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Abstract
The Great Capricorn beetle, Cerambyx cerdo, and Mediterranean oak habitats (Quercus ilex – 9340 and 
Quercus suber – 9330) are protected by the Habitats Directive (HD). However, in the Mediterranean basin, 
these habitats are also traditionally used for animal, wood, and cork productions. Cerambyx cerdo feeds into 
the wood of trees and can be perceived by forest practitioners as an umbrella species or as a pest, depending 
on the context. Monitoring programmes involving forest practitioners could thus focus on assessing: 1) the 
conservation status of the Great Capricorn beetle and habitats (distribution and abundance of insects and 
reproductive sites or colonised trees), 2) pest status, and 3) management options to achieve both conser-
vational and economic benefits. Considering that Cerambyx cerdo and Cork and Holm oak forests are not 
priority species or habitats under the HD, targeted funding is likely to be limited for monitoring. In this 
context, citizen science could gather important information on the target species useful for the monitoring 
programmes and management. To address management questions, the citizen science based programme 
for Cerambyx cerdo monitoring and habitat conservation should be seen not only as citizens collecting good 
data sets, but also as a deeper collaboration amongst different knowledge bodies and perspectives within a 
community – based environmental monitoring and learning network.
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Introduction

The Great Capricorn beetle, Cerambyx cerdo, plays a key role in decomposition of 
wood and ecosystem functioning of natural and semi-natural oak forests (Buse et al. 
2008a). When attacked by C. cerdo and other saproxylics, a tree may survive over long 
periods with increasing quantities of dead wood and galleries created by larvae. In this 
long lasting state, the tree represents habitats for other species and C. cerdo is thus 
considered an important ecosystem engineer and umbrella species (Buse et al. 2008a). 
For its key ecological role, the species is strictly protected under the European Union’s 
Council Directive 92/43/EEC (Habitats Directive, HD), which requires mandatory 
monitoring (Article 11). Although the species is still reasonably widely distributed 
(Figure 1), the beetle is now considered “Near Threatened” at European level by the 
IUCN because the population in most of the countries is in significant decline and it is 
dependent upon veteran trees which are also declining in Europe (Horak et al. 2010). 
The species is also assessed at the Mediterranean level as “Least Concern” since it has a 
large geographical range and is abundant in the region, although sub-populations are 
often scattered and there is a low probability that the habitat would recover if destroyed 
in the future (Buse et al. 2016). Major threats for the species are the decline in the 
number of old trees situated in open or semi-open landscapes (Buse et al. 2007, Albert 
et al. 2013), fragmentation and isolation of sub-populations (Buse et al. 2016, but see 
Torres-Vila et al. 2017), changes in habitat and landscape structure such as plantations 
with exotic plants and alteration of grazing regimes (Buse et al. 2016, Oleksa and Kle-
jdysz 2017), and forest sanitary measures (Luce 1997, Horak et al. 2010, Buse et al. 
2016). In fact, Cerambyx spp. are considered serious pests of oak stands in the Mediter-
ranean basin (Martín et al. 2005, Sallé et al. 2014, Torres-Vila et al. 2017), where semi-
natural Holm oak (Quercus ilex) and Cork oak (Quercus suber) forests are traditionally 
exploited for pasture and firewood or cork production respectively (Bergmeier et al. 
2010). Considering that the species has this double interest for Mediterranean forest 
management, mandatory monitoring under the HD perhaps should be aimed at as-
sessing both conservation and pest status of C. cerdo.

