team, 2010), One-Way Anova test and K-Wadlig tvere performed
with Past 3 (Hammer et al. 2001); theet for all the analysis was 0.05.

Results
Sexual dimorphism and allometric analysis

During the sampling period 2013-2014 we gathereaniiric data from a
total of 461 males and 223 females (Table II).

In males the mean AL/BL rate was near 2:1 (Meanx f AL/BL = 2.09

+ 0.22), while AL resulted slightly longer than i females (Mean + S.D.
of AL/BL = 1.16 + 0.09). Males had a longer pronot¢F = 18.03, d.f. = 1,
p < 0.0001) and longer antennae (F = 1005, d.f, ¥ 0.0001) than
females; moreover females had longer elytra thaesr{& = 53.33, d.f. =1,
p < 0.0001) and the maximum elytra width (EW2) vdager in females
compared to males (F = 23.53, d.f. = 1, p < 0.0004¢ female EW1/ EW?2
rate resulted significantly lower than that of nsa{€ = 247.8, d.f. =1, p <
0.0001).

RDA between AL and explanatory variables (PW1, PW2) showed
highly significant results in males? £ 0.928, adj¥= 0.927, F = 2021.3,
Perm. = 999, p < 0.001; EL resulted to be the Wiavith the highest
adjusted 7 (adj.? = 0.91, F = 4997.18, p < 0.001). We obtained simil
results for females?= 0.893, adj7= 0.892, F = 612.86, Perm. = 999, p <
0.001, and again EL was the best explanatory Vierigddlj.? = 0.86, F =
1435.5, p < 0.001).

No significant difference was found comparing thie lEetween the two
years for both sexes in each population (Fig. Bgrefore we used the
pooled dataset 2013-2014 for males and for fen@flesch population for
further analysis (Table 1ll). Comparing the elyigagth among populations,
Allumiere males resulted significantly larger thémose from M. Fogliano
(F=12.47,d.f. =1, p<0.01) and from M. Cimiflo= 7.24,d.f. =1, p <
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0.01). In females the results were similar but ahly difference between
Allumiere and M. Cimino was significant (F = 5.92f. = 1, p < 0.05).

The best fitting model for males and females of ttiree populations and
for the three populations pooled data are showraisle 1V.

The segmented model (switch point EL = 17.99 mmpAlinmiere males
(Fig. 3 a) showed no significant difference fromuSsian and sigmoidal
models, therefore they were considered equallydvdin contrast, the
segmented model of M. Fogliano (switch point EL 6:2B mm) was the
best model, on the basis of AIC score, and showsigrdficant difference
from the Gaussian modeli(fs = 9.36, p = 0.003) (Fig. 3b). The same result
was obtained for M. Cimino (switch point EL = 16.8¥m) (segmented vs
Gaussian model: k13 = 6.18, p = 0.013). Also when pooling all data for
males, the segmented model fitted the data bestcfswoint EL = 16.78
mm) (segmented vs Gaussian modelisk= 9.53, p = 0.002) (Fig. 3 c,d).
The segmented model, divided males into two graupselation to the
estimated switch points: g1 (smaller then switcmfaand g2 (larger then
switch point). The numbers of males assigned to réspective groups
resulted: g1 = 99 and g2 = 42 in Allumiere, g1 3%hd g2 = 76 in M.
Cimino, g1= 67 and g2 = 34 in M. Fogliano.

For the females, AIC values were very similar foe tifferent models and
no differences were found from pair ways compasstor the models of
Allumiere, M. Fogliano and M. Cimino. Considerirfietpooled dataset for
females, the sigmoidal model was significantly eliéint from the linear
model (k215= 4.29, p = 0.04) but not significant differencassfound with
the Gaussian model. We plotted the best fitting @ho@le. sigmoidal
model) only for the pooled dataset for femalesy.(Bie-h).
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Table Il. List of the morphological traits measudmales and females of
Morimus asperand summary of their meanstandard deviatiofSD). For
each morphological traits are reported the totahlmer of marked adult
(Ntwr) and the total number of males{\and females ().

Morphological trait Niot N N¢ Mean (+ SD) males ~ Mean (+ SD) females
BL 258 184 78 27.51 (+4.32) 27.38(+3.37)
PL 258 184 78 6.48 (+ 1.03) 5.93 (£0.79)
EL 684 461 223 16.02 (+ 2.35) 17.42 (£ 2.27)
AL 684 461 223 57.65 (+ 13.46) 31.62 (£ 4.55)
PWI1 684 461 223 7.30 (+ 1.22) 7.21 (£ 0.99)
PW2 684 461 223 9.17 (+ 1.53) 9.06 (+ 1.25)
EWI 258 184 78 8.84 (+ 1.40) 8.83 (x1.21)
EW2 258 184 78 9.66 (+ 1.35) 10.52 (£ 1.32)
EWI/EW2 258 184 78 0.91 (= 0.03) 0.84 (£ 0.04)

Figure 2. Mean and standard deviation of elytratle{EL) for males and
females in both years for each population.
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Table Ill. Summary of the morphological traits, vtheir meart standard
deviation(SD), used in the allometric analyses of malesa(a) females (b)
of each population (N = total number of individgals

a)

Morphological Allumiere M. Fogliano M. Cimino

trait N Mean (+ SD) N Mean (+ SD) N Mean (+ SD)

BL 57 28.72 (+ 4.05) 61 26.86 (+4.91) 66 27.12 (£ 4.67)
PL 57 6.79 (£ 0.97) 61 6.35(x1.17) 66 6.36 (+1.13)

EL 141 16.55 (£ 2.27) 101 15.53 (£ 2.36) 219 15.90 (= 2.34)
AL 141 60.43 (£ 12.62) 101 55.23 (x14.01) 219 56.92 (+ 13.48)
PWI 141 7.48 (£ 1.15) 101 7.04 (£ 1.26) 219 7.29 (£ 1.22)

PW2 141 9.35 (= 1.46) 101 8.84 (= 1.52) 219 9.19 (+ 1.54)

EWI 57 9.09 (£ 1.39) 61 8.67 (+ 1.59) 66 8.80 (£ 1.56)

EW2 57 9.98 (= 1.33) 61 9.54 (= 1.59) 66 9.51 (£ 1.54)

b)

Morphological Allumiere M. Fogliano M. Cimino

trait N Mean (+ SD) N Mean (= SD) N Mean (+ SD)

BL 19 27.11 (+ 4.47) 34 27.90 (+2.42) 25 26.86 (+ 3.55)
PL 19 6.06 (£ 1.06) 34 6.02 (£ 0.57) 25 5.71 (£ 0.78)

EL 72 17.91 (+2.48) 44 17.58 (= 1.71) 109 16.81 (£ 2.26)
AL 73 32.06 (+ 4.87) 44 31.65 (£ 3.46) 109 30.5 (£ 4.64)

PW1 73 7.25(x1.12) 44 7.37 (£ 0.71) 109 7.13 (£ 1.01)

PW2 73 9.18 (+ 1.39) 44 9.07 (+ 0.90) 109 8.91 (+ 1.26)

EWI 19 8.69 (+ 1.72) 34 8.99 (+ 0.90) 25 8.71 (+1.13)

EW2 19 10.36 (+ 1.84) 34 10.70 (+ 0.91) 25 10.40 (= 1.35)
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Table IV. AIC results and?values (reliable for linear models) of the four
model used to investigate the allometric relatigmshetween antennal
length and elytra length in both sexes for eachufatipn and for the total

dataset.

Males Females

Allumiere Allumiere
Models AIC Delta AIC 2 Models AIC Delta AIC 12
Gaussian -390.69 0.00 Linear -194.39 0.00 0.82
Sigmoidal -389.19 1.50 Gaussian -192.46 1.93
Segmented  -389.15 1.54 0.90 Sigmoidal -192.45 1.94
Linear -369.26 21.43 0.89 Segmented -190.75 3.64 0.82

M. Fogliano M. Fogliano
Models AIC  Delta AIC r? Models AIC Delta AIC 12
Segmented  -229.48 0.00 0.91 Gaussian -153.39 0.00
Gaussian -226.89 2.59 Sigmoidal -153.24 0.15
Sigmoidal -226.52 2.96 Linear -152.69 0.70 0.84
Linear -219.67 9.81 0.90 Segmented -152.56 0.83 0.85

M. Cimino M. Cimino
Models AIC  Delta AIC r? Models AIC Delta AIC 12
Segmented  -547.96 0.00 0.91 Segmented -316.54 0.00  0.87
Gaussian -543.75 4.21 Linear -316.07 0.47 0.86
Sigmoidal ~ -541.13 6.83 Sigmoidal -315.10 1.44
Linear -521.13 26.83 0.90 Gaussian -315.01 1.53

Pooled data Pooled data
Models AIC  Delta AIC r Models AIC Delta AIC 12
Segmented  -1174.12 0.00 0.91 Sigmoidal -653.86 0.00
Gaussian -1166.59 7.53 Gaussian -653.73 0.13
Sigmoidal ~ -1161.56 12.56 Segmented -653.52 0.84 0.85
Linear -1105.68  68.44 0.90 Linear -651.54 2.32 0.84
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Figure 3. Scatterplots of the scaling relationshigtween the natural
logarithm (In) of antennal length (AL) and elytenbth (EL), for males (a-
d) and females (e-h) &f. asper for the three populations (AllumiereN
141, N = 70; M. Fogliano: N = 101, N = 43; M. Cimino: N, = 219, N=
104) and the pooled dataset (Pooled data=Nt16, N = 217). Estimated
parameters are shown in figures: the two slopeth@fsegmented model,
slopel and slope 2 (S1 and S2), and switch poiR} (@&lues (Mean and
S.D.) and three parameters (a, b, and c) of thmaipl model in pooled
female data. Solid lines represent the best mai#ahed lines represent the
95% C.I. for the segmented model. The scaling raofgihe two axes of
Allumiere males (a) differs from the others to betvisualize the growth
pattern.

Effects of morphological traits on behavioural ecpl

During the two years of sampling, 140 mating evemse recorded: 47 in

Allumiere, 20 in M. Fogliano and 73 in M. Cimino.

In M. Fogliano, the elytra length of mating malétegn + S.D. = 17.05 mm

+ 2.09) resulted significantly longer than in mates mating (Mean £ S.D.
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= 15.23 mm £ 2.31) (F = 9.06, d.f. = 1, p < 0.0Lhe same result was
found for M. Cimino (Mean + S.D. EL mating = 16.i#8n * 2.25, Mean *
S.D. EL non mating = 16.55 mm * 2.29, F = 12.69, d.1, p < 0.001).
Also for Allumiere mating males had on average kmglytra, but the
difference was not significant (Mean = S.D. EL mgtF 17.04 mm + 2.71,
Mean + S.D. EL non mating = 16.37 mm + 2.07, F 562d.f. =1, p =
0.11). In all females datasets no significant défees were found between
EL of mating and non-mating individuals.

The individuals belonging to g2 (larger than switghint) where more
frequently found in mating than individuals of gllap. V) (K-W test: H =
3.86, p = 0.049).

On the total of 140 observed mating males, 70 nadésnged to g1 and 70
to g2. The mean and standard deviation of maleMeiBh ratio, calculated
for the individuals observed mating, resulted 0+98@.16, the majority of
matings observed were in the range of 0.8-1.1 @ig.

Dispersal was recorded for eleven males and ongydispersal event was
recorded for each individual. The male M4 (AL =@4.mm) covered the
longest maximum distance (451m) in 26 days. TheerivillO (AL = 47.01
mm) covered the longest mean daily distance (44mifj a maximum
distance of 220 m in 5 days (Fig.5).

Overall, 26 males were recorded after having ovatered: six males in
Allumiere (mean EL + S.D.: 17.41 + 2.91 mm), eightemales in M.
Cimino (mean EL + S.D.: 16.32 £ 2.02 mm) and twdesan M. Fogliano
(mean EL £ S.D.: 16.71 £ 2.36 mm); they showed amEL slightly
exceeding the mean EL of the relative populatidrab( IIl). Due to the low
number of overwintered males, no statistic test peaformed.

Table V. Number of males belonging to g1 and g2ath population and
their relative mating frequencies. N. mated g1 smber of males of g1
found in mating, N. mated g2 = number of males »ffgund in mating,
Mating fr. g1 = relative mating frequencies of nsaté g1 calculated as the
N. mated g1/ N. g1, Mating fr. g2 = relative matiinequencies of males of
gl calculated as the N. mated g2 / N. g2

Males N. gl N. mated g1 Mating fr. g1 (%) N. g2 N. Mated g2 Mating fr 2 (%)
Allumiere 99 27 27.27 42 20 47.62
M. Fogliano 67 5 7.46 34 15 44.1
M. Cimino 143 38 26.57 76 35 46.05
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Discussion

Previous studies on longhorn beetles highlightesl ékistence of sexual
dimorphism in different morphological traits (efgreleg, head, mandibles,
scape and antennal segments) (Zeh and Zeh 19923ra006; Saikia et
al. 2012). In the present study, sexual dimorphigas confirmed inM.
asper for various morphological parameters: males hathdéo antennae
than females; the antennal length was two timegdorithan total body
length in males and slightly longer than body léngh females like
observed in other studies (e.g. Linsley 1961; Qbeemev 1988; Hanks 1996
a,b). The antennal length of males turned out abibmetric trait with the
highest variability. Males had a longer pronoturarttfemales, while the
maximum width of elytra and the elytra length wkreger in females. This
sexual dimorphism suggests that more resourceassackfor developing the
anterior body traits in males (e.g. antennae andgium), while in females
more resources are invested into the developmettheofpost-prothoracic
body parts, which contain the reproductive appatatu

Males from Allumiere were larger than those frome tlother two
populations, while for females this difference veagnificant only for the
comparison of Allumiere and M. Cimino. Two main lbypeses may
explain this difference in body size: (a) genetiariability among
populations, probably due to isolation; (b) diffeces in habitat factors of
the three study sites. The second hypothesis jsostgul by the fact that the
Allumiere beech forest is located at a lower adtitu closer to sea and
subjected to higher average temperatures in respdabe other two study
sites. Previous studies on insect populations ¢@lai et al. 2005;
Hardersen et al. 2011; Painting et al. 2014) cldimbat seasonal
constraints, limiting the feeding resources, cdacafadult size. Geographic
variation in environmental parameters, as well eassnal changes, can
produce size differences in populations of a spei@iser et al. 2007,
Entling et al. 2010). Differences in environmentarameters among sites
may affect the adult size directly, by altering thetivity period of the
larvae and, indirectly, affecting the availabilityf feeding resources
(Fattorini et al. 2013; Painting et al. 2014).

The allometric relationships between the anteneabth and the elytra
length in males of. asperdid not follow a simple linear model; two of the
three populations exhibited a significant changehim slope described by
the segmented model. For the males from Allumiatethree non-linear
models showed non-distinguishable explanatory pdeethe AL vs EL
scaling relationship, including the segmented modibe estimated switch
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points varied among the populations and the pojmdtom Allumiere had
the highest value of the switch point; this is @bly due to the fact that this
population presents the largest males (see abBwe)ing males of the three
populations, again the segmented model was thednestAll these results
led us to divide the male population into two greupith two different
allometric trajectories.

The positive allometry of g1 males was very steepg-1.92), this indicates
that males of this group allocate a disproportiermhount of resources into
antennae than larger males (g2). However, for malggr than the switch
point (g2) the antennae growth trajectory changed #@s allometric
coefficient is close to 1. For these males the athge of developing ever
longer antennae is lower, probably because of ipedatonstraints. To our
knowledge, only a few other studies reported noadr allometries in
insects due to a relative reduction in trait sizethe largest males (Pomfret
and Knell 2006; Painting and Holwell 2013). Theigas authors seem to
agree that the changes in the allometric slope rafigct changes in the
fitness benefits associated with increases in $iaé and body size change
as an animal gets larger. Painting and Holwell @&lggest a limitation in
resource allocation or a diminishing requirementlémge males to invest
increasingly into an exaggerated structure (hesgum).

We do not consider the two groups as two diffemorphs because our
data did not show a clear bimodal distribution (K2609).

The competition for resources by the rapidly grapody parts in the pupa
seems to be the more reasonable hypothesis toiexgptavth trend like that
observed in larger males df. asper (Huxley 1932; Nijhout and Wheeler
1996; Knell et al. 2004). In particular, for thodmetles with more
exaggerated characters, the fast growing of secpnskxual traits may
locally deplete the resources necessary for troay lwlevelopment (Knell et
al. 2004). Furthermore, the decreasing slope fgelamales probably deals
with genetic variability, hormonal interaction (gwnile JH and ecdysone)
and feeding resource availability for the developtmeot only of the
exaggerated structures but also of their tradeswfifporting traits (Eberhard
1982; Emlen and Nijhout 2001; Emlen and Allen 2004jhout 1994;
Painting and Holwell 2013). In fact, resource adlbten trade-offs during
larval development affects the final size of adituctures (Moczek and
Nijhout 2004).

Considering that males observed in mating were rgdgelarger than
unmated males and that the mated/unmated ratio higdwer for larger
males (group above the switch point) in all threpydations, we may infer
that larger males win more contests and mate nite@,cas also observed
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for Monochamus scutellatyslughes and Hughes 1982) and as predicted by
theory (Darwin 1871). Little is known about the meguctive behavior of
M. asper(Romero-Samper and Bahillo 1993) and there armfoomation
about sexual pheromones and intrasexual commumiatihich in insects
involves mainly receptors located on the anten@deé and Bell 1995).
According to Hanks (1999), it seems that Lamiinétbes do not own long-
range sex pheromones; therefore we may supposéotigdr antenneae in
M. aspermay increase the surface for sexual pheromongtiecegiving to
larger males more chance to detect females. In study, we may
hypothesize that in larger males more resourcesaldweated in trade-off
supporting traits, i.e. to enlarge and to strengtihe body to bear such long
antennae, increasing their success in combat.

However, the male/female EL ratio, for mating pairss close to 1, with
the majority of matings in the range between 0.8 &ri. This means that
male and females tended to mate with a partneragror less the same
size, evidence for a non-random mating pattern kidat al. 1996a).
Smaller males were observed outnumbering the lamse in each
population; this fact may be responsible of an equating possibility even
if smaller males lose contests for mating. Probabhall males are favored
by natural selection due to other factors, suclpraslation by birds and
mammals, because they are more hardly detectedsvmowthis hypothesis
should be tested by further studies.

For females, no single model best fitted the allmyndata for the antennae
of the three populations and one reason could &@alucity of data points.
However, pooling all data, the scaling relationsfofjlowed a sigmoidal
model and the data are described by the curve ath@vénflection point.
This growth trend means that at first antenna emirey disproportionally
with overall size (elytra length) and that the AEL ratio decreases as
females become ever larger, a result that is simdathat obtained for
males.

Observing the recorded dispersal, eight of the exlewales showed
antennae longer than 60 mm and one of them covhestbngest distance;
however, a male with relatively short antennaer(#i) covered the longest
distance in less time. Regarding effects of exaagedr structures on
movements, Goyens at al. (2015) observed that dargdes of the stag
beetle Cyclommatus metallife{Lucanidae) with exaggerated mandibles
adjusted their locomotor due to their heavy hegikagages.

Within each population, the mean elytra lengtht@f bverwintered males
was slightly longer than the average of the engiopulation, and this
suggests that larger individuals have an higherwintering probability.
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Unfortunately, the data on overwintering abilitydagispersal were too few
to allow statistical tests and no firm conclusicas be drawn.

Conclusions

Sexual dimorphism iMorimus aspewas observed not only in the antennal
length but also in width and length of elytra. lengral, a non-linear
allometric relationship was found between anteteragth and body size in
males and females showing a positive allometrysfoaller individuals and
an allometric relationship tending to isometry the largest ones. This
change in growth rate is stronger in males, wheswitch point determines
a threshold in body size above which males extdhtennae which scale
more or less isometrically. Morphometric traits @dfect ecological
features, in particular larger males were obsemwating more frequently
and had a higher probability to survive the winter.
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CHAPTER 4

Computer-aided Photographic Identification of Rosalia alpina
(Coleoptera: Cerambycidae): first application in a mark-recapture
study
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Abstract

Quantitative population studies are strongly needecdbrder to assess
conservation status of protected species, and fiem @arried out by
Capture-Mark-Recapture methods (CMR). Such a meibgg often uses
artificial marking procedures, which may stress/andnjure individuals.
Therefore, the exploitation of natural marking (esgots or other individual
morphological traits) may be a viable alternativ@void invasive methods.
In our two-year study, we tested the reliability tfe photographic
identification method on elytra spots &osalia alpina Moreover, we
provided more information on population ecology dadbitat preference of
the species in order to give suggestions for manijoprogrammes. Data
were collected in two National Parks of centralyltduring two years:
2014-2015. Suitable trees for hosting the speciesewisually inspected
from 10:00 am to 4:00 pm from #3uly to 3@ August (seven surveys) in
2014. In 2015 we reduced the number of inspectgstand increased the
number of sampling surveys in order to get betstimates of population
size, survival and recapture probability of the cige Computer-aided
photographic identification resulted in a reliabieethod for R. alpina
within a CMR population study. Our results suggestieat to optimize
beetle image acquisition in the field, the use ofmaall box for single
specimen containment during acquisition (e.g. awitbuth square sample
bottle) allows getting more clearly comparable iesgp facilitate the’8C
screening process. Furthermore, our results aleavesth that using only the
elytral central spot contours made the tracing @meniprocess less time-
consuming. In our analysis, théSC output scores, obtained from the
images comparison, were used to identify a threshalue for the
identification of new individuals or recaptures,cifdating the final
identification made by operators. In 2015, the smjd sampling design
resulted more efficient allowing to get populatipsrameters estimates. The
species was positively associated to decaying tregs, in a medium decay
class, with low canopy closure; these trees hostistd the protected
longhorn beetleMorimus asper/funereusAmong the selected trees, “key
trees” for population viability were identified. fest management should
promote the maintenance of old and huge treesspeesed within opened
areas and preserve, in particular, old trees diged around “key trees” to
increase dispersal and colonization by the species.

Keywords: Natural marking, Saproxylic insects, longhorn bestl
protected species, Habitats Directive, Populatidre,sPSC software,
GLMMs
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1. Introduction

The longhorn beetl®osalia alpina(Linnaeus, 1758) is a flagship species
among insects, having a charismatic attractive pdaepeople due to its
distinctive colorful elytral pattern (Duelli & Weratinger 2005)R. alpina
is an obligate saproxylophagous beetle, and thdonfs to saproxylic
beetles, i.e. dependent, during some part of tifeicycle, upon the dead or
dying wood of decaying trees or upon wood-inhabitfangi, or upon the
presence of other saproxylics (Speight 1989; Aldear2008; Stokland et
al. 2012).

In terms of insect conservation, this beetle ikeahas a priority species
and listed in the Annexes Il e IV of the Europeaabliats Directive
92/43EEC (hereafter HD). The distribution rangdRofalpinaextends from
central-southern Europe to northern Turkey and &siao region (Sama
1988; 2002); its current distribution is highly draented with few isolated
populations in most of central Europe (Sama 200Bn& and Bussler
2006, Cizek et al. 2009; Jurc et al. 2008). Inyitéhe historical distribution
of the species includes all administrative regiasluding Sardinia (Sama
2005; Campanaro et al. 201R. alpinais mainly associated to ancient
deciduous forests dominated Bggus sylvaticdLachat et al. 2013nd for
this reason it is mainly located in Alpine and Api&® mountains. Across
its distribution range, it has been also recoraethfforests of lowland and
hilly areas, where the species was found assoctateifferent larval-host
trees (e.g. mountain elm, European ash, sycamomdejnéSama 1988;
Ciach et al 2007; Cizek et al. 2009; Michalcewitale2011; Michalcewicz
and Ciach 2012; Michalcewicz et al. 2013). As dlle tobligate
saproxylophagous beetles, this species requirebnaeal for its biological
cycle, in particular dry sun-exposed deadwood (Rustsal. 2011). The
larval development lasts 3-4 years, pupation odouspring and adult
phenology ranges from July to September (Duelli ¥etmelinger 2005,
Trizzino et al. 2013). Due the short adult life spaf R. alpinaand its
specific microhabitat (Drag et al. 2011; RussoleR@11), it is difficult to
choose an appropriate sampling method to obtaim ast population
ecology and to provide a monitoring program (Bostsal 2013).

Monitoring protocols for saproxylic beetles listéd the HD have been
recently discussed (Campanaro et al. 2011; Vrezat €012, Trizzino et
al. 2013). The most common sampling method for mooing R. alpinais
the visual encounter survey (VES), which requireshgh sampling effort
(i.e. long transects, an high number of sessidng)eneral, the use of traps
is more rapid in terms of person/hours needed el fiand odor-traps
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baited with the specific sexual pheromone may beb#st sampling method
for endangered species with low detectability. his tregard, successful
examples obtained foOsmoderma eremitgdScopoli, 1773) have been
discussed (Larsson et al. 2003; Svensson et ab; Z00iari et al. 2013b;
Zauli et al. 2014). A recent study (Ray at al. 2008sted the attractive
power of the aggregation pheromone produced by snafléhe American
speciesRosalia funebrigMotschulsky, 1845)but to our knowledge, until
now, no pheromone has been identified and syn#ttiar the European
species. Another limit to the sampling method, amtigular for endangered
species, is the need of a non-invasive samplinginigoe. Population
studies, which aim to gather information on surlighility, demography
and dynamics, are generally carried out by a Ceptark-Recapture
method (CMR) which allows to recognize each indind and gather
guantitative data (Amstrup et al. 2005). One ofdaBsumptions of CMR is
that the marker must be permanent for all the siagnpleriod. The artificial
marking procedure usually involves capturing andhdtiag, which can
produce stress and/or lead to injury individuatg] aan lead to violate the
other assumption of CMR about the equal recapturebgbility of
individuals. Therefore, natural marking (e.g. spatsl other individual
morphological traits) can be a viable alternatiBzagfield 2004). Some
successful examples of photo-identification by gghre individual coloured
pattern occur in mammals, reptiles and amphibidligspn et al. 1999;
Bradfield 2004; Gamble et al. 2008; Schofield et 2008; Hoque et al.
2011; Lahiri et al 2011; Knox et al. 2012; RydeidaRusso 2015). In this
regard, it was recently demonstrated that the edlalytral pattern oR.
alpina can be used as natural marking for photograpteatification by
visual assessment (Pagola Carte 2011). Howevetogtaphic approach
showed some limits, in particular, it may be comped time-consuming
by processing large databases. In this case, thpwer-aided matching of
photographs was a successful solution for indiViddntification of other
animals (Kelly 2001, Speed et al. 2007, Hiby et 2009, Sacchi et al.
2010). The photo-identification d®. alpinaby using specific software to
facilitate the identification procedure was recgndpplied mainly on
museum collections samples (Caci et al. 2013). kewehe reliability of
computer-aided photographic identification and féasibility in the field
(i.e. on natural populations) has never been tdstéate.

The present study was performed within the framé&wofr the Project
LIFE11 NAT/IT/000252 MIPP "Monitoring of Insects thi Public
Participation” (Mason et al. 2015), which aims aisting different
monitoring protocols for saproxylic beetles listadHD.
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We assessed the reliability of computer-aided pirajohic identification
method forR. alpinawithin a two years CMR study and we improved the
survey sampling design to achieve a quick and iefftc method for
monitoring the species. In particular we aimedi}dest the reliability of
computer-aided photo identification to be used B8RGnethod providing a
standard field protocol; ii) to define an efficiesampling method foR.
alpinato obtain population parameters estimates; iii@d information on
habitat preference in order to give suggestiontli@ conservation of the
species.

2. Material and M ethods
2.1 Study area

The study was conducted in two National Parks aiteks ©f Community
Importance (SCI) of Central Italy: (i) Parco Nazia Foreste Casentinesi,
Monte Falterona and Campigna (PNFC), in the Nonth&pennines; (ii)
Parco Nazionale Abruzzo, Lazio and Molise (PNALM) the Central
Apennines (Fig. 1).

Two study sites, Poggio Ghiaccione, and Solforbs#h at mean altitude of
700 m a.s.l., were selected in the PNFC, within“tharesta di Campigna,
Foresta La Lama, Monte Falco” (SCI: IT4080001). Térests of these two
study sites are mostly closed, mainly consistingsibfer fir (Abies alba
and beech KHagus sylvaticp with minor presence of other deciduous
species (e.gAcer pseudoplatanus, Fraxinus excelsi@arpinus betulus

The other three study sites were selected in th&l®RNwithin the “Parco
Nazionale d'Abruzzo” (SCI: 1T7110205). Two studytes, Difesa di
Pescasseroli (1.348 m a.s.l) and Val Fondillo ¥Z.2m a.s.l) are
characterized by pure beech forests with wide wigarincluding old-
growth trees; the third study site, Zio Mas (1.894.s.) is characterized by
fragmented beech woodlands interspersed among op®mntain
grasslands.
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Figure 1. Study sites selected for surveyRgsalia alpinawithin two
National Parks of Central Italy

2.2. Fieldwork and data collection

In 2014, an explorative sampling was performedha two study sites of
PNFC and in the three study sites of PNALM. In 20the same sampling
design of 2014 was conducted in the two study sifeBNFC, while an
adjusted sampling design was performed only intthe study sites of
PNALM because the highest species abundance wasiegtthere in 2014,
i.e. Difesa di Pescasseroli and Val Fondillo.

2.2.1Rosalia alpinasampling design 2014

We selected 136 suitable trees for hostihglpina (e.g. standing dead or
moribund trees and fallen big trunks, without partthe entire bark, with
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presence of emerging holes of longhorn beetlesBdfiorosa (28 trees),
Poggio Ghiccione (28), Val Fondillo (28); DifesaRéscasseroli (30) and
Zio Mas (30).

Trees were visually inspected during the warmestrd)drom 10:00 am to
4:00 pm, every seven days (avoiding rainy and widays) for a total of 7
surveys for each study site. The survey’s duratiaried in relation to
number of captures and intrinsic field featuresrvBys were performed
from 15" July to 3@" August, i.e. during the adult flight period. Inder to
inspect each tree at different daytime, we invettexltree sampling order
on every subsequent survey.

Data were collected by following CMR method: adultgere captured
directly by hand or with an insect net and theraséd in the same spot
after the marking procedure. At first capture,lesdwere sexed and marked
by using the two types of marking:

1) Artificial marking, by writing a progressive nimer of capture on the
elytra with a non-toxic black permanent color (3% OHPen universal)
(cf. Drag et al. 2011). The number was reportedbath elytra to reduce at
minimum the possibility of loss of data (for exampih cases of ink
abrasion or by recognizing dead individuals withgé elytral remain).

2) Natural marking, by photographing the adult dbsurface to acquire
images of the elytral spots in order to recogniaehespecimen. During
image acquisition, according with Caci et al. (201Be angle under which
images must be taken should not exceed 30°. Foreghison, and in order to
standardize pictures of our database, each indiVidhas placed on the
bottom of a 1000 ml High Density Polyethylene (HDPEide mouth
square sample bottle. Pictures were taken by putthe camera lens
(Canon® PowerShot D20) directly on the mouth of blagtle, so that the
framing angle was maintained as much as possihipepdicular to the
specimen. In most cases, within the bottle, indiald usually remained
quiet, so that the image acquisition was relativedgy; pictures were made
for each adult when it was completely still andstsas possible, placed in
the centre of the bottle. Four pictures were codiedor each individual in
order to choose the best one during image analysis.

During the surveys, when a previously marked bests intercepted (i.e.
recaptured), the number of the individual was aateat and its elytral
pattern images were acquired. The same procedusemaae 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 Globali#tosg System (GPS)
receiver (Garmin 60CSX) and for each tree, we nrealsunine
environmental variables (cf. Ranius and Jansso@0;2Redolfi De Zan et
al., 2014).

Garmin MAP Source software was used to measuredigtance of the
nearest colonized tree (DNC); tree diameter (DBHjswvecalculated by
measuring the tree girth at 1.30 m from the grourek status (TS) was
assessed by coding each tree with one of the thategories: dead,
decaying and living tree. Tree height (TH) was mead by using the
Smart phone application Measure Height 1.4 (AndRi@ly Store); canopy
closure (CC) was measured by visual assessment arem of 5-10 m of
radius around each tree. Presence-absence datarawereed for cavities
(CA), woodpecker activity (WA) (i.e. foraging holesade by woodpeckers)
and for the typical shallow laying pits &orimus asper/funereuéVLP)
(Sama 1988, Romero-Samper and Babhillo, 1993), whihanother
saproxylic longhorn beetle listed in Annex Il of HBinally, the wood
decay class (WDC) was measured according to H{h890), based upon
the degree of penetration of a knife blade (Opii8), attributing each tree
to one of the five decay classes. WDC is classifiedive categories: 1)
recently dead, no evidence of decay, intact bdjksdlid wood, less than
10% of decaying wood, knife blade penetrates lkaa tL cm, intact bark;
[11) 10% to 25% of decaying wood, knife blade peatts up to 1 cm, and
soft wood in surface with some bark slippage; Ngrenthan 26% decaying
wood, knife blade penetrates more than 1 cm, aftdwsmod to the touch
also in depth, bark missing; V) 76% to 100% decgyivood, highly soft
wood throughout its entire thickness.

2.2.3R. alpinaadjusted sampling design 2015

In 2015, taking into account results obtained ih2Qsee section 3.1), only
the natural marking was used; each adult was sarddphotographed at
every capture. In addition, remains of dead indigid collected at the base
of inspected trees were photographed with the saathod.

The sampling design was modified in order to geremaformation on
survival and recapture probability of the specieg tollowing the
suggestions of MacKenzie and Royle (2005). The rarmolb surveyed trees
was reduced to 15, maintaining those trees wheresplecies was found in
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2014. If the species had been found in few treesmaintained also the
more suitable trees for the species among thenaligelected ones, in order
to achieve a total of 15 trees. Reducing the numolbérees allowed us to
reduce the sampling effort, of each survey. Weeased the number of
surveys to 14 in each study site, two surveys peekwfour consecutive
sampling days, alternating two sampling days betwie selected study
sites (i.e. Difesa di Pescasseroli and Val Fongifiollowed by three days
of rest. Finally, we reduced the sampling perio@1¥ July - 28" August,
on the base of the local phenology observed inptte®ious year. As in
2014, we inverted the tree sampling order on esabgequent survey.

2.3 Data analysis
2.3.1 The iSC software

Photographic analysis was conducted by using therdative Individual
Identification System version “Contour” 3.0 (hafter FSC) (Van
Tienhoven et al. 2007), available on http://wwwmeicom/i3s/index.html.
I3SC was already applied ®. alpinaidentification by Caci et al. (2013).
Briefly, 13SC allows to trace the contour (i.e. fingerprint) the elytral
black spots oRR. alpinaimage using a semiautomatic tracing algorithm.
The screening process is made by matching the gomtbthe unknown
individual under examination with the contours btlae images included in
the reference library (i.e. all photo records obwn individuals). The
match output gives a ranked photo list where eank shows a score value
of similarity between the two contours matchedrefare, photo ranked at
first place shows the contour most similar to thee of the unknown
individual under examination. The perfect matchaleetn two fingerprints
will correspond to a zero score in the first ramisifon. However, the final
identification, between the unknown image and thaséing highest in the
database (i.e. ranks 1-3), is always left to therator (Caci et al. 2013). For
further information about the use 88IC we refer to den Hartog and Reijns
(2011).

2.3.2 Photographic analysis

Dataset of 2014, containing artificial marking dated photo-records data,
was used to validate the photographic identificatioethod performed by
I3SC, i.e. evaluating whether the software made grirothe identification
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of recaptured individuals. Only one of the fourtpres of each individual
was used, obtaining a total 148 pictures, whicHtlup the database for
analysis. This led to the condition that recapturadividuals had at least
two images in the dataset: the image of first aapfue. mark event) and
the images of the recapture events.

The validation procedure was performed in the tfioewing steps:

1) The elytral spot contours were traced for eanhge and all the 148
images were included in the reference library.

2) Images were matched one by one against theereferlibrary. In this
way, we obtained two comparisons for images oféeaptured individuals:
the first one match between the image of the fiegbture (mark event)
against the reference library in which is included image of recapture
events, and the second one match between the infageEcapture event
against the reference library in which is includbe image of the first
capture (mark event). Therefore, we obtained theseilts for recaptured
individuals: i) correct identification, i.e. the rtect images ranked in the
three top positions of the output score rank IiSadi et al. 2013); ii)
erroneous identification, i.e. no correct identfion occurs in both
matches, and iii) discrepancy, i.e. erroneous ifleation occurs in one of
the two matches.

3) We recorded errors and discrepancies for thetifitsation of recaptured
individuals by comparing thé$C results with the artificial marking of the
specimens.

In order to find out a less time-consuming conttracing method, the
validation procedure was separately performed usorgours of different
spots area of the elytra: the total elytral spotteors (TSC) and a contour
for each pair of elytral spots: anterior spot congo(ASC), central spot
contours (CSC) and posterior spot contours (PSQ)4AF

One-way Anova test was performed to compare theridighation power,
i.e. Delta score, of the best two tracing methddhe Delta score is defined
as the difference between the score of the coremzpture identification
ranked at first place (or at mosf2nd 3 and the subsequent ranked score
identified as a different individual.

The time spent in the contour-tracing operationdenby a trained operator,
was recorded by an analogic chronometer for thelest contours, for a
random sample of images (n = 20) in order to complae two best methods
(Kruskall-Wallis test).

The best contour was used for the photographicyaisabf the dataset of
2015.
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In 2015, 222 individuals were photographed. In tb&ése, we had no
information about recaptures in the dataset becaosartificial marking
was used. Therefore, we proceeded by includinchénstarting reference
library only the images of individuals photographe®015 during the first
survey among the study sites (i.e. 33 images). Tien new images
collected during the subsequent surveys were pssiy@y included in the
library as new individuals or recaptured indivicual

One-way Anova test was used to compare, in eachayghbetween years,
the first ranked score obtained for the identifmatof new individuals and
recaptures, and to compare Delta score of recapideatifications between
years.

Finally, we graphed match frequencies and Deltaescim order to identify
a possible threshold value of scores facilitatihg bperator in the final
identification of new individuals and recaptured.

Figure 2. Comparison of four spot contourdRafsalia alpinaFigure shows
the four different contours from left to right: &tspot contours (TSC),
anterior spot contours (ASC), central spot cont@SC) and posterior
spot contours (PSC).

2.3.3 Population analysis of 2014 and 2015

Population analyses were performed on 2014 and @datsets of Difesa di
Pescasseroli and Val Fondillo, in order to get carngons between data
gathered with the two different sampling designeach study site
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Sex ratio of marked individuals was analyzed by dkall-Wallis test for
each study site.

Total number of marked individuals per tree andltashifts in 2014 and
2015 were obtained. Shifts were recorded as tleatidistance between the
spots of two consecutive captures.

Population size was estimated by using two differeadels:

1) POPAN parametrization of the Jolly-Seber opemputetion model
(White and Burnham, 1999) implemented in Mark saf®v(Cooch and
White 2015) was performed using CMR data. This rhatlews to estimate
the population siz&l and three primary parametegs: apparent survival
probability, pi- recapture probability, andent- the probability of entering
the population (combining birth and immigration)otiels were built with
parameterg andp constant in time (.) or time-dependent (t). Weuassd
the probability of entering the population alwaiysd-dependenpent (t)
N-hat (daily population size estimates) were graphedtlier best POPAN
model to visualize and compare phenology and spadendance in 2014
and 2015.

2) Royle Repeated Count (RRC) model (Royle 2004 pexformed to get
an estimate of the population size by recordingatendance (i.e. number
of sighted individuals per tree) of the speciesrowmiltiple surveys, by
using PRESENCE 8.3 software (Hines & MacKenzie 200 coefficient
of variation (CV) of the models was calculatedlss standard error (SE) of
the population size estimatéN)( divided by the number of individuals
estimated{l), it indicates the precision of the estimate. FQPAN models
as well as RRC models the Akaike Information Cidter (AIC) model
selection procedure was used to select the bestimod

2.3.4 Habitat preference analysis

Due to the paucity of data gathered in PNFC, halpiteference analysis
was performed by using the 2014 dataset of theetlstedy sites of
PNALM: Difesa di Pescasseroli, Val Fondillo and &itas. In these study
sites, all trees were standing trees, and no treeed class V of WDC.
Principal component analysis (PCA) was performedhmnenvironmental
variables to visualize the similarity among theethrstudy sites and a
MANOVA test was computed to find which variable waignificantly
different among the three study sites.

In order to investigate the habitat preference ddltabeetles, we used
Generalized Linear Mixed effects Models (GLMMs)n(fity = poisson link
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= log, “glmer” function in Ime4 R-package) between marked indiald
(response variables) and the 9 environmental Jasal{explanatory
variables, fixed effect). To take into account arknown variation in the
number of marked individuals, due to site featuned adult phenology, we
applied two random effects on the intercept (seéphrar in combination):
Site (3 levels) and Survey (7 levels). The AIC antikelihood Ratio Test
(LRT), were used to select the best random effemdeh then, backward
selection and AIC were used to obtain the best fimadel. The Variance
Inflation Factor (VIF) was computed to highlightllawearity among the
explanatory variables; all the variables with VIBlues below 4.0 were
considered without a serious collinearity and retdi for building the
GLMMs models.

The habitat preference analyses and parametricnanegparametric tests,
overall data analysis, were performed using R3.@&ftware (R
Development Core Team 2010). Data were normalingebi} required) for
parametric test using logarithmic function; thehaset for all the analyses
was 0.05.

3. Results
3.1 Photographic analysis

The 2014 dataset included photo records of 14&ihdials gathered from
the study areas: 133 marked (n = 13 from PNFC and 20 from PNALM)
and 15 recaptured (all from PNALM), of which 12itig individuals and 3
dead individuals (remains).

In Table 1 are shown the results of the validapoocedure obtained by
comparing the artificial marking with the identdition results of 35C
analysis of recaptured individual images. Amongfthe types of contours
used for this analysis, TSC and CSC identifiedaxtty all the 12 images of
recaptured living individuals, and both types oftmurs ranked the correct
image at first place of the output list. In boththmsls, the same erroneous
identifications occurred for the 3 images of markednains of dead
individuals.

The mean and standard deviation of Delta scoresfmaptured identification
resulted: 2315.8 + 1948.4 for CSC and 3791.13 +1Z5%0r TSC. Both
methods discriminated in the same way (F = 3.16=dL, p = 0.09).

The total time spent for tracing the spot contafr0 images was 24.13
minutes for TSC and 15.27 minutes for CSC. The mead standard
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deviation of the time used for the contour-tracpm@cedure on a single
image was 48.7 + 6.3 sec for TSC and 24.5 + 2.9@e€SC. Comparing

the two methods, CSC turned out to be the less-tiomsuming contour
tracing method ((H = 29.27, p < 0.001).

The 2015 dataset included 222 images of which 3&qhecords from

PNFC (34 individual and 1 remains of dead indivifitend 187 photo

records from PNALM (180 individuals and 7 remairisiead individuals).

The starting reference library only included 33 iwdluals, those

photographed in the first survey among the stuthsqin = 15 from PNFC
and n = 18 from PNALM).

The PSC identification procedure by using the CSC lés®{consuming

contour tracing method, gave back the followinguhessfor new individuals

(NI) and recaptures (R): 32 NI and 3 R in PNFC, MN85and 45 R in

PNALM. Of the 48 R, 91.7% (n. 44) was ranked aitfscore, 6.2% (n. 3)
was ranked at second score, and 2.1% (n. 1) wasdaat third score. Only
one error for a single NI, which was recognizechagcapture, was found
for an image collected in PNFC. All images of rensadf dead individuals
(n. 8) under examination were identified as NI.

On the total identifications, the first ranked srof NI showed higher
values than that of R in 2015, while no differemesulted in 2014 (Table
2). Between years, NI and R first ranked score20d# resulted higher than
2015, while no difference resulted for Delta sdoreR identification.

In 2015, the highest number of matches, which ifledtNI were recorded

within the range 7,000 - 10,000 of first rankedrssg highlighting 8,000 as
a good threshold to identify a new specimen froat thalue onward (Fig.

3). Match frequencies of R resulted partially ospded with that of NI,

therefore it is difficult to identify a clear thiesld for the identification of

recaptured individuals by using only the first scoralue. Of the 48

recaptures, 32 showed a Delta score > 1,000; tbisalxcore value was
used as good threshold to be confidence in R ffileation in 2015. The

remaining 16 recaptures of 2015 with delta scord,800, which can

indicate uncertainty, were recorded mostly for Rhwiirst ranked scores
ranging between 5,500 and 7,500 (Fig. 3).
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Table 1. Results of the 15 recaptured individuabtained from the
validation procedure of$C using the four different elytral spot contours.
Total spot contours (TSC), anterior spot contoudkS(), central spot
contours (CSC) and posterior spot contours (PSC).

Spot contours type Correct identification rate  Erroncous identification rate Discrepancy rate
TSC 12/15 3/15 0/15
CSC 12/15 3/15 0/15
ASC 4/15 3/15 8/15
PSC 1/15 12/15 2/15

Table 2 Comparisons of Mean and SD of first rankeake for individuals
identified as new (NI) and individuals identifie¢ aecaptured (R), and
Delta score between first and second ranked scofegecaptured
identifications, for dataset of 2014 and 2015.

NI R Delta score
Year Mean + SD Mean = SD Mean + SD
2014 11734.1 £ 4058.9 10583.5+2131.33 2315.8+1948.4
2015 8687.8 £2327.4 6048.8 = 1495.9 1832.4 + 1240.3

Onc-way Anova test results

NI 2014 vs R 2014 F=1.60 df.=1 p=0.21
NI 2015 vs R 2015 F=3837 df.=1 p<0.001*
NI 2014 vs NI 2015 F=42.1 df.=1 p<0.001*
R.2014 vs R 2015 F=101 df.=1 p<0.001*
Delta score 2014 vs Delta score 2015 F=129 df. =1 p=0.26
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Figure 3. In figure are shown the number of matdoesnew individuals
(NI) and recaptures (R) respect to their first edhlscore value given in
I3SC for the dataset of 2015. Uncertainty in R. itfieattion is represented
by Delta score < 1000. The scores of NI over 19,0a6ge 20,000-29,000,
only 1 match) were excluded from the graph for drettisualizing the
frequencies.

3.2 Population analysis

Sex ratio of marked individuals was in general Uabeed in favour of
males (Table 3), with a significant difference abse in 2015 for Val
Fondillo (VF) (H = 4.42, p = 0.03) and an almognéficant difference for
Difesa di Pescasseroli (DP) (H = 3.43, p = 0.06).

In each study site, the same tree had the highestber of marked
individuals in both years (Fig. 4). The percentagdues of recaptured
individuals were: 7.8 % in DP and 3.7 % in VF inl20 25.3% in DP and
18.8 % in VF in 2015. In 2014, no female was regagat while 7 males
were recaptured only once. In 2015, two femaleswecaptured only once,
20 males were recaptured once (15 in DP and 5 inaviel 10 males more
than once (5 in DP and 3 in VF were recapturedeiwicin DP trice and 1
in VF four times).

In 2015, two shifts were recorded in VF: one masswecaptured at 165 m
from the first capture spot, afterl8 days; one femeas recaptured at 371
m after 2 days. Four shifts were recorded in DPn68one female, after
two days); 226 m (one male, two days); two shift§s0 m each one (one
male in three days between the same two treed,.5&m in 6 days).
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The two models used to estimate population sizevsbosimilar values in
both years for DP dataset (Table 4). The best PORAdel selected by
AIC for VF 2014 resulted the fully time dependenbdal o(t)p(t)pentt),
which did not give reliable estimates due to latkitaf the capture history.
Therefore, in order to allow comparisons betwegoupation size estimates,
we reported for VF 2014 the only reliable valié £ 55 + 10) obtained
from the most parsimonious modg{.)p(.)pen(t) (delta AIC < 7). Adult
phenology resulted anticipated in 2015 respect @42 and the daily
population size estimates varied between yeansaiticular in VF (Fig. 5).
Survival probability showed the highest value inl2(Table 5) and the
observed longest life span was of 20 days for twdividuals (8-28 August,
2-22 August) in VF 2015.

Table 3. CMR data of 2014 and 2015 recorded irleestudy sites of the
Abruzzo region: Difesa di Pescasseroli (DP) andRaldillo (VF).

Study site Captures(</9) Marked(d/?)  Recaptured(/Q)  Recaptures(d/9)
DP 2014 83 (61/22) 77 (55/22) 6 (6/0) 6 (6/0)

DP 2015 116 (90/26) 87 (62/25) 22 (21/1) 29 (28/1)

VF 2014 28 (22/6) 27 (21/6) 1 (1/0) 1(1/0)

VF 2015 64 (49/15) 48 (34/14) 10 (9/1) 16 (15/1)
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Figure 4. Number of marked individuals found inte&®e during 2014 and

2015 at Difesa di Pescasseroli (DP) and Val FomdMF). Trees with *'
were surveyed in both the years.

Table 4. Population size estimates (N) and stangamt (SE) obtained by
using CMR data (POPAN model) and abundance dat&(RBdel) of the
two study sites: Difesa di Pescasseroli (DP) and~gadillo (VF); for each
estimate is reported the coefficient of variati@VJ. (*) The only reliable

population size estimate among the POPAN modején byg(.)p(.)pentt) for
VF 2014 (see 3.2).

Study site  Model N SE CV (%)
DP 2014 POPAN 127 37 29.1
RRC 115 29 24.9
DP 2015 POPAN 141 18 12.7
RRC 114 31 27.6
VF 2014*  POPAN 55 10 18.2
RRC 19 5 26.7
VF2015 POPAN 110 24 21.8
RRC 31 7 24.3
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Figure 5. Phenology and abundance of marked indal&d of 2014 and
2015 in Val Fondillo (VF) and Difesa di Pescasse(bIP). The graphic
shows the estimated daily population size (N-h&the best POPAN model
selected by AIC (excepted for VF 2014 model, whics not placed at first
AIC score, but it was the only model which estindapopulation size and
N-hat see 3.2). Thirteen surveys are reported in 20&&ad of fourteen,
because one missed due to bad weather conditidwthinstudy sites.

Table 5. Primary parameter estimategsurvival probability)p (recapture
probability) pent (probability of entering the population) of best PAN
population model in the two study sites, Difes@dscasseroli (DP) and Val
Fondillo (VF). For each model are reported the AMatues, AIC weigth,
Maximum Likelihood and Number of Parameter estimateor parameters
time dependent (t), it was reported the mean andf$lie reliable estimates
given in Mark program.

Study site Model AICc  AICcW ML N.Par ¢+ S.E. p=S.E. pent+ S.E.
DP 2014 o(.)p(pent(t)  99.28 0.88 1 6 021+0.06 0.54+0.18 0.32+0.06
DP 2015 o()p(Hpent(t)  228.9 0.76 1 16 0.74+0.03 0.48+0.18  0.13+0.07
VF2014*  o(.)p(.)pent(t)  36.29 0.03 0.04 5 0.06 £ 0.04 - 0.18+0.07
VF 2015 o()p(Jpent(t)  182.92 0.99 1 10 0.88 +0.03 0.21£0.07  0.23+0.10

(*) The only reliable parameter estimates amongRE¥ AN models for VF 2014
(see 3.2).
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3.3 Habitat preference analysis

PCA analyses showed a strong dissimilarity in eminental variables
between Zio Mas (ZM) and Difesa di Pescasseroli)(D/Rile Val Fondillo
(VF) resulted in an overlapping between them(F)g.Gf the nine principal
components axes, PC1:PC7 explained the 94% of afivellproportion of
variance. Six variables differed significantly argasites: DBH ( = 0.59, p
=0.001), WDC (#=0.27, p = 0.001), WA = 0.21, p = 0.001), MLP {=
0.18, p = 0.001), DNC {r= 0.13, p = 0.01) and TH%= 0.07, p = 0.04). In
particular, ZM showed: a lower number of trees lagd by WA and MLP
and trees with smaller diameter (Mean and SD: 4GtciB) respect to DP
(Mean and SD: 118 cm * 23) and VF (Mean and SDcrii2: 38). A larger
number of trees of middle-advanced decay status atserved in DP
(WDC class I: 0 class II: 3 class lll: 16 class B): respect to ZM (WDC
class I: 1 class II: 15 class llI: 12 class IV: &nd VF (WDC class I: 1 class
II: 11 class lll: 16 class IV: 0). Colonized tressre closer each other and
uniformly distributed in DP (Mean SD: 112 m + 78)spect 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 rhedth full variables
(nine environmental variables), the best modelcseteby AIC resulted M3
(Site + Survey as random effect) which was sigaiiity different from the
model M2 (Survey random effect) (LRT: Chisq. = F.&8If. = 1, p <
0.0001) (Table 6a). The final best model obtaingdblckward and AIC
selection resulted M3a (deviance = 445.3, df. resi@d5, f = 0.65) with
seven significant explanatory variables: tree statuee diameter, tree
height, wood decay class, canopy closure, presaincavities and presence
of Morimuslaying pits (Table 6b).
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PCI1
Figure 6. Ordination plot obtained by PCA analysisthe environmental
variables collected for the selected trees of tiveet study sites in the
Abruzzo region: Difesa di Pescasseroli (DP), Vahditho (VF) and Zio
Mas (ZM).
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Table 6. Generalized Linear Mixed effects Poissond®ls results. a)
Random effects selection and backward selectidheobest model (with all
significant explanatory environmental variables)Rosalia alpinalnumber
of marked individuals). For each model are repottezl AIC value and
Delta AIC for selecting the best model, the valdevariance (Var.) and
standard deviation (SD) of each random effect &adttvo ? values of the
model (considering the fixed effects and the randdfect). Total number
of marked individuals = 117, total number of obsgians = 616 (88 trees x
7 surveys), random effects levels: Site = 3, Surwey. b) Parameters
estimates and standard error (S.E.) of the sevplamatory variables of the
best model; significant codes: 0 “*** 0.001 “**0.01 *, 0.05 ‘..
Environmental variables abbreviations: TS = Treat\&t (three categories
living, decaying and dead tree), DBH = Tree DiametwDC = Wood
Decay Class, TH = Tree Height, CC = Canopy ClosG#e = Cavity, MLP
= Morimuslaying pits (see Table I).

a)

Random cffeet

Model Function AIC Delta AIC (Var.+ D) fix. 1 rund 12
marked~ TS DBII  WDC | TIT 1 CC | Survey: 4.83 L 2.2
M3a CA I MLP - (1[Survey) 1 (1/Site) 467.3 0 Site203- 143 040 0468
M3 marked - Full variables+ (1Site)+(1[Survey) 468.4 11 Survey: 4.9142.22 0.40 0.66
M2 marked ~ Full variables + (1[Survey) 487.8 20.1 Survey: 4.18£2.05 030 0.50
MI marked ~ Full variables 1 (1 Site) 5643 97.0 Site: 1.89 - 1.38 030 030
b)
Best model M3a: marked ~ TS + DBH + WDC + TH « TC + CA + MLP + (1Survey) ~ (1Site)
Fixed effects Parameter Estimates SE z value prz|)
Intereept -12.661 1.873 -6.759 R
TS decaying 2257 0371 6.078 e
TS living 0427 0.399 -1.069 p=03
DBII 0.015 0.004 4374 e
WDC 2236 0.352 6.349 s
TH 0.166 0.032 5.145 e
cC -0.035 0.006 -6.045 R
CA -0.836 0.232 -3.603 R
MLP 0.933 0.269 3.460 e
4. Discussion

Population studies of animal species should bdethout carefully if they
involves artificial marking (Hagler & Jackson, 2Q0this is particularly
true forRosalia alpinaits being a species protected under the Eurog&an
and having slight elytra and delicate body, thiguieng special care during
the handling. Therefore, some studies (Campanaed. @011; Trizzino et
al. 2013) have suggested using natural markingpujation studies, based
on individual identification, for monitoring the sgies.
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Our study demonstrated that the computer-aidedoghaphic identification
method, by using images of natural markingRaf alping is a reliable
method for a CMR study.

In our sampling protocol, we used a wide mouth lbotb facilitate the
image acquisition of the elytral pattern and toespep the fieldwork during
the CMR procedure, responding to the criterionrofrestantaneous marking
(Amstrup et al. 2005). The photographic framing stoaints given by the
square bottle, allowed us to obtain standardizedl @mparable images,
giving the best conditions for the analysis perfednwith FSC software. In
fact, the ¥SC performance resulted with the 100% of livingamared
individuals correctly identified considering thesti three top positions in
the output list, and the 91.7% if we consider ottig first rank position.
Caci et al. (2013) obtained similar results usindasaset mostly made by
images of museum specimens: 94.8% when considdredthree top
positions, and 92.1% if considered only the topkraklowever, the
identification procedure resulted limited when tF8C examined images of
dead individual remains, probably because thesaraess a different shape
due to degradation process.

The approach followed in this study, by comparing tontours of different
elytral spots, suggested that using either onlyceatral spots or the total
number of spots we gather images which allow thes&evel of correct
identification among individuals. Indeed, the vdda that allows the
correct discrimination is mainly concentrated im tbentral elytral spots.
Sub-setting an area of the natural marking is #rtieeie used in other
studies, in particular when the analysis are peréat by following the ROI
approach, i.e. by selecting the region of intecdthe image (Hoque et al.
2011; Lahiri et al. 2011). Both contours, centrald aotal spots, have
returned the same identification results, but usomy the central spot
contours made the tracing contour process lessdomeuming, reducing
the image elaboration to half the time. In few caséne central spot
contours of two different specimens resulted varyilar, therefore, the
operator must focus the attention on the anteriopasterior spots in the
final recognition. When individuals exhibited onéyteon damaged or
covered by the wing, only two specimens in our sietiait was possible to
perform the match by using the contour of only ehgron (Caci et. al.
2013). In our case, during the identification ps;dt was possible to find a
threshold of certainty to identify new individuals recaptures by looking at
the first score value (or at least the second iwd thcore) in combination
with the discriminant value (i.e. Delta score). RvEthe final decision must
be always carried out by the operator, the scregmincess is facilitated by
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I3SC software, otherwise it would be time-consuming hard to perform
manually (Kelly 2001, Speed et al. 2007; Saccldle010). Although the
photo identification method used in our study does avoid the need of
capture, the procedure that we performed was qaiutk probably less
invasive than other marking methods. Indeed, phafatc identification
method limited the manipulation of individuals resp to the artificial
marking procedures, like observed in other stufBeadfield 2004; Gamble
et al. 2008; Hoque et al. 2011, Knox et al. 2012).

The two different models used to estimate populasize resulted almost
equivalent in Difesa di Pescasseroli, while shower different estimates
for Val Fondillo, in both years. Probably, the RoyRepeated Count model
works better when the species abundance is digtdbmore uniformly
among the surveyed trees during the sampling pefike in Difesa di
Pescasseroli, otherwise it could underestimateptipulation size due to
violations of prior parameters assumptions of treeh (Royle 2004). On
the other hand, also the POPAN model did not geleable population
parameter estimates for Val Fondillo in 2014, duthe low amount of data
collected.

Sampling designs and data analysis to get infoonatin population
parameters and species ecology were largely disduf#/illiams et al.
2002; Burnham and Anderson 2002; MacKenzie at @042 Thompson
2004; Amstrup et al. 2005; Sutherland W.J. 2006)this study, adjusting
the sampling design by inspecting the sub-setegfstiselected in 2014, and
by increasing the number of surveys, allowed ugetopopulation estimates
in the same sites where it was performed in 201d&guieng more
information on survival probability and disperdal.our case, the sampling
effort was reduced in some aspects (lower numbereek to inspect and
hours per survey) but increased in others (a highenber of surveys);
however, this approach is generally suggested foecies with low
detectability (MacKenzie and Royle 2005).

Sex ratio and sex recapture rate observed in bedinsyled us to suggest a
higher detectability of males, probably due to ttgrieater activity, like
observed in other beetles (Tikkamé&ki and Komoneh12Q®hiari et al.
2013a). Probably, females are more elusive, butique data showed that
they move from a tree to another to find sitesléying eggs (Drag et al
2011); in this regard, the only two females recegatuin our study were
both found in a different tree from the one of thaist capture. Dispersal
was observed for few individuals, and the longéstadce was recorded for
a male, 750 m, which was slightly higher of that @served by Drag et al.
(2011). In both years, the higher percentage ofkethrindividuals was
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recorded for the same tree; similar aggregativeatielnr was observed in
other longhorn beetles (Hanks et al. 1999). Thestia which was found
the highest number of marked individuals may regmes “key tree” for
population viability, and could give information dahe population trend
during a monitoring program. In the study sitesevehthe distribution of
suitable trees was scattered, dispersion could baea limited and have
suffered of the gap effect given by large areasravim® suitable habitats
occur (Bosso et al. 2013). This distribution patteray result in isolation
between populations and consequently it may inerélas local extinction
risk (Hanski and Gagiotti 2004, Laschat et al. 20B83low number of data
was collected in the PNFC, which resulted to besa kuitable area respect
to PNALM, where the species showed different pagaf abundance in the
three study sites. Decaying huge trees, in théVlistages of decay class,
mainly located in opened areas (i.e. with a lowopgnclosure), represented
the preferred habitat of the species, like obsemgmtevious studies (Duelli
and Wermelinger 2005, Russo et al. 2011). The sposed location of
trees may limit the humid microclimate typical dfet trunk cavities,
explaining their negative association with the sg®cTrees colonized Y.
alpina represented also a good host plantMorasper/funereusThese two
species may be probably considered as umbrellaesptar the saproxylic
community, like another longhorn beetgerambyx cerdo(Buse et al.,
2008). Therefore, old huge trees confirmed thepadrtant role as resource
for saproxylic beetles (Ranius and Jansson, 2000dhe et al. 2005,
Redolfi de Zan et al., 2014) and in our study tleeoccurrence of two
species currently protected by the Habitats Divec8i2/43EEC, highlighted
the need to preserve these kind of trees.

5. Conclusionswith implication for monitoring plans

The computer-aided photographic identification rodthresulted to be a
reliable, less invasive method for population stsdbn Rosalia alpina
Nevertheless, to facilitate the identification pedare with ¥SC software,
images must be taken following some advices. Weyesigto standardize
pictures limiting the framing angle variations byhgbtographing the
specimens within a polyethylene wide mouth bottle ao similar tool,
facilitating the procedure on field. Furthermoresing only the elytral
central spot contours in theSIC software, made all the identification
procedure less time-consuming.
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After a first explorative year, an adjusted sanglilesign by balancing data
acquisition and sampling effort may result in acguand more efficient
sampling protocol, always in relation to the aim tbe research. This
approach can represent a good strategy, in patigdien the target species
shows a reduced abundance and scattered distnibukmally, trees
identified as “key trees” for the species must lb@tremoved, because they
ensure the population viability and give information phenology and
growth population trend during a monitoring programhe forest
management should promote the maintenance of ottl large trees
interspersed within opened areas and, in particshaould preserve old trees
distributed around “key trees” to increase dispeasa colonization by the
species.
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CHAPTER 5

Conclusionswith implicationsfor conservation and forest management
5.1 Summary of theresults

5.1.1 Results of chapter 2: Overwintering abilitydahabitat preference of
the threatened longhorn beetllorimus asper / funereus two years mark-
recapture study with implications for conservatiom forest management.

The long adult lifespan in natural conditions that observed, more than
400 days, was never evidenced before this stiwly.asperis able to
hibernate, probably inside refugees under barkithimtree hollows, where
it can survive the low temperatures of winter (Baual., 2005). The survey
protocol performed (inspecting suitable trees foe species in several
surveys) allowed us to collect many data abbut asper The adult
phenology showed two peaks of activity (middle ofyMand middle of
June) with no difference between sexes. Behaviaspects (females are
more elusive and males more visible) probably &ff¢the sex rate and sex
recapture rate in favor of males (Drag et al. 20likkaméaki and Komonen
2011, Chiari et al. 2013). The dispersal ability Mf asperis for sure
influenced by its flightless condition; howevergthigh recapture rate on
the same tree can also be a consequence of sgdémtaavior (Hanks
1999). The differences in population abundance rokse between two
years can be explained by the natural fluctuatafrsdult emergencies due
to the long larval development period of the spe¢i®amways, 2005) in
combination with natural (e.g. tree fell that rales attractive compounds)
or anthropic events (e.g. dead wood removal whietiuces resource
availability). The recapture probability was getgratemperature
dependent, suggesting an ideal range of mean ®aiperature of 15-26°C
for survey. In the three study sites investigatedst of captures and mating
events of both years were recorded on a single trege this can allow us
to define this tree like a “key tree” for the poatibn. Exit holes and
shallow laying pits resulted positively correlatéal some woodpecker
variables, confirming the importance of the lanesetrophic resources for
birds (Pechacek and Kristin, 2004). Furthermoregs¢h two Morimus
features showed a negative correlation with candpgure, which could
mean that the species prefer trees with sun exppagd for laying eggs
and consequently for larval development (Albertlet 2012). The species
showed preference for the lying position of tree.(dead or recently dead
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trees) with minor and major branches on the grolikel,observed for other
saproxylic beetles (Cocciufa et al., 2014; Raniud Zansson, 2000; Redolfi
de Zan et al.,, 2014). Canopy closure showed a ipeséffect on adult
abundance, because probably high canopy coveeisuirounding of lying
trees preserves the preferred range of daily teatyer. Furthermore, the
species prefer the early and medium stages of degayood. Probably,
like observed inCerambyx cerdgBuse et al. 2007), a tree at higher decay
stage could have already been overexploited andepoésent more a good
substrate for egg laying and larval developing.

5.1.2 Results of chapter 3: Sexual dimorphism atid-ispecific allometric
relationships between secondary sexual charactebadty sizén Morimus
asper/funereus.

The sexual dimorphism assessed in our study, stgythed in males, a great
investments of resource is directed in developnedéranterior body traits
(e.g. antennal and pronotum length), whereas, nmafes, more resources
are invested for developing wider and longer pdmtesody traits, which
contain reproductive apparatus. The allometric tiwmiahips between
antennal length and elytra length in males exhiditgnificant change in
the slope described by the segmented model, walitch point dividing
the male population in two groups. From the swipdint elytra value
onward (i.e. larger males), the growth rate betwidentwo morphological
traits is lower than that of males with elytra léngpelow the switch point
(i.e. smaller males) (Goldsmith 1985; Pomfret antelK 2006). Due to
some overlaps in the independent variable, it fécdlt to identify two
morphologies (Knell 2009). However, smaller malésvged a positive
allometry while larger males growth trend tendsisometry (Emlen and
Nijhout 2000; Pomfret and Knell 2006). The growtlend observed in
larger males seems to be related to competitionefemurces among rapidly
growing body parts in the pupa (Huxley 1932; Nijhand Wheeler 1996;
Knell et al. 2004). Furthermore, feeding resoureailability are used for
the development of trade-off supporting traits (flaed 1982; Emlen and
Nijhout 2000; Emlen and Allen 2004; Nijhout 1994ifing and Holwell
2013). Probably, in larger males, more resourcesadiocated to enlarge
and to strengthen the body to bear such long aatervales observed in
mating were generally larger than unmated maled,larger males mated
more frequently. We may suppose that they won numnetests for get
females (Hughes and Hughes 1982). The fact thatsthaller males
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outnumbered the larger ones may give them an emadihg possibility

even if they lose contests. Probably small males favored by natural
selection due to other factors, such as predatiomitils and mammals,
because they are more hardly detected, even ifhypethesis should be
tested by further studies. Our observations suggssta possible influence
of body size on dispersal and overwintering ahilliyt they need further
investigations.

5.1.3 Results of chapter 4: Computer-aided Phopdgcaldentification of
Rosalia alpina(Coleoptera: Cerambycidae): first application inmark-
recapture study

Our study demonstrated that the computer-aidedoghaphic identification
method, by using images of natural markingRaf alping is a reliable
method for a CMR study. However, if identificationll be performed by
using PSC software, images have to be of good resolutianadke possible
the spots contour tracing process and they neda tas much as possible
standardized to each other. In our case we get a@bfe images by
photographic adults within a wide mouth squarelbott/sing the central
spot contours made the tracing contour processtiegsconsuming and
facilitated the identification. When individuals hekited one elytron
damaged or covered by the wing, we successfullgineatimages by using
the contour of only one elytron (Caci et al. 2013)ring the identification
process, it was possible to find a score threshaldie of certainty to
identify new individuals or recaptures. Even if theal decision must be
always carried out by the operator, the screeningcgss has been
facilitated by PSC software, otherwise it would be time-consumimgl a
hard to perform manually (Sacchi et al. 2010; Cetial. 2013). The
computer-aided photographic identification methodswquick and less
invasive, because it limited the manipulation afifiduals (Bradfield 2004;
Gamble et al. 2008; Hoque et al.2011; Knox et &12). The Royle
Repeated Count model resulted to be a good modeh appliaed to Difesa
di Pescasseroli data, where the species abundaasedistributed more
uniformly among the surveyed trees during the sampperiod (Royle
2004), otherwise the model underestimated the pdipul size. In this
study, adjusting the sampling design by inspecting sub-set of trees
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selected in 2014, and by increasing the numbeunmveys, allowed us to get
population estimates in the same sites where it paformed in 2015,
acquiring more information on survival probabilignd dispersal. In our
case, the sampling effort was reduced in some tsijleaver number of
trees to inspect and hours per survey) but incceaseothers (a higher
number of surveys); however, this approach is gdlyeisuggested for
species with low detectability (MacKenzie and Rog#05). In both years,
the higher percentage of marked individuals wasnded for the same tree,
therefore defined as “Key tree”; similar aggregatitbehaviours were
observed in other cerambycid beetles (Hanks €et919). Dispersion could
have been limited and have suffered of the gapeffven by large areas
where no suitable habitats occur (Bosso et al. R@@ng huge trees, in a
medium decay class, therefore with some bark ngssimainly located in
opened areas (i.e. with a low canopy closure) sgmted the preferred
habitat of the species, like observed in other istud(Duelli and
Wermelinger 2005; Russo et al. 2011). Trees coézhiby R. alpina
represented also a good host plantMomlasper/funereus

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

M. asper showed an unexpected longevity in natural conadftioand
overwintered males were observed in mating in twosecutive years,
providing the evidence of at least two reproductseasons for these
individuals. However, even if the species could ehdvenefits by its long
lifespan in terms of reproductive success, the rdg nature combined
with the flightless condition, represents the egalal limits of M. asperfor
colonizing new trees, making the species seriotislyatened by woodland
fragmentation. We suggest to plan the surveysMofaspertaking into
account the optimal temperature range for aduiviact Therefore, surveys
should be conducted at early morning or late exgfonhot study sites, and
warmest hours of the day for cold study sites.

The computer-aided photographic identification roethresulted to be a
reliable and less invasive method for populatiardgtof Rosalia alpina
Nevertheless, to facilitate the identification pedare with ¥SC software,
images must be taken following some precautionpalticular, we suggest
to standardize pictures limiting the framing anglariations by
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photographing the specimens within a polyethyleridewmouth square
bottle or a similar tool, facilitating the proceduwn the field.

In relation to the aim of the research, an adjustachpling design by
balancing data acquisition and sampling effort mesult in a quick and
more efficient sampling protocol. This approach aapresent a good
strategy in particular when the target species shaweduced abundance
and scattered distribution.

A special attention must be given to “key trees’ichhhave been identified
for both species. These trees must not be remoeeduse they ensure
population viability, acting like a “source” ford#itating colonization. Our
results suggest that key trees are preferred $poteating and egg-laying,
in particular forM. asperbecause they represent a need fopaigulations;
therefore, the population viability would be sesbu affected by the
removal of these trees, to avoid that they becofisén&”. Furthermore, key
trees should be used as important indicators ofjtbeith population trend
in a monitoring protocol.

Forest management should promote the maintenanckel @nd huge trees,
lying dead trees and coarse woody debris for bptcies, ensuring a
resource availability and connectivity within woadtls and between wood
fragments. In particular, within open areas, damyold trees should be
retained around “key trees” to increase their calmtion by dispersing
individuals of R. alpina. Furthermore, the mitigation of the forest
management impact, not only in the interior paradbrest but also in the
forest edge, trying to preserve the original miefoitat conditions (e.g.
canopy closure and temperature), will improve tlhepersal ability and
colonization success ™. asper.
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