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INTRODUCTION
Development of ecological networks is a part of European Union policy (Bern Convention,
Habitats Directive, Natura 2000). The networks must ensure complete functionality of Natura
2000 sites and meet the requirements laid down by Article 17 of the Habitats Directive. Crossborder Ecological network for the species dependent on broad-leaved veteran trees will deliver
a significant contribution to this aim and will help to ensure long term survival of the target
species and habitats. The Lithuanian – Latvian ecological network plan was created by using
hermit beetle Osmoderma barnabita as an umbrella species – areas in which it is necessary to
ensure the continued functioning of ecological processes and the viability of species populations
within a wider landscape of semi-natural and managed areas have been defined. In the last
decade, studies of hermit beetles in Latvia and Lithuania have become more active, revealing
many new localities of the species. As a result, the sustainability of the identified
metapopulations has also become relevant, combining the problems of genetic diversity,
isolation and the availability of suitable habitats for these metapopulations. (Bāra et al. 2015.,
Telnov et al. 2016., Telnov & Matrozis 2012, Šablevičius 2011). However, before planning the
conservation of the species, it is important to see where the metapopulations are located and
where the gaps in the gene flow between them occur. This document will serve as a basis for
conservation planning of O. barnabita and other saproxylophagous species in future.
To take into account global-scale peculiarities of species distribution, while planning the
development of Ecological network plan for Lithuania, data from LIFE+ project EREMITA
MEADOWS, realized in Latvia, has also been used – data was obtained in the elaboration of
Ecological Network Plan for Assurance of Conservation of Saproxylophagous Beetles. During
the development of the Ecological network plan for Lithuania, potentially suitable territories
for species occurrence were selected based on criteria elaborated within the LIFE+ EREMITA
MEADOWS project. In the framework of cooperation the developed networks are connecting
and forming one cross-border ecological network, thus ensuring the possibility to plan species
conservation measures on the international scale.
Ecological network plan has been prepared based on known and potential habitats of O.
barnabita by using results from:
1) analysis of existing biological data in national spatial databases;
2) inventory of the species in the field (project territories);
3) genetic analyses of the target species;
4) GIS modelling and interpolations.
Within the framework of the project, an interactive map has been created, which
cartographically depicts all identified potentially suitable habitats of O. barnabita. Such an
instrument will facilitate the planning of species protection and habitat management measures
in specific areas.
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IMPORTANCE OF BROAD-LEAVED VETERAN TREES IN NATURE
CONSERVATION
Old broad-leaved trees – often referred to as ancient or veteran – have always attracted attention
of interest in them from an ecological and conservation perspective. Ancient and veteran trees
(see Figure 1) are defined as being of interest biologically, culturally or aesthetically because
of their age, size or condition (Read 2000). The majority of their associated species (e.g.
invertebrates) occur in the canopy and in or on the decaying parts of the wood and bark of
branches, stem and roots. Also, the intact surface of living bark can support a rich assemblage
of epiphytes, including lichens and bryophytes, together with a wide range of associated
specialist invertebrates (Butler et al. 2001; Horak 2017; Ranius & Jansson 2000; Rose 1991;
Zapponi 2017).
Hollows in standing living trees in forests and open landscapes are one of the most relevant
microhabitats for saproxylic insects (Alexander 2008; Müller and Bütler 2010; Müller et al.
2014). They can occur in different parts of the tree and provide a stable abiotic environment
and long-lasting resources to a complex assembly of species from different trophic guilds (Micó
2018; Ranius et al. 2009a) that are influenced to a fairly high extent by the history of
management that has taken place in each woodland (Ranius et al. 2009a, b; Stoklandet et al.
2012; Sebek et al. 2013). Hollows in large trees could remain suitable for the specialised
invertebrate fauna for hundreds of years (Dajoz 2000). Such hollow trees are therefore expected
to have many well adapted species to this kind of stable habitat and therefore demonstrating
low dispersal abilities (Nilsson and Baranowski 1997).

Figure 1. Veteran trees provide nutrition and shelter to a whole ecosystem of species; the species
richness a tree supports generally increases with age (Photo: U. Valainis)
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The loss of veteran trees in woodlands and open landscapes would lead to the loss of saproxylic
organisms – an important part of biodiversity (Alexander 2008; Horak 2017). Forest reduction
and fragmentation, climate change and the abandonment of cultural practices are causing a
decrease in availability of trees with hollows in natural and semi-natural habitats, threatening
the survival of the species that depend exclusively on them. Conservation and retention of
hollowed trees has crucial importance for forest diversity maintenance worldwide; thus, actions
should be urgently adopted (Micó 2018; Miklín and Čížek 2014).
OSMODERMA BARNABITA AS AN UMBRELLA SPECIES
Some organisms are recognized in conservation biology as umbrella species – habitat
management for such species thus protects and shelters a range of other species that require
similar conditions (Caro et al. 2010; Roberge and Angelstam 2004; Breckheimer et al. 2014).
Species of the genus Osmoderma are defined as an umbrella species for the protection of tree
hollow communities (Audisio et al. 2007; Carpaneto et al. 2015; Micó 2018; Ranius 2002a,
2002b), because measures taken to conserve these species will also favour many other
inhabitants of hollows.
Represented by four species, the genus Osmoderma is one of the most endangered groups of
saproxylic beetles in Europe (Audisio et al. 2009). Among the insect inhabitants of veteran
trees, the beetle genus Osmoderma forms a flagship taxon of invertebrate conservation (Audisio
et al. 2007; Landvik et al. 2016a; Nieto & Alexander 2010). In Lithuania and Latvia genus
Osmoderma is represented by one species – O. barnabita (see Figure 2). This species is
particularly vulnerable to the loss of veteran trees, as its larvae requires tree cavities (Ranius
and Nilsson 1997; Landvik et al. 2016a) where it occurs in nutritious wood mould substrate
(Landvik et al. 2016a). Osmoderma species are well adapted to this kind of stable habitat and
therefore they are demonstrating low dispersal abilities (Ranius & Hedin 2001; Dubois &
Vignon 2008; Hedin et al. 2008; Svenson et al. 2011; Oleksa et al. 2013; Valainis et al. 2015).
Due to the low dispersal capacities, Osmoderma species are considered as ones of the most
threatened invertebrates in Europe.

Figure 2. Osmoderma barnabita (Photo: U. Valainis)

The primary habitat of hermit beetles consisted of broadleaf old-growth forests with an
abundance of hollow trees and dead wood (Maurizi et al. 2017; Oleska et al. 2007). Due to the
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alteration of natural forests by commercial management, the number of trees with hollows,
necessary for larval development, reduced – the hermit beetles disappeared in many suitable
broadleaf forests, therefore the species survival now depends on artificial habitats outside of
forests, such as urban parks, wooded grasslands (see Figure 3), old orchards and tree rows along
the roads (Vignon et al. 2004; Ranius et al. 2005; Oleksa 2007; Carpaneto et al. 2010). In many
aspects hermit beetles are considered as an oak-dependent species (Ranius et al. 2005; Ranius
et al. 2009a, 2009b, 2009c; Landvik et al. 2015), while limetrees (Tilia spp.) were mentioned
as the second most important host tree (Oleksa 2007). In many regions, willows (Salix spp.),
ashes (Fraxinus spp.), elms (Ulmus spp.), beech (Fagus sylvatica), aspen and poplars (Populus
spp.), maples (Acer spp.), hornbeam (Carpinus betulus), common alder (Alnus glutinosa) and
fruit trees (Prunus spp., Pyrus spp., Malus spp.) are also indicated as suitable host trees (Ranius
et al. 2005; Tauzin 2005; Dubois et al. 2009; Chiari et al. 2012; Sebek at al. 2012; Kadej et al.
2016; Maurizei et al. 2017).

Figure 3. Fennoscandian wooded meadows (6530*) is one of the most
suitable habitats for O. barnabita (Photo: U. Valainis)

ECOLOGICAL PLANNING AS AN INSTRUMENT IN PROVISION OF INTERESTS
OF NATURE CONSERVATION
Habitat connectivity plays an important role in population viability because it ensures gene flow
and facilitates migration, dispersal, and re-colonization (Théau et al. 2015). Ecologists and
biologists recommend strengthening the connectivity between fragmented habitats to create a
coherent large-scale ecosystem as a solution to enable threatened species to survive (Rayfield
et al. 2011; Garcia-Feced et al. 2011). Thus, ecological networks, with the function of
strengthening connectivity among habitat patches, are increasingly being used to meet the needs
of biodiversity conservation (Ignatieva et al. 2011; Pryke and Samways 2012; Mossman et al.
2015). Establishing ecological networks is currently one of the main objectives of landscape
ecology and nature and landscape protection (Miklós et al. 2019). Nowadays it is clear that
ecological networks are essential to conserve biodiversity and to reverse the fragmentation
process of landscapes and habitats. Ecological networks are also important for people and
society because their concept appeals to the general public and policy-makers (Gonzalez et al.
2017). It also provides a framework for stakeholder involvement and supports the Ecosystem
Approach, as endorsed under the Convention on Biological Diversity.
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Nowadays development of high-quality planning documents is unimaginable without
application of opportunities given by Geographic Information System (GIS). Use of GIS allows
to plan species conservation not only in a frame of one specific territory, but on a bigger scale
as well. By applying information from various geographic databases, it is possible to identify
habitats appropriate for each species, to define potential risks and model various development
scenarios, by taking as basis species ecological demands to surrounding environment and
habitats.
PRINCIPLES AND SOURCES OF SELECTION OF HABITATS POTENTIALLY
SUITABLE FOR OSMODERMA BARNABITA
All available databases were used while developing the Ecological network plan for the speciesdependent on the broad-leaved ancient and veteran trees. The data selection included all
available geospatial data that could indicate the occurrence of old broadleaf trees in both forests
and opened landscapes. In order to specify the selection criteria Osmoderma barnabita was
chosen as the main target species. This species has very high environmental requirements and
reflects the general environmental quality requirements of other umbrella species.
The following databases were used:
✓ Latvian State Forest Service © State Register of Forests, database updated in 2017;
✓ Lithuanian State Forest Service © State forest cadastre;
✓ Vector data layer of umbrella species localities © prepared by The Nature Conservation
Agency 2020 (Latvia);
✓ Vector data layer of umbrella species localities © prepared by Nature observation
website dabasdati.lv 2020 (Latvia);
✓ Ministry of Environment of the Republic of Lithuania © The Informational System for
Protected Species;
✓ Vector data layer of wooded meadows polygons © prepared by The Nature
Conservation Agency 2020 (Latvia);
✓ State service for protected areas © The Republic of Lithuania protected areas state
cadastral data;
✓ Vector data layer of ancient trees localities © prepared by The Nature Conservation
Agency 2020 (Latvia);
✓ Vector data layer of the manor and parks localities © prepared by The Latvian
Geospatial Information Agency 2020 (Latvia);
✓ Gintaras Rumšas © Lithuanian Manors 2018;
✓ Lithuanian State Forest Service © Woodland Key Habitat inventory of Lithuania 2009;
✓ Ministry of Environment of the Republic of Lithuania © Natural habitats of EU
importance 2015;
✓ Lithuanian Fund for Nature © 2020.
The hexagonal tessellation has been used for habitats suitability identification for the species
dependent on old broad-leaved trees. The dimensions of the hexagon were based on proved
information on the flight distance of the hermit beetle, available in the literature. The maximum
known O. barnabita relocation distance is 2.09 km, which was fixed by the re-capture method
(Valainis et al. 2015). Thus, the distance of 2.09 km was taken as the length of one edge of the
hexagon, which also corresponds to the distance from the center of this figure to each of its
angles (see Figure 4). The hexagon, as the basis of the network, was taken because it has some
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advantages from being closer in shape to circles than squares are. Therefore a hexagon has a
shorter perimeter than a square of equal area, which potentially reduces bias due to the edge
effects (Krebs 1989). The value based on the developed criteria of habitat suitability for the
hermit beetle occurrence was assigned to each hexagon.
Three main criteria were used to assess the probability of occurrence of the species in the
territory of hexagons:
•
•
•

Criteria 1 – broad-leaved tree species suitability for O. barnabita.
Criteria 2 – age of broad-leaved tree species suitable for O. barnabita.
Criteria 3 – localities of other umbrella species inhabiting old broad-leaved trees.

The effect of each criteria was evaluated separately in both open areas and forest lands. For
assigning a value to a specific hexagon, the total value of habitats in forest areas and the full
value of open area habitats were compared, which is higher. After comparing one, the most
significant value was assigned to the hexagon. Thus, it was established for each hexagon,
whether the most favourable conditions for O. barnabita were found in the forest or open
landscape. According to this system, the maximum value that can be assigned to one hexagon
are 12 points.

Figure 4. The principle of hexagon formation

Evaluation of forest areas
➢ CRITERIA 1. Evaluation of hermit beetle potential habitats in forest stands – based on
dominant tree species in a forest stand, but in the case of oak – any representation in the
emergent layer of forest stand. If the hexagon contains several suitable forest sites for
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the hermit beetle, the value of one most suitable forest site is taken into account. The
principle of value assignment by Criteria 1 is shown in table 1.

Table 1. The principle of value assignment by Criteria 1.
Factor (tree species in forest
stand)

Numeric value (shows the
possibility of O. barnabita
correlation with a specific
tree species

Oak

4

Lime tree

3

Maple, ash, elm, beech, hornbeam

2

Willow

1

Notes

Value is assigned for the presence of the
species in the emergent layer.
Value is assigned for the dominant tree in
the emergent layer.
Value is assigned for the dominant tree in
the emergent layer.
Value is assigned for the dominant tree in
the emergent layer.

➢ CRITERIA 2. Evaluation of tree age correlation with the possibility of hermit beetle
habitat in forest stands. The value of one of the oldest forest stand is taken into account
when assigning value to the hexagon. The principle of value assignment by Criteria 2 is
shown in table 2.
Table 2. The principle of value assignment by Criteria 2.
Factor (diameter of tree species in forest stand)
Oak
Any oak representation in an emergent layer (> 251 years)
Any oak representation in an emergent layer (201 – 250 years)
Any oak representation in an emergent layer (151 – 200 years)
Any oak representation in an emergent layer (121 – 150 years)
Other suitable trees
Lime tree, maple, ash, elm, beech, hornbeam or willow dominant
(> 166 years)
Lime tree, maple, ash, elm, beech, hornbeam or willow dominant
(131 – 165 years)
Lime tree, maple, ash, elm, beech, hornbeam or willow dominant
(101 – 130 years)
Lime tree, maple, ash, elm, beech, hornbeam or willow dominant
(66 – 100 years)

Numeric value (shows the possibility
of O. barnabita occurrence correlation
with the age of the tree)
4
3
2
1
4
3
2
1

➢ CRITERIA 3. Evaluation of localities of umbrella species inhabiting old broad-leaved
trees in forest stands. Four factors are used to evaluate the umbrella species habitat
suitability for hermit beetle:
• species has a low dispersal capacity;
• a relationship with oaks or lindens (the most suitable trees for the O.
barnabita) have been established;
• species prefers open, “sunlit” habitats;
• species at one of the development stages is associated with cavities/hollows.
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If there is more than one locality of umbrella species in a hexagon, only the value of the most
valuable species is taken into account. Each umbrella species is assigned one point for
compliance with each of the factors. The principle of umbrella species value assignment is
shown in table 3.

Table 3. The principle of umbrella species value assignment.
Species

1st factor

2nd factor
Mammalia
0
0
0
Aves
0
Insecta
1
0
1
1
1
Pseudoscorpiones

3rd factor

4th factor

The total
value

0
0
0

1
1
1

1
1
1

0

1

1

1
0
1
1
0

1
1
1
1
1

4
2
4
4
3

Myotis nattererii
Myotis brandtii
Glis glis

0
0
0

Strix aluco

0

Osmoderma barnabita
Protaetia lugubris
Gnorimus variabilis
Elater ferrugineus
Prionicus ater

1
1
1
1
1

Anthrenochernes stellae

1

1
Fungi

1

1

4

Hapalopilus croceus
Grifola frondosa
Xylobolus frustulatus
Inonotus dryophilus
Perenniporia medulla–panis
Fistulina hepatica

1
0
1
1
1
1

1
0
1
0
0
0

0
0
0
0
1
0

3
1
3
2
3
2

Sclerophora coniophaea
Chaenotheca phaeocephala
Bactrospora dryina
Sclerophora farinacea
Chaenotheca cinerea
Chaenotheca hispidula
Pertusaria flavida
Calicium quercinum
Calicium adspersum
Ramalina baltica
Sclerophora farinacea

1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
Lichens
1
1
1
1
1
1
1
1
1
1
1

1
1
0
1
1
1
1
1
1
1
1

0
0
0
0
0
0
0
0
0
0
0

3
3
2
3
3
3
3
3
3
3
3

Evaluation of open areas
➢ CRITERIA 1. The presence of potentially suitable habitat for O. barnabita in the
open area of the hexagon:
• Parks and manor houses with surrounding parks;
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•

Fennoscandian wooded meadows (6530*).

For parks, wooded meadows, the same value (4 points) is assigned, which does not add up if
both habitats are present in the hexagon.
➢ CRITERIA 2. The presence of potentially suitable ancient trees for O. barnabita in
the open area of the hexagon. The value assigned to the hexagon does not depend on
the number of trees found within its territory. The presence of a factor is assigned a
value of 4 points.
➢ CRITERIA 3. Evaluation of localities of umbrella species, the species whose
requirements associated with old broad-leaved trees. Four factors are used to evaluate
the umbrella species habitat suitability for hermit beetle. The calculation is the same as
for species in the forest habitats.
Steps of data selection and processing:
•
•
•

•
•
•

Characteristic quantities of the selected habitats potential for hermit beetle occurence are
expressed in ArcGIS Pro model builder (selected by atribute using SQL query
expression).
The hexagon network with a total area of 132347 km², consisting of hexagons (11,35
km² each), was developed for the entire territory of Latvia and Lithuania using the ©
ESRI software ArcGIS Pro geoprocessing tool (Generate Tessellations).
Geoprocessing tools have been added to the model builder – layers selected by attributes
for which SQL queries expressions have been created, allowing to select only the
suitable objects, for example, by the dominant tree, age, umbrella species, wooded
meadow and others.
From a geoprocessing tool – the copy function was used: exporting data from the
databases. Only data that corresponded to specific factors was exported.
The function of selecting a layer by location was used to determine the location of certain
polygons or points in a particular hexagon.
For selected hexagons value assignation, field calculation tools were used.

OSMODERMA BARNABITA POTENTIAL DISTRIBUTION MODEL IN LITHUANIA
AND LATVIA
Development of a map based on hexagons to identify habitats suitable for O. barnabita
The assessment of habitat suitability for species dependent on broad-leaved trees was based on
the obtained values of the hexagon. The maximum possible value for a hexagon are 12 points,
which is the sum of the maximum values in each of the three matching criteria (the presence of
broad-leaved trees, age of broad-leaved trees and umbrella species associated with these trees).
When creating a graphical display of hexagons on the map, according to their value, a certain
colour intensity was assigned, increasing the colour intensity with an increase in the value
assigned to the hexagon. An example of a map on a local scale with created hexagons is shown
in Figure 5. For a cartographic representation of hexagon values at the scale of Lithuania and
Latvia see Figure 6.
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To get a general idea of the occurrence possibilities of O. barnabita in a particular hexagon, a
simplified map was created where all hexagons were divided into three categories depending
on suitability for the species (see Figure 7). The following categories were used:
➢ 0 to 3 points – low possibility of O. barnabita occurrence;
➢ 4 to 8 points – medium possibility of O. barnabita occurrence;
➢ 9 to 12 points – high possibility of O. barnabita occurrence.

Figure 5. Hexagon value formation example on a local scale
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Figure 6. Cartographic representation of hexagon values at the scale of Lithuania and Latvia
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Figure 7. Cartographic representation of hexagon values at the scale of Lithuania and Latvia (assessment
of hexagons in 3 categories)
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Creation of an interactive map and the review of available GIS data layers
For a detailed survey of the territory of Latvia and Lithuania and planning of management
measures, an interactive map has been created. To comply with data protection rules, two
versions of an interactive map were created: the first one with in free access, where general
information is published, and the second version, with access for specialists of nature
conservation and environmental protection, which contains detailed information.
The public access version contains the following data:
➢ Hexagon values map (12 categories);
➢ Hexagon values map (3 categories);
➢ Ecological network data:
• O. barnabita localities;
• Core areas for O. barnabita;
• Ecological corridors between the core areas;
• Gaps between O. barnabita populations;
• Results of O. barnabita populations genetic analysis.
Website address:
https://gis.biology.lv/portal/apps/webappviewer/index.html?id=f79a86a88c684596af52f48305
932b1c
The version available to specialists of nature conservation and environmental protection
contains the following data:
➢ Hexagon values map (12 categories);
➢ Hexagon values map (3 categories);
➢ The data selected for the identification of the
first criteria: suitable broad-leaved trees for O.
barnabita in forest stands;
➢ Parks and manors;
➢ EU protected habitat Fennoscandian wooded meadows (6530*);
➢ The data selected for the identification of the second criteria: age of suitable broadleaved trees for O. barnabita in forest stands;
➢ Broad-leaved ancient trees in open areas;
➢ The data selected for the identification of the third criteria: localities of umbrella
species inhabiting old broad-leaved trees in both forest stands and open landscape;
➢ Ecological network data:
• O. barnabita localities;
• Core areas for O. barnabita;
• Ecological corridors between the core areas;
• Gaps between O. barnabita populations;
• Results of O. barnabita populations genetic analysis.
➢ Additional factors for planning species protection measures in ecological corridors:
• Natura 2000 territories;
• EU protected forest habitats 9180* (Tilio-Acerion forests of slopes, screes and
ravines), 9020* (Fennoscandian hemiboreal natural old broad-leaved
15

•
•
•

deciduous forests) and 9160 (Sub-Atlantic and medio-European oak or oakhornbeam forests of the Carpinion betuli);
Woodland key habitats layer with large-dimensional broadleaf trees (available
only for Lithuania);
Protected alleys (available only for Latvia);
Urban territories.

Website address:
https://gis.biology.lv/portal/apps/webappviewer/index.html?id=edc3bdd10921491895cabfc7a
c9856cc
METHODOLOGY FOR IDENTIFYING THE BASIC ELEMENTS OF THE
ECOLOGICAL NETWORK
For identification of Ecological network basic elements was used the Kernel Density
Estimations (KDE) method. Kernel density estimators are widely applied to area‐related
problems in ecology, from estimating the home range of an individual to estimating the
geographic range of a species (Fleming et al., 2016; Pengshan et at., 2016). Kernel Density
tool calculates the density of point features around each output raster cell. Within this project
the point has been assumed as the center of each hexagon. In modelling, the value of each
hexagon (from 1 to 12) has been taken into account – the value has been allocated based on the
probability of occurance of O. barnabita within specific hexagon. The KDE results were
divided into 12 levels by the natural break classification method (see Figure 8).
Areas with the highest probability of species occurrrence according to the KDE method were
defined in the Ecological Network as Core areas. The areas between the core sites with the
highest probability of identifying potentially suitable habitats for the species were identified as
ecological corridors (see Figure 9). Connecting the core areas with corridors, plots with a low
probability of the hermit beetle occurrence were identified. These territories were defined as
gaps within the ecological corridors on a global scale. These gaps disrupt gene flow between
metapopulations, which leads to a reduction in the genetic diversity. The formation of such gaps
should be prevented by the creation of artificial cavities or by veteranisation of trees potentially
suitable for the species.
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Figure 8. Network Density Estimation computed over hexagons grid cells values in developed O. barnabita
potential distribution model in Lithuania and Latvia (2090 m Bandwidth)
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Figure 9. Basic elements of developed Ecological network - core areas, corridors and gaps
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INTERPRETATION OF PERFORMED GENETIC ANALYSES DATA
The material required for genetic research was collected from 136 Osmoderma specimens in 28
sites in Lithuania. The samples of hind legs were used for DNA extractions. Overall, 136 DNA
samples were isolated, however, only 134 DNA samples were suitable for analysis. 47 samples
from 3 sites were collected in Latvia within the LIFE EREMITA MEADOWS project – they
were analyzed to compare Lithuanian and Latvian metapopulations. Unfortunately, a sufficient
number of sampled individuals were represented only by the metapopulations of eastern part of
Latvia, therefore the genetic affiliation for the metapopulations located in northern and western
parts of Latvia is still unclear.
Principal Coordinate Analysis (PCoA) was used to reconstruct the dissimilarities among
metapopulations. Given that a part of the sampling places has been represented by a small
number of specimens, samples were analyzed by combining the closest metapopulations to each
other. PCoA was performed in total in 9 metapopulations in Lithuania and in 3 metapopulations
in Latvia (see in Figure 11).
Obtained microsatellite data analysis represents historical data and is demonstrating that
connection among metapopulations existed and is indicating that populations have a common
ancestor. According to the obtained data (see in Figures 10 and 11) all analyzed
metapopulations are divided into two groups. The first group includes Lithuanian
metapopulations 4 and 9, as well as Latvian metapopulations 1, 2 and 3, while the second group
includes metapopulations 5, 6, 7, 8, 9, 10, 11 and 14 in Lithuania. Although metapopulations 1
and 2 in Latvia are closer to the first group of metapopulations, they have a specific mixed
genetic profile. These two metapopulations have a genetic profile which is sharing alleles with
almost all populations. Additionally, the analysis of metapopulation 1 is indicating a probable
connection with O. barnabita population in Estonia as the genetic profile of some samples
differs from others.
The results are showing that metapopulations 4 and 9 in Lithuania have a strong connection and
a similar genetic profile. Additionally, obtained results are also demonstrating the similar
genetic profile of metapopulations from central part (7 and 14), eastern part (5) and southern
part (8 and 10) of Lithuania – by this, it might be considered that these populations had a close
connection.
Figure 12 represents a number of found alleles per locus, thus showing a variety among each
locus and representing the variability of the population. In case, when more alleles are presented
in one locus it is showing a greater variety and is indicating a higher viability of the populations
in comparison with populations, which have a small number of alleles per locus. Variety of
allele number per locus slightly differs among populations, which might indicate relatively
recent isolation of populations. However overall genetic profile is showing connection among
the populations.
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Figure 10. Principal Coordinate Analysis (PCoA) data
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Figure 11. O. barnabita metapopulation groups in the Ecological network
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Figure 12. Number of found alleles per locus in each of analyzed metapopulations

22

RECOMMENDATIONS FOR OSMODERMA BARNABITA CONSERVATION
MEASURES

The characteristics of the basic elements of the developed Ecological network and general
suggestions for ensuring their functionality are summarized in the table 4.
Table 4. Characteristics of the basic elements of the developed Ecological network and general suggestions
for ensuring their functionality.
Ecological network
elements
Core areas

Corridors

Characteristics
Areas where the conservation of suitable
habitats takes primary importance, even if
the area is not legally protected. Regions
where the species localities are
concentrated, and the significant number of
potentially suitable habitats for the species
have been identified.
Measures for the management of the hermit
beetle habitat and species protection are
often already applied in these areas.

Corridors serve to maintain vital ecological
connections by supporting physical
linkages between the core areas.
In principle, linking isolated patches of
habitats can help increase the viability of
local populations in several ways:
•
•
•

•

Gaps

by allowing species individuals access
to a larger area of habitat;
by allowing genetic exchange with
other local populations;
by
offering
opportunities
for
individuals to move away from a
habitat that is degrading or from an area
that is under threat;
by securing the integrity of physical
environmental processes that are vital
to the requirements of certain species.

Gaps are territories where the presence of
habitats suitable for hermit beetle is
unlikely, but which are essential for the
functioning of species distribution
corridors.
During the development process of the
Ecological network plan, gaps between
several core areas were identified (see
Figure 9). In these territories, species
protection measures for the maintenance of
existing habitats suitable for the species and

Strategies
• Inventorisation of core areas using both
target species and structure-based
indicators, such as the presence of old
trees.
• Identification of factors that
could
impact species negatively in existing and
potential O. barnabita habitats.
• Planning and implementation of the
specific species protection measures
(expansion of specially protected nature
territories, creation of new ones, etc.) and
habitat management measures.
• Identification of potential gaps in O.
barnabita distribution corridors and
restoration habitats suitable for the
hermit beetles.
• Implementation of measures to protect
the necessary structural elements for O.
barnabita. Strict protection of corridors
in fragmented landscapes (trees on the
roadsides, ancient trees, etc.), including
management to keep at least some areas
open, e.g., by grazing or selective
cutting.
• Restoration of stepping stones between
core areas, planting trees in places where
the continuity of habitat has been
disturbed, as well as other measures
enhancing the microhabitat continuity in
space and time e.g. promoting hollow
creation
by
pollarding
trees,
veteranisation or fungal inoculation.
• Investigation of gaps in the field to find
out if it is a gap or lack of data;
• Placement of artificial microhabitats –
surrogate tree cavities;
• Veteranisation of oaks – managing trees
to speed up habitat production;
• Planting new broad-leaved trees.
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creation of new the ones should be
implemented as a matter of priority.
Gaps on a local scale can be identified using
the developed interactive map. In the
interactive map, gaps are hexagons where
potentially suitable habitats for the species
have not been identified.

The main tasks in ensuring the functionality of the developed ecological network:
For the implementation of sustainable measures, including habitat management measures and
creation of artificial habitats, for protection of the hermit beetle population, special attention
should be paid on maintaining suitable habitats for species that depend on broad-leaved trees
on a landscape, ecosystem and regional scale. In order to ensure the long-term conservation of
the species, it is essential both to plan coordinated actions to ensure the conservation of the
species on a global scale, as well as to implement local measures for the management of the
species habitats.
Proposals for the implementation of measures necessary to ensure the conservation of the
species:
•

Identification and integration of management measures necessary for the
protection of species populations found in specially protected nature territories
into nature conservation plans, ensuring the protection of O. barnabita
populations.
An invertebrate expert should be involved in development of conservation plans for
specially protected nature areas where the habitats of O. barnabita have been identified.
A competent expert should provide advice on the protection of O. barnabita and site
management measures necessary for the long-term survival of its population.

•

Inventorisation of O. barnabita habitats adjacent to specially protected nature
territories (SPNT) and preparation of proposals for their inclusion in SPNT.
According to the currently known species localities data and information from Natura
2000 territories Standard Data Forms, 54,40 % in Lithuania and 61 % in Latvia of all
O. barnabita registered localities are located in Natura 2000 sites. These sites are
displayed in figure 13. This is a good indicator in the context of the protection of species
population. Nevertheless, the intensity of research on protected species is much higher
in protected areas, so in order to get a real situation, it is necessary to find out the
occurrence of the species outside the protected areas. Consequently, the protection of
the species populations cannot be considered sufficient at present, which is further
strengthened by the factors negatively affecting the species and its habitat (habitat
fragmentation, aging, felling of old trees, etc.) in the species localities, including Natura
2000 areas.
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Figure 13. Natura 2000 sites in Lithuania and Latvia where O. barnabita localities have been registred

It is necessary to evaluate the possibilities of expanding Natura 2000 sites by including
areas with registred localities and potentially suitable habitats of O. barnabita that are
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located in their immediate vicinity. Such a feasibility study has been carried out in
Latvia (Kalniņš 2014), identifying 15 Natura 2000 sites, as well as 22 SPNT without
Natura 2000 status, for which proposals for clarification of boundaries have been
prepared. The inventory of O. barnabita habitats adjacent to SPNT and the development
of such recommendations would also be useful for planning the protection of
micropopulations of species occurring in other countries.
•

Establishment of micro-reserves to ensure the protection of the species outside
specially protected nature territories.
According to the legislation in force in Latvia, O. barnabita is one of the species for the
protection of which micro-reserves may be established (Regulations of the Cabinet of
Ministers (No. 940, 18.12.2012.) “Regulations Regarding Establishment, Protection and
Management of Microreserves”. Microreserves are territories that are designated for the
protection of specially protected species and their habitats. In microreserves similarly
to specially protected nature territories, actions that may threaten rare species or their
habitats are restricted or prohibited.
Eight micro-reserves for O. Barna bita have been established in Latvia, and in two other
micro-reserves, O. barnabita has been mentioned as another protected species. The
maximum allowable micro-reserve area for this species is 30 ha. It could be used as a
good example for other countries.

•

Maintenance of O. barnabita ex-situ population.
The breeding is aimed at obtaining a series of specimens through ex-situ and in-situ
reproduction, starting with individuals taken from natural populations. The breeding
makes it possible to have beetles – larvae and adults – for reintroduction and
repopulation activities. Based on the experience of experts from other countries,
methodology of establishing a captive population of the hermit beetle in Lithuanian
Zoological Garden (LZG) has been developed (in the framework of project LIFE
OSMODERMA). The first zoo captive-bred specimens were returned to nature in the
summer of 2020 (see Figure 14).
Breeding of O. barnabita in LZG will also be continued after the end of the LIFE
OSMODERMA project to have a permanent captive population, which could be used
for reintroduction of the species to its historic restored habitats.
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Figure 14. Restoration of O. barnabita population in the Verkiai Regional Park in the
framework of LIFE OSMODERMA project (Photo: U. Valainis)

•

Assessment of the necessary management actions in O. barnabita habitats
implementing detailed broad-leaved trees mapping.
Saproxylophagous beetle species are closely related to both the number of trees per unit
area and the overall scale of the landscape (Bergman et al. 2012). The most important,
as the longest-lived and most stable tree species, is oak, but other broad-leaved tree
species also often serve as a habitat for these species. To assess more clearly the living
conditions of hermit beetles and other ecologically similar species and their potential
habitats in future, it is useful to identify the number of trees of different developmental
stages, their growth conditions, and location in space.
During the detailed mapping, the information on a number of trees, their developmental
stages (see Figure 15), and management needs should be collected.

Figure 15. Development scheme for hollow trees, especially made for oaks but can also be used for other
tree species, especially broad-leaved deciduous trees. The numbers used represent the development stage
of the tree and also indicate the age. 1st stage: Young tree without hollows; 2nd stage: Middle aged tree
without hollows; 3rd stage: Older tree without hollows; 4th stage: Old trees with small hollows and a
small amount of wood moul; 5th stage: Old tree with medium sizes hollows and a lot of wood mould; 6th
stage: Old tree with large holows and a lot of wood mould; 7th stage: Old tree with large hollows and
very little wood mould which is lying on the ground (Antonsson & Jansson 1997).

It will help to assess if the quantity of hollow trees in the planned management polygon
is sufficient and whether various stages of tree development are represented
homogeneously and in sufficient numbers (see Figure 16). The collected information
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should be useful to assess the borders of the managed area, to describe detailed
management tasks (see Figure 17), and to estimate the probable costs. It is necessary to
assess also the suitability of each broad-leaved tree for the occurrence of target species,
as well as to note other information relevant to habitat management. It is also necessary
to get the data on other specially protected and rare species identified in the mapping
process (see Figure 16). Ecological requirements of other species distributed in the same
habitats also must be taken into account when planning management measures.

Figure 16. Cartographic representation of developmental stages of mapped trees, protected species
localities, ancient trees, snags and logs. Example from the mapping of O. barnabita habitats in the nature
reserve “Lubāna mitrājs” (Natura 2000 code – LV0536600), Latvia (Latvian Environmental Protection
Fund project No 1-08/294/2018 data)
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Figure 17. Cartographic representation of the assessment of the management measures defined for each
mapped tree. Example from the mapping of O. barnabita habitats in the nature reserve “Lubāna mitrājs”
(Natura 2000 code – LV0536600) (Latvian Environmental Protection Fund project No 1-08/294/2018 data)

In Latvia, detailed mapping of hermit beetles habitats and management planning has
been already implemented in Gauja National Park (Natura 2000 site code – LV0200100)
(LIFE+ FOR-REST project), protected landscape area “Ziemeļgauja” (Natura 2000 site
code – LV0600700) as well as in nature reserves “Lubāna mitrājs” (Natura 2000 code –
LV0536600), “Mugurves pļavas” (Natura 2000 site code – LV0528800) and “Sitas un
Pededzes paliene” (Natura 2000 site code – LV0532000).
•

Informing public about O. barnabita and other rare species dependent on broadleaved trees as well as the importance of old hollow trees in nature.
Many species, including endangered saproxylic beetles, are threatened by anthropogenic
factors, such as habitat loss, capture for the illegal wildlife trade, and climate change.
People living in areas near endangered species and habitats are often unaware of their
existence, how their actions negatively impact the species, or the laws protecting them.
For this reason, systematic and attractive conservation education programs, public
events, and other actions (Figures 18 and 19) need to be held not just for children and
the youth, but for people belonging to all age groups. Such activities are meant to help
people understand these issues and develop an ethic that will support a host of
conservation behaviours. Specially protected nature territories have a unique role in
public education in the field of nature conservation.
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Figure 18. In the framework of the project LIFE OSMODERMA organized educational
programme “Save one – save a hundred” (Photo from the archives of Lithuanian Zoological
Garden)

Figure 19. Exhibition “Life in tree” arranged within the project EREMITA MEADOWS in
Slītere National Park (Photo: A. Soms)

•

Training of nature conservation experts and specialists in the identification of
species-dependent broad-leaved trees.
An important measure in ensuring the protection of a species is the identification of
habitats suitable for the species and the identification of the necessary management
measures. For the successful implementation of the measure, it is necessary to provide
training (see Figure 20) in the identification of species habitats and planning of the
necessary management measures for specialists in the field of nature protection, who
are engaged in daily survey and supervision of territories. Knowledge of the
identification of habitats suitable for the species and the ecological requirements of the
species will allow nature conservation specialists to independently identify the habitats
of a previously unknown species, as well as to plan the management measures necessary
for the sustainable existence of the species.
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Figure 20. Participants of a seminar for nature rangers and observers, organized within the
project EREMITA MEADOWS, learning about habitats of saproxylic species (Photo: M.
Nitcis)

•

Consultations of landowners in implementation of O. barnabita habitat
management activities.
In order to ensure proper management of the species habitats, it is essential to provide
consultations to the landowners on whose land the species has been found.

•

Maintenance of “temporary habitats” in areas where the natural habitat of the
species has been destroyed.
In places where a hollow tree inhabited by a hermit beetle was broken by wind or was
cut down for some reason, it is essential to keep the fragments of hollow trunks (see
Figure 21) in a state suitable for the species for as long as possible. One example of a
successful implementation of temporary habitat was performed in Lithuania. 1,5 ha oak
forest designated as Natura2000 territory for protection of two beetle species
(Osmoderma barnabita and Cucujus cinnaberinus) was cut down at the beginning of
2019. The forest owner agreed to pass on 4 oak trunks with larvae and pupae of the
hermit beetle to Verkiai Regional Park, which is a historical habitat of the hermit beetle.
After more than one year, in July 2020 adult hermit beetles were observed on these tree
trunks. It shows that such measures may reduce the negative impact of forest cuts for
some protected species.
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Figure 21. “Temporary habitat” for O. barnabita created within the framework of the project
LIFE OSMODERMA in Verkiai Regional Park (Photo: U. Valainis)

•

Planting new broad-leaved trees and placing wooden boxes mimicking tree cavities
in artificial habitats to establish ecological corridors in the areas with gaps between
the metapopulations.
One of the most significant problems of O. barnabita protection in Latvia and Lithuania
is the lack of young broadleaf trees in the actual species localities. At the time when
existing hollow trees became unsuitable for O. barnabita, often there are no other
suitable trees in their vicinity. In such areas, it is necessary to plant broadleaf trees to
ensure the formation of habitats suitable for O. barnabita in the future, as well as to
place wood mould boxes in order to prevent the current breaks in the age structure of
the trees.
Wood mould boxes for saproxylic insects, bats, and birds mimic conditions in a natural
tree cavity. These boxes are built in areas with a lack of old hollow trees. Wood mould
boxes may vary in size, dimensions of boxes built in Verkiai Regional Park (see Figure
22) are 250 x 50 x 50 cm, which gives a total volume of more than 400 L. Boxes are
filled with a man-made wood mould: a mixture of broad-leaved trees sawdust and oak
leaves, mixed with water. The substrate fills up three-quarters of the wooden box, giving
approx. 300 L potential substrate for saproxylic organisms. There are holes in the roof
of the box for rainwater as well as a plastic sheet on the bottom to retain moisture inside.
A wire net attached to walls of the box is protecting the inhabitants from woodpeckers.
There are separate entrances for birds and bats. The section for bats is composed of
vertical wooden sections and serves as a daytime shelter for bats. Birds may be nesting
in the upper part of the wooden box on wood mould. Saproxylic insects live in the lower
part of the box, in the artificial wood mould (see Figure 23). All these organisms
together form a small ecosystem inside the wood mould box, similar to a natural tree
cavity. Research made in Sweden has shown that 70% of the beetle species that live in
hollow oaks can live in boxes filled with man-made wood mould (Jansson et al. 2009).
Information boards, explaining the value, threats, and conservation measures for
saproxylic species are set up close to the boxes.
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Figure 22. Wooden box mimicking tree cavity created
within the framework of the project LIFE
OSMODERMA in Verkiai Regional Park (Photo: A.
Banelienė)

•

Figure 23. Illustration of the organisms,
living in the wood mould box. Scale of the
organisms is artistic and does not follow the
real proportions (Ilustration author: M.
Jasnauskaitė)

Ensuring long-term maintenance, and thus a favourable conservation status of O.
barnabita micropopulations in extant species localities.
In many places trees inhabited by O. barnabita are located in shade from nearby
growing shrubs and younger trees. In these cases it is necessary to cut out the trees and
shrubs that are forming the shade (see Fig. 24). If the overgrowth level of biologically
valuable tree is low, then all unwanted trees and shrubs under the tree crown projection
are cut out in one attempt. If the target tree has been growing in suppressed conditions
and the trees nearby it reach its height, then attenuation of shade has to be gradual. That
reduces the possibility of hollow trees dying from too rapid change of growth
conditions. First of all, it is necessary to remove shrubs and younger trees, but during
one of the upcoming years after that – trees of the emergent layer of a forest stand. As
far as possible shrubs that are not forming negative shadow and while blooming serve
as an important food source for insect pollinators, also protected species, have to be
saved.
In order to preserve nestlings and birds while hatching eggs, management of
biologically valuable trees has to be done during autumn or spring. Management
measures have to be repeated after 5 to 7 years to cut out the newly grown shoots.
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a.

b.

Figure 24. Potential habitat of Osmoderma barnabita in the territory of nature reserve “Eglone”
before the beginning of management (a) and after finishing the management works (b) (Photos: R.
Cibuļskis)

•

Increasing the viability of veteran trees by the professional arborists.
Veteran tree management clearly differs from standard arboricultural and forestry
practice, being more complex, delicate and skill demanding. The management and
understanding of veteran trees is a complex and sensitive field and as such it requires
expert and specialist attention. When managing any veteran tree it is important to treat
the tree as an individual and manage according to its specific needs. Assess any actual
or potential threats to the tree, and then provide management to suit the requirements of
this individual object, just because one veteran tree has been managed in one way
doesn’t mean that they should all be managed in the same manner.
Attracting professional arborists in management of veteran trees is especially important
in cases when old hollow trees are located in urban territories and can pose risks for
public safety. The involvement of specialists in such situations makes it possible to
preserve important habitats for the species without endangering visitors of these areas.

•

Veteranisation of broad-leaved trees – managing trees to speed up habitat
production.
Veteranisation is a method by which the ancient tree formation time i.e the time for trees
to produce habitats and substrates only found on ancient trees can be reduced.The aim
of veteranisation is thus to bridge the generation gap found in some old tree populations
by trying to mimic natural damage caused by for example lightning strikes, branch
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failures and woodpecker holes by using tools. The treatments should be relatively mild
in character so that the tree survives, but adequate to create decaying wood habitat in
living trees. Veteranisation is generally suitable on sites, where there are plenty of
younger trees, which may otherwise be removed to increase the level of light to favour
other younger individuals or existing ancient trees and where there is a generation gap
(Forbes and Clarke 2000; Read 2000). This means that you make use of the existing tree
resource as an alternative to removal. This method is never appropriate to use on trees
which may already be developing habitat or trees that already have important habitat,
nor trees where safety may become an issue, such as in parks or towns (Bengtsson et al.
2012).
•

Involvement of nature experts in the risk management assessment of dangerous
old trees in urban parks and along the rural roads to ensure both human safety
and the conservation of biodiversity.
Urban parks can harbour small populations of saproxylic insects of high conservation
concern, such as hermit beetles and other rare species. These areas often host old trees,
which have become very uncommon in rural areas where they are threatened by
commercial forestry management procedures based on frequent tree cutting.
Nevertheless, old trees in urban parks may represent a hazard for public safety and are
sometimes cut by management authorities.
The following recommendations are given to promote the conservation of saproxylic
insects in urban green areas, in agreement with actions for public safety (Carpaneto et
al. 2010):
(1) reducing cuts of secondary tree branches to conserve a canopy cover and optimal
microclimate conditions within the holes;
(2) leaving the largest branches and trunks on the ground after cutting, in order to
increase development sites for larvae of saproxylic insects;
(3) using steel ropes and other shores to hold collapsing trees;
(4) applying Natural Fracture Techniques such as pruning methods used to mimic
fractured ends which naturally occur on trunks and branches;
(5) removing inadequate reinforcement materials used in the past to strengthen old
trees or to occlude hollows;
(6) removing trash and other objects left in hollows by people, in order to recover
habitat conditions.
(7) Smoke detectors in the cavities to prevent burning are suggested by LIFE
Osmoderma.
However, if a tree is found to be dangerous and needs to be cut down, it is recommended
that an invertebrate expert participates in this process so that individuals of protected
invertebrates that occur in the trunk of the tree can be moved to another suitable place.
• Measures for trees protection from damages of beavers.
A significant part of the trees inhabited by hermit beetles are located near
watercourses and waterbodies, where beavers can damage them. In such areas, it is
necessary to implement measures to protect trees from beavers damages.
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Figure 25. Beaver gnawed O. barnabita inhabited lindens near Raķupe river in the nature
reserve “Raķupes ieleja” (Photo: U. Valainis)

Fortunately, there are ways to protect selected trees without destroying the beavers
and their wetland ecosystem. Most of the following tree protection techniques are
inexpensive, reliable, and relatively easy for nearly any person to do in a short period
of time. Individual trees can be spared from beaver gnawing by placing wire
cylinders around the base of their trunks (fig. 25). Afterwards trees should be
regularly inspected if the tree trunk did not grow too wide for the cylinder.
Fencing can also help protect trees from beaver damage. This works especially well
for smaller areas. To deal with uneven terrain or for a more aesthetic look, some
people have reported good results using an electrified fences. The electric fence is
less noticeable than a large fence enclosure, which is suitable aesthetically for areas
with high visual value. However, an electric fence needs to be inspected periodically
to ensure that a tree branch does not fall on it and short it out.

REFERENCES
1.

Alexander KNA (2008) Tree biology and saproxylic Coleoptera: issues of definitions
and conservation language. Rev E´ col (Terre Vie) 63: 1–5.

2.

Antonsson K, Jansson N (1997) Miljö-övervakning av eklandskapen i Östergötland.
Länsstyrelsen Östergötland.Antonsson, K, & Wadstein, M. (1991). Eklandskapeten
naturinventering av hagar och lövskogar i eklandskapet S. om Linköping.
Länsstyrelsen Östergötland.

36

3.

Antonsson K (2002) The Hermit Beetle (Osmoderma eremita). Ecology and Habitat
Management. Swedish Environmental Protection Agency. Berlings Skogs,
Trelleborg: 1-26.

4.

Audisio P, Brustel H, Carpaneto GM, Coletti G, Mancini E, Piatella E, Trizzino M,
Dutto M, Antonini G, De Biase A (2007) Updating the taxonomy and distribution of
the European Osmoderma, and strategies for their conservation. Fragmenta
entomologica Roma 39: 73–290. https://doi.org/10.4081/fe.2007.124

5.

Audisio P, Brustel H, Carpaneto GM, Coletti G, Mancini E, Trizzino M, Antonini G,
Biase A (2008) Data on molecular taxonomy and genetic diversification of the
European Hermit beetles, a species complex of endangered insects (Coleoptera:
Scarabaeidae, Cetoniinae, Osmoderma) Journal of Zoological Systematics and
Evolutionary
Research
47:
88–95.
https://doi.org/10.1111/j.14390469.2008.00475.x

6.

Audisio P, Brustel H, Carpaneto GM, Coletti G, Mancini E, Trizzino M, Antonini G,
De Biase A (2009) Data on molecular taxonomy and genetic diversification of the
European Hermit beetles, a species-complex of endangered insects (Coleoptera:
Scarabaeidae, Cetoniinae, Osmoderma). Journal of Zoological Systematics and
Evolutionary
Research
47:
88–95.
https://doi.org/10.1111/j.14390469.2008.00475.x

7.

Bāra J, Nitcis M, Lārmanis V, Valainis U (2015) Parkveida pļavu un ganību
aizsardzības plāns. Daugavpils, Daugavpils Universitātes Dzīvības zinātņu un
tehnoloģiju institūts, 86 lpp.

8.

Bengtsson V, Hedin J, Niklasson M (2012) Veteranisation of oak – managing trees
to speed up habitat production. Trees beyond the wood conference proceedings,
September 2012.

9.

Bergman KO, Jansson N, Claesson K, Palmer M, Milberg P (2012) How much and
at what scale? Multiscale analyses as decision support for conservation of saproxylic
oak beetles. Forest Ecology and Management 265 (2012) 133–141.

10.

Breckheimer I, Haddad NM, Morris WF, Trainor AM, Fields WR, Jobe RT, Hudgens
BR, Moddy A, Walters JR (2014) Defining and Evaluating the Umbrella Species
Concept for Conserving and Restoring Landscape Connectivity. Conservation
Biology: 1–10. https://doi.org/10.1111/cobi.12362

11.

Butler J, Rose F, Green T (2001) Ancient trees, icons of our most important wooded
landscapes in Europe. In: Read H, Forfang AS, Marciau R, Paltto H, Andersson L,
Tardy B (Eds) Tools for Preserving Woodland Biodiversity, Textbook 2, Nanonex,
programme September 2001, Leonardo da Vinci, Sweden, pp. 28–31.

12.

Carpaneto GM, Mazziotta A, Coletti G, Luiselli L, Audisio P (2010) Conflict
between insect conservation and public safety: the case study of a saproxylic beetle
(Osmoderma eremita) in urban parks. Journal of Insect Conservation 14: 555–565.
https://doi.org/10.1007/ s10841-010-9283-5

37

13.

Carpaneto GM, Baviera C, Biscaccianti AB, Brandmayr P, Mazzei A, Mason F,
Battistoni A, Teofili C, Rondinini C, Fattorini S, Audisio P (2015) A Red List of
Italian Saproxylic Beetles: taxonomic overview, ecological features and conservation
issues (Coleoptera). Fragmenta entomologica 47: 53–126.

14.

Caro TM, & Girling S (2010) Conservation by proxy: indicator, umbrella, keystone,
flagship, and other surrogate species. Washington, DC: Island Press.

15.

Chiari S, Carpaneto GM, Zauli A, Marini L, Audisio P, Ranius T (2012) Habitat of
an endangered saproxylic beetle, Osmoderma eremita, in Mediterranean woodlands.
Ecoscience 19: 299–307. https://doi.org/10.2980/19-4-3505

16.

Dajoz R (2000) Insects and forests. The role and diversity of insects in the forest
environment. Intercept, Londres.

17.

Dubois G, Vignon V (2008) First results on radio-tracking of Hermit beetle,
Osmoderma eremita (Coleoptera: Cetoniidae) in chestnut orchards of the northwest
of France. Revue d’E´cologie (Terre Vie) 63: 123–130.

18.

Dubois GF, Vignon V, Delettre YR, Rantier Y, Vernon P, Burel F (2009) Factors
affecting the occurrence of the endangered saproxylic beetle Osmoderma eremita
(Scopoli, 1763) (Coleoptera: Cetoniidae) in an agricultural landscape. Landscape and
urban Planning 91: 152–159. https://doi.org/10.1016/j.landurbplan.2008.12.009

19.

Forbes V & Clarke A (2000) Bridging the Generation Gap. Enact 8 (3): pp. 7–9.

20.

Fleming CH, and Calabrese JM (2017) A new kernel density estimator for accurate
home range and species‐range area estimation. Methods in Ecology and Evolution 8:
571–579. https://doi.org/10.1111/2041-210X.12673

21.

Green EE (1996) Thoughts on pollarding. In: Read, H.J. (Ed.) Pollard and veteran
tree management II; City of London, 1–5.

22.

García-Feced C, Saura S, Elena-Rosselló R (2011) Improving landscape connectivity
in forest districts: a two-stage process for prioritizing agricultural patches for
reforestation. Forest Ecol. Manag. 261 (1): pp. 154.

23.

Gonzalez A, Thompson P, Loreau M (2017) Spatial ecological networks: planning
for sustainability in the long-term. Current Opinion in Environmental Sustainability,
29: 187–197. https://doi.org/10.1016/j.landurbplan.2015.04.010

24.

Hedin J, Ranius T, Nilsson G, Smith G (2008) Restricted dispersal in a flying beetle
assessed by telemetry. Biodiversity and Conservation 17: 675–684.

25.

Hoaglin DC and Iglewicz B (1987) Fine tuning some resistant rules for labeling.
Journal of american statistical association. 82, 1147–1149.

26.

Horak J (2017) Insect ecology and veteran trees. J Insect Conserv 21: 1–5.

38

27.

Ignatieva M, Stewart GH, Meurk C (2011) Planning and design of ecological
networks in urban areas. Landsc. Ecol. Eng. 7 (1): 17–25.

28.

Jansson, N., Ranius, T., Larsson, A., Milberg P. (2009) Boxes mimicking tree
hollows can help conservation of saproxylic beetles. Biodiversity and Conservation
18(14):3891-3908.

29.

Kadej M, Zając K, Smolis A, Tarnawski D, Malkiewicz A (2016) Isolation from
forest habitats reduces chances of the presence of Osmoderma eremita sensu lato
(Coleoptera, Scarabaeidae) in rural avenues. Journal of Insect Conservation 20: 395–
406. https://doi.org/10. 1007/ s10841-016-9873-y

30.

Kalniņš M (2014) Priekšlikumi NATURA 2000 teritoriju dibināšanai lapkoku
praulgrauža Osmoderma eremita (=barnabita) aizsardzībai. Biedrība “Zaļā upe”,
Sigulda: 23.

31.

Landvik M, Niemelä P, Roslin T (2016a) Opportunistic habitat use by Osmoderma
barnabita (Coleoptera: Scarabaeidae), a saproxylic beetle dependent on tree cavities.
Insect Conservation and Diversity 9: 38–48. https://doi.org/10.1111/icad.12141

32.

Landvik M, Niemelä P, Roslin T (2016b) Mother knows the best mould: an essential
role for non-wood dietary components in the life cycle of a saproxylic scarab beetle.
Oecologia 182: 163–175. https://doi.org/10.1007/s00442-016-3661-y

33.

Li P, Lv Y, Zhang C, Yun W, Yang J, & Zhu D (2016) Analysis and Planning of
Ecological Networks Based on Kernel Density Estimations for the Beijing-TianjinHebei
Region
in
Northern
China.
Sustainability,
8
(11),
1094. doi:10.3390/su8111094

34.

Lonsdale D (2013) Ancient and other veteran trees: further guidance on management.
London, The Ancient Tree Forum. https://ancienttreeforum.co.uk/wpcontent/uploads/2015/02/ATF_book.pdf. Accessed 21 April 2020

35.

Maurizi E, Campanaro A, Chiari S, Maura M, Mosconi F, Sabatelli S, Zauli A,
Audisio P, Carpaneto GM (2017) Guidelines for the monitoring of Osmoderma
eremita and closely related species. In: Carpaneto GM, Audisio P, Bologna MA,
Roversi PF, Mason F (Eds) Guidelines for the Monitoring of the Saproxylic Beetles
protected
in
Europe.
Nature
Conservation
20:
79–128.
https://doi.org/10.3897/natureconservation.20.12658

36.

Micó E (2018) Saproxylic Insects in Tree Hollows. In: Ulyshen MD (ed) Saproxylic
insects. Zoological Monographs, Vol 1. Springer Cham, pp. 693–
727. doi:10.1007/978-3-319-75937-1_21

37.

Miklín J, Čížek L (2014) Erasing a European biodiversity hot-spot: open woodlands,
veteran trees and mature forests succumb to forestry intensification, succession, and
logging in a UNESCO Biosphere Reserve. J Nat Conserv 22: 35–41.

39

38.

Miklós L, Diviaková A, Izakovičová Z (2019) Ecological Networks and Territorial
Systems of Ecological Stability. Springer International Publishing AG: pp. 160.
https://doi.org/10.1007/978-3-319-94018-2

39.

Mossman HL, Panter CJ, Dolman PM (2015) Modelling biodiversity distribution in
agricultural landscapes to support ecological network planning. Landsc. Urban Plan.
141, 59–67. https://doi.org/10.1016/j.landurbplan.2015.04.010

40.

Müller J, Bütler R (2010) A review of habitat threshold for dead wood: a baseline for
management recommendations in European forests. Eur J For Res 129: 981–992.

41.

Müller J, Jarzabek-Müller A, Bussler H, Gossner MM (2014) Hollow beech trees
identified as keystone structures for saproxylic beetles by analyses of functional and
phylogenetic diversity. Anim Conserv 17: 154–162.

42.

Nieto A, Alexander KNA (2010) European Red List of Saproxylic Beetles. IUCN
(International Union for Conservation of Nature), Gland, Switzerland with the
European Union, Publications Office of the European Union, Luxembourg.

43.

Nilsson SG, Baranowski R (1997) Habitat predictability and the occurrence of wood
beetles in old-growth beech forests. Ecography 20: 491–498.

44.

Oleksa A, Gawroński R (2006) Forest insects in an agricultural landscape—presence
of old trees is more important than the existence of nearby forest. Ecol Quest 7: 29–
36.

45.

Oleksa A, Chybicki IJ, Gawronski R, Svensson GP, Burczyk J (2013) Isolation by
distance in saproxylic beetles may increase with niche specialization. Journal of
Insect Conservation 17: 219–233.

46.

Pryke JS, Samways MJ (2012) Ecological networks act as extensions of protected
areas for arthropod biodiversity conservation. J. Appl. Ecol. 49 (3). doi:
10.1111/j.1365-2664.2012.02142.x

47.

Ranius T, Nilsson SG (1997) Habitat of Osmoderma eremita Scop. (Coleoptera:
Scarabaeidae), a beetle living in hollow trees. Journal of Insect Conservation 1: 193–
204. https://doi. org/10.1023/A:1018416000766

48.

Ranius T, Jansson N (2000) The influence of forest regrowth, original canopy cover
and tree size on saproxylic beetles associated with old oaks. Biological Conservation
95: 85–94.

49.

Ranius T, Hedin J (2001) The dispersal rate of a beetle, Osmoderma eremita, living
in tree hollows. Oecologia 126: 363–370.

50.

Ranius T (2002a) Osmoderma eremita as an indicator of species richness of beetles
in
tree
hollows. Biodiversity
and
Conservation 11: 931–941.
https://doi.org/10.1023/A:1015364020043

40

51.

Ranius T (2002b) Population ecology and conservation of beetles and
pseudoscorpions living in hollow oaks in Sweden. Animal Biodiversity and
Conservation 25: 53–68.

52.

Ranius T, Aguado LO, Antonsson K, Audisio P, Ballerio A, Carpaneto GM, Chobot
K, Gjurašin B, Hanssen O, Huijbregts H, Lakatos F, Martin O, Neculiseanu Z,
Nikitsky NB, Paill W, Pirnat A, Rizun V, Ruicanescu A, Stegner J, Süda I, Szwalko
P, Tamutis V, Telnov D, Tsinkevich V, Versteirt V, Vignon V, Vögeli M, Zach P
(2005) Osmoderma eremita (Coleoptera, Scarabaeidae, Cetoniinae) in Europe.
Animal Biodiversity and Conservation 28: 1–44.

53.

Ranius T, Niklasson M, Berg N (2009a) Development of tree hollows in pedunculate
oak (Quercus robur). For Ecol Manag 257: 303–310.

54.

Ranius T, Svensson GP, Berg N, Niklasson M, Larsson MC (2009b) The
successional change of hollow oaks affects their suitability for an inhabiting beetle,
Osmoderma eremita. Ann Zool Fenn 46: 205–216.

55.

Ranius T, Svensson GP, Berg N, Niklasson M, Larsson MC (2009c) The successional
change of hollow oaks affects their suitability for an inhabiting beetle, Osmoderma
eremita.
Annales
Zoologici
Fennici
46:
205–216.
https://doi.org/10.5735/086.046.0305

56.

Rayfield B, Fortin MK, Fall A (2011) Connectivity for conservation: A framework
to classify network measures. Ecology, 92(4): pp. 847.

57.

Read H (2000) Veteran Trees: A Guide to Good Management. English Nature,
Peterborough, UK.

58.

Roberge JM, Angelstam P (2004) Usefulness of the Umbrella Species Concept as a
Conservation Tool. Conservation Biology 18, 1: 76–85.

59.

Rose F (1991) The importance of old trees, including pollards, for lichen and
bryophyte epiphytes. In: Read, H. J., ed. Pollard and veteran tree management.
Corporation of London.

60.

Sebek P, Cizek L, Hauck D, Schlaghamersky J (2012) Saproxylic beetles in an
isolated pollard willow stand and their association with Osmoderma barnabita
(Coleoptera: Scarabaeidae). In: Jurc M (Ed.) Saproxylic beetles in Europe:
monitoring, biology and conservation. Studia Forestalia Slovenica, Ljubljana, 67–72.

61.

Sebek P, Altman J, Platek M, Cizek L (2013) Is active management the key to the
conservation of saproxylic biodiversity? Pollarding promotes the formation of tree
hollows. PLoS One 8(3):e60456. doi:10.1371/journal.pone.0060456

62.

Siitonen J (2012) Microhabitats. In: Stokland J, Siitonen J, Jonsson BG (eds)
Biodiversity in dead wood. Cambridge University Press, Cambridge, pp. 150–182.

41

63.

Siitonen J, Ranius T (2015) The Importance of Veteran Trees for Saproxylic Insects.
In: Kirby KJ, Watkins C (ed) Europe’s Changing Woods and Forests From
Wildwood to Managed Landscapes. CABI Publishing, pp. 140 – 150.

64.

Stokland JN (2012) Host-tree associations. In: Stokland J, Siitonen J, Jonsson BG
(eds) Biodiversity in Dead Wood, 1st edn. Cambridge University Press, Cambridge,
UK, pp. 82–109. https://doi.org/10.1017/CBO9781139025843

65.

Stokland JN, Siitonen J (2012) Mortality factors and decay succession. In Stokland
J, Siitonen J, Jonsson BG (eds) Biodiversity in Dead Wood, 1st edn. Cambridge
University
Press,
Cambridge,
UK,
pp.
110–149.
https://doi.org/10.1017/CBO9781139025843

66.

Stokland JN, Siitonen J, Jonsson BG (2012) Biodiversity in dead wood. Cambridge
University Press, Cambridge, MA.

67.

Svensson GP, Sahlin U, Brage B, Larsson MC (2011) Should I stay or should I go?
Modelling dispersal distances in a threatened saproxylic beetle, Osmoderma eremita,
based on pheromone capture and radio telemetry. Biodiversity and Conservation 20:
2883–2902.

68.

Šablevičius B (2011) Vabalai [The beetles]. Kaunas, Lithuania, 103.

69.

Tauzin P (2005) Ethology and distribution of the “hermit beetle” in France
(Coleoptera Cetoniidae, Trichiinae, Osmodermatini). Cetoniimania 4: 131–153.

70.

Théau J, Bernier A, Fournier RA (2015) An evaluation framework based on
sustainability-related indicators for the comparison of conceptual approaches for
ecological networks. Ecol. Indic. 52: pp. 444.

71.

Telnov D, Matrozis R (2012) Cultural heritage at the service of nature conservation:
Osmoderma barnabita Motsculsky, 1845 (Coleoptera: Scarabaeidae) migration
corridor in Rīga, Latvia. Latvijas Entomologs, 51: 63-79.

72.

Telnov D, Bukejs A, Gailis J, Kalniņš M, Kirejtshuk AG, Piterāns U, Savich F (2016)
Contributions to the knowledge of Latvian Coleoptera 10. – Latvijas Entomologs 53:
89-121.

73.

Valainis U, Nitcis M, Aksjuta K, Barševskis A, Cibuļskis R, Balalaikins M, Avgin
SS (2015) Results of using pheromone-baited traps for investigations of Osmoderma
barnabita Motschulsky, 1845 (Coleoptera: Scarabaeidae: Cetoniinae) in Latvia.
Baltic J. Coleopterol., 15 (1): 37 – 45.

74.

Vignon V, Asmode J-F, Rapaport P (2004) Heterogeneity of the spatial distribution
of Osmoderma eremita (Scopoli, 1763) populations in a hedgerow network (France,
Normandy). Proceedings of the 3rd Symposium and Workshop on the Conservation
of Saproxylic Beetles (Riga/Latvia, 07–11 July 2004): 109–115.

75.

Zapponi L, Mazza G, Farina A, Fedrigoli L, Mazzocchi F, Roversi PF, Sabbatini
Peverieri G, Mason F (2017) The role of monumental trees for the preservation of
42

saproxylic biodiversity: re-thinking their management in cultural landscapes. In:
Campanaro A, Hardersen S, Sabbatini Peverieri G, Carpaneto GM (Eds) Monitoring
of saproxylic beetles and other insects protected in the European Union. Nature
Conservation 19: 231–243. https://doi.org/10.3897/ natureconservation.19.12464

43