Citizen science is the practice of engaging volunteers in a scientific project (Bhattachrjee 
2005, Burgess et al. 2017, McKinley et al. 2017). By simultaneously engaging a large 
number of data collectors, citizen science is providing important information to assess 
the distribution and abundance of protected species (Silvertown 2009, Kosmala et al. 
2016, Zapponi et al. 2017). Such information is fundamental to establish conservation 
priorities and policies (Hochkirch et al. 2013), with the latter also supporting sustainable 
development of socio-ecological systems (Keulartz 2009). However, to bridge the 
gap between knowledge about distribution and abundance of species and practical 
environmental management, it is very important to involve in monitoring those who 
are responsible for hands-on management of ecological resources, i.e. local practitioners 
with their perspectives (Hulme 2011). Indeed, even if citizen scientists are often 
engaged as mere data collectors for large scale monitoring (Lakshminarayanan 2007), 
they can contribute to science in several ways, e.g. by developing scientific questions, 
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analysing data, and evaluating results (Silvertown 2009, McKinley et al. 2017). Within 
this broader view of citizen science, community – based monitoring can be included, 
a process where concerned citizens, government agencies, academia, local institutions 
and other stakeholders collaborate to monitor, track and respond to issues of common 
environmental concern (Conrad and Hilchey 2010), and where local practitioners 
can be involved. In fact, when local practitioners face conservation tasks, they search 
for convincing solutions that can be practically implemented without jeopardising 
community welfare (Horwich and Lyon 2007). For example, limits to sanitary measures 
of productive oak forests could be perceived by local stakeholders with interest in cork 
extraction or wood production as unwarranted regulations that could jeopardise their 
income. Forest practitioners of local authorities could therefore be rather sceptical about 
taking any action to strictly protect species that could also be considered as pests, such 
as C. cerdo. To achieve consensus about conservation goals and their compatibility with 
local community interests, it is therefore important to successfully involve practitioners 
in the learning process of evaluating conservation problems and viable management 
solutions for the socio – ecological system at hand (Nichols and Williams 2006, Conrad 
and Hilchey 2010, Keith et al. 2011, McKinley et al. 2017).

By applying this perspective, the following sections: 1) review management obliga-
tions for Cerambyx cerdo and oaks under the HD, 2) call for the application of a citizen 
science that can strengthen the link between C. cerdo monitoring and management, 
and 3) underline some relevant practitioner’s objectives of C. cerdo monitoring within 

Figure 1. Distribution map of Cerambyx cerdo based on data from the IUCN (background map from 
Stamen Design, OpenStreetMap).
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adaptive management (Nichols and Williams 2006). Overall, there is a gap between 
available knowledge about C. cerdo and information needed to manage Mediterranean 
oak habitats. This gap could be filled by involving practitioners in evaluating conser-
vation or pest status of the species, as well as viable management options to achieve 
conservation and sustainable development goals.

Managing Cerambyx cerdo and Mediterranean oaks under the Habitats 
Directive

The Cerambyx cerdo is listed as a non priority species in annexes II and IV of the HD. 
That is, core areas of C. cerdo habitats are designated as Sites of Community Importance 
(SCIs) and included in the Natura 2000 network which must be managed to maintain 
or restore favourable conservation status of the species (Epstein et al. 2016) (Annex II). 
Additionally, a strict protection regime must be applied across the entire natural range 
of C. cerdo within the European Union, both within and outside Natura 2000 sites 
(Annex IV). In practice, within the whole territory of the European Union, the beetle 
cannot be deliberately killed, captured or disturbed, and its breeding or resting sites 
(trees colonised by C. cerdo) cannot be deteriorated or destroyed (HD, Article 12, see 
Table 1). This strict protection regime can create conflicts when there is an economic 
interest in oaks and stakeholders may wish to cut down trees or branches colonised by 
C. cerdo to protect woodlands (Buse et al. 2016). However, the significance of the pest 
status of the protected C. cerdo should be carefully assessed and disentangled from that 
of similar species such as C. scopolii and C. welensii which are not protected under the 
HD and can be associated with C. cerdo (Buse et al. 2008b, 2016, Torres-Vila et al. 
2017, Wang 2017). It is thus very important to assess whether and in which conditions 
C. cerdo can be a serious pest for oak woodlands. Indeed, Article 2 of the HD states 
that economic issues and local context should be taken into account, while Article 16 
allows derogation to restrictions of Article 12 if a risk of damage to forests is shown.

Holm oak and Cork oak forests are protected habitats (HD, Annex I, habitats 
9340 and 9330 respectively and habitat 6310 for dehesas with evergreen Quercus 
species). That is, core areas of habitats are designated as SCIs and included in the 
Natura 2000 network which must be managed to maintain habitats in favourable 
conservation status (Epstein et al. 2016). To achieve this, the specific structure and 
functions necessary for long-term persistence of habitats must be maintained and 
the conservation status of typical species must be favourable (Article 1e, see Table 1). 
When necessary, land-use planning and development policies should encourage the 
management of features of the landscape which are of major importance for biodi-
versity (Article 10). Therefore, forest management of SCIs should aim at maintain-
ing or restoring the typical biological diversity associated with habitat structure and 
functions, with appropriate management plans (Article 6). How habitat structure 
and associated saproxylic beetle communities should be maintained or restored is a 
challenging question (Vodka et al. 2008, Sebek et al. 2013, 2015), with particular 
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Table 1. Obligations arising from the Habitats Directive for the conservation of animal species and 
habitats.

Article Text (English version, only relevant parts) Obligations
1 e) The conservation status of a natural habitat will be taken as 

“favourable” when:
- its natural range and areas it covers within that range are stable or 
increasing and
- the specific structure and functions which are necessary for its 
long-term maintenance exist and are likely to continue to exist for 
the foreseeable future and
- the conservation status of its typical species is favourable as 
defined in (i);
i) The conservation status will be taken as “favourable” when:
- population dynamics data on the species concerned indicate that 
it is maintaining itself on a long-term basis as a viable component 
of its natural habitats and
- the natural range of the species is neither being reduced nor is 
likely to be reduced for the foreseeable future and
- there is, and will probably continue to be, a sufficiently large 
habitat to maintain its populations on a long-term basis; 

Define favourable 
conservation status (FCS) 
for each listed species and 
habitat.

2 1. The aim of this Directive shall be to contribute towards ensuring 
biodiversity through the conservation of natural habitats and of 
wild fauna and flora in the European territory of the Member States 
to which the Treaty applies.
2. Measures taken pursuant to this Directive shall be designed 
to maintain or restore, at favourable conservation status, natural 
habitats and species of wild fauna and flora of Community interest.
3. Measures taken pursuant to this Directive shall take account of 
economic, social and cultural requirements and regional and local 
characteristics.

Take appropriate measures 
to maintain or restore species 
and habitats at FCS.
Consider economic, social 
and cultural issues, and local 
context.

3 1. A coherent European ecological network of special areas of 
conservation shall be set up under the title Natura 2000. This 
network, composed of sites hosting the natural habitat types listed 
in Annex I and habitats of the species listed in Annex II, shall 
enable the natural habitat types and the species’ habitats concerned 
to be maintained or, where appropriate, restored at a favourable 
conservation status in their natural range.

Identify a suitable Natura 
2000 network for the 
conservation of habitats listed 
in annex I and species listed 
in annex II.

6 1. For special areas of conservation, Member States shall establish 
the necessary conservation measures involving, if need be, 
appropriate management plans specifically designed for the sites or 
integrated into other development plans and appropriate statutory, 
administrative or contractual measures which correspond to the 
ecological requirements of the natural habitat types in Annex I and 
the species in Annex II present on the sites. 

Develop conservation 
measures and, if necessary, 
appropriated management 
plans for species and habitats. 

10 Member States shall endeavour, where they consider it necessary, in 
their land-use planning and development policies and, in particular, 
with a view to improving the ecological coherence of the Natura 
2000 network, to encourage the management of features of the 
landscape which are of major importance for wild fauna and flora.
Such features are those which, by virtue of their linear and 
continuous structure (such as rivers with their banks or the 
traditional systems for marking field boundaries) or their function 
as stepping stones (such as ponds or small woods), are essential for 
the migration, dispersal and genetic exchange of wild species.

If necessary, develop 
plans and policies for the 
conservation of landscape 
features important for species.
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Article Text (English version, only relevant parts) Obligations
11 Member States shall undertake surveillance of the conservation 

status of the natural habitats and species referred to in Article 2 
with particular regard to priority natural habitat types and priority 
species.

Do monitoring, particularly 
on priority species or habitats.

12 1. Member States shall take the requisite measures to establish a 
system of strict protection for the animal species listed in Annex IV 
(a) in their natural range, prohibiting:
(a) all forms of deliberate capture or killing of specimens of these 
species in the wild;
(b) deliberate disturbance of these species, particularly during the 
period of breeding, rearing, hibernation and migration;
(c) deliberate destruction or taking of eggs from the wild;
(d) deterioration or destruction of breeding sites or resting places.

Take measures to strictly 
protect animal species listed 
in Annex IV. 

16 1. Provided that there is no satisfactory alternative and the 
derogation is not detrimental to the maintenance of the populations 
of the species concerned at a favourable conservation status in their 
natural range, Member States may derogate from the provisions of 
Articles 12 ... :
a) in the interest of protecting wild fauna and flora and conserving 
natural habitats;
b) to prevent serious damage, in particular to crops, livestock, 
forests, fisheries and water and other types of property. 

Ask derogations to protect 
habitats and avoid serious 
damage to forests, provided 
FCS of the species is 
maintained. 

reference to the Mediterranean basin which has high and poorly known levels of di-
versity and endemism (Baselga 2008).

The long lasting association of C. cerdo with old and decaying trees (Buse et al. 2007, 
2008a) suggests that trees colonised by C. cerdo represent keystone structures (Tews et 
al. 2004) to maintain saproxylic diversity and functions associated with Mediterranean 
protected oak habitats (Sirami et al. 2008). Due to past forest exploitation, old growth 
forests are rare in the Mediterranean basin (Blondel and Aronson 1999, Scarascia-Mug-
nozza et al. 2000), suggesting the need of delimiting non-intervention areas within the 
Natura 2000 network to "re-wilding" landscapes (Schnitzler 2014). However, in central 
European countries, the C. cerdo and other saproxylic beetles have been found to be 
associated with sun-exposed wood located near ground (Buse et al. 2007, Albert et al. 
2013, Oleksa and Klejdysz 2017) and could benefit from the restoration of traditional 
management practices such as coppice with standards or woodland pastures (Buse et 
al. 2007, Vodka et al. 2008). Retention forestry is also emerging as a practical way to 
harvest forest and maintain or restore old-growth features of landscapes (Fedrowitz et al. 
2014, Mason and Zapponi 2015). Management options to protect C. cerdo and related 
habitat structures and functions range therefore from strict protection of old growth 
forests, to conservation of habitat trees over managed landscapes, and to forest harvest-
ing coupled with grazing and retention (Sirami et al. 2008, Vodka et al. 2008, Sebek 
et al. 2013, 2015, Fedrowitz et al. 2014, Mason and Zapponi 2015). Traditional forest 
management practices are thus seen as potential conservation tools to protect saproxylic 
communities (Buse et al. 2007, Vodka et al. 2008), as well as sustainable and viable pro-
duction systems (Scarascia-Mugnozza et al. 2000, Sjölund and Jump 2013).
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In practice, forest management or conservation bodies face a mandatory task to 
monitor through space and time a long and incomplete list of species and habitats 
(Hochkirch et al. 2013), to assess a rather context-dependent favourable conserva-
tion status (Epstein et al. 2016), as well as to test management options available to 
maintain or restore such favourable conditions and achieve sustainable development 
(Keulartz 2009). Giving this overwhelming task, conservation institutions are forced 
to focus on priorities (Hochkirch et al. 2013) which implies that important funding 
explicitly targeted at non-priority species and habitats such as C. cerdo, Holm oak and 
Cork oak woodlands are rather unlikely (see Article 11, HD). Within these challenges 
and constraints, citizen science has great potential to do most of the required tasks 
in conservation science, natural resource management, and environmental protection 
(McKinley et al. 2017).

Citizen science and Cerambyx cerdo management

It has been shown several times that knowledge coming from non-professionals, either 
called citizen science (Silvertown 2009, Conrad and Hilchey 2010, Kosmala et al. 
2016, Burgess et al. 2017, Casula et al. 2017, McKinley et al. 2017, Zapponi et al. 
2017) or local ecological knowledge (Anadón et al. 2009, Irvine et al. 2009, Angelstam 
et al. 2011, Vignoli et al. 2016) can be a reliable source of information for species con-
servation and management. Nevertheless, many studies involving non-professionals 
still emphasise the role of citizens as data collectors (Silvertown 2009, Kosmala et al. 
2016, Zapponi et al. 2017), while from the social fields there have been calls to move 
away from using citizens on unequal terms and towards treating citizens as scientists to 
create learning networks with real transformative potential (Lakshminarayanan 2007, 
Feyerabend 2011, Bela et al. 2016) to achieve conservation goals (Conrad and Hilchey 
2010, McKinley et al. 2017).

In other words, citizen science programmes to assess distribution and abundance 
of C. cerdo and other saproxylics can certainly take advantage of involving many citizen 
scientists as data collectors (Zapponi et al. 2017). Nevertheless, if a consensus about 
what to do to protect or manage the species is sought, more focus should be put on 
community-based environmental monitoring, with the involvement of practitioners to 
establish objectives, methods and interpret results. In the long term, such an approach 
is more likely to affect decisions made by the practitioners themselves who are respon-
sible for the management of local natural resources in the face of multiple objectives 
and uncertainty (Conrad and Hilchey 2010, Keith et al. 2011, McKinley et al. 2017). 
Indeed, from a management perspective, monitoring for conservation is viewed as an 
essential element of the adaptive cycle of informed decision-making which includes 
objectives, potential management actions, models of system response to management 
actions, with consequent monitoring of relevant state variables (Nichols and Williams 
2006, Keith et al. 2011). That is, counting beetles for conservation can practically af-
fect conservation decisions if relevant information about management options can be 
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gathered. For example, if C. cerdo is found to be rare in given management scenarios 
(e.g. coppices without retention or conversion to high forest), abundant in others (e.g. 
coppice with retention or unmanaged old growth forests) and at damaging levels in 
productive landscapes (e.g. dehesas with Cork oak), forest practitioners or policy mak-
ers can link monitoring results to the best management options available to maintain 
the species in favourable conservation status at national level without jeopardising lo-
cal community welfare. From a practitioner’s point of view, it is very important that 
monitoring objectives for C. cerdo are framed within a real management perspective.

Practitioner’s objectives for Cerambyx cerdo monitoring

Recent efforts in developing standard monitoring protocols for saproxylic beetles fo-
cused on applications of advanced statistical tools to address issues of insect detectabil-
ity and to provide reliable estimates of distribution and abundance that can be com-
pared across large spatial scales (Chiari et al. 2013b, 2013a, Campanaro et al. 2016, 
Redolfi De Zan et al. 2017). Several sampling methods have been applied to study C. 
cerdo populations, including visual censuses of adult exit holes to assess microhabitat 
requirements (Buse et al. 2007, Regnery et al. 2013, Albert et al. 2013, Oleksa and 
Klejdysz 2017), comparison of evening transects, night surveys of trunks, pitfall and 
bait traps for distribution and population monitoring of adult beetles in a Natura 2000 
network (Vrezec et al. 2012) and bait traps to estimate dispersal in a Mediterranean 
woodland pasture (Torres-Vila et al. 2017). Most of the available studies come from 
central Europe and focus on microhabitat selection in open landscapes, as summarized 
in Table 2. Although it is very rare to find Mediterranean habitats without some tra-
ditional land use system (Blondel and Aronson 1999, Scarascia-Mugnozza et al. 2000, 
Bergmeier et al. 2010), there is very little information about the association of C. cerdo 
with habitats differing in management history (but see Regnery et al. 2013).

Information about the effect of different management histories on C. cerdo popula-
tions and habitat structure (e.g. number and quality of colonised trees) is very important 
as even the most reliable estimates of distribution and abundance of species cannot be 
translated into action if an explanation about the underlying process (e.g. why a trend is 
negative) is not available (Nichols and Williams 2006). For example, given the assumed 
preference of the beetle for lower parts of sun-exposed trunks (Buse et al. 2007, Albert 
et al. 2013, Oleksa and Klejdysz 2017), is the abandonment of traditional management, 
based on coppice with standards or open woodland pastures, underlying the decline of 
C. cerdo and associated saproxylic communities (Vodka et al. 2008, Sebek et al. 2015)? 
However, given that C. cerdo has been extensively studied in open woodlands of central 
Europe (Buse et al. 2007, Albert et al. 2013, Oleksa and Klejdysz 2017), does the strong 
association with lower parts of sun-exposed trunks hold in other ecological contexts? 
Indeed, detailed habitat preference in the Mediterranean region is largely unknown and 
may differ from the preference observed in central Europe (Buse et al. 2016). Addition-
ally, C. cerdo colonisations have been observed in northern Italy mostly in the upper 
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part of the canopy of dense forests (Redolfi De Zan et al. 2017). This fact would suggest 
that C. cerdo conservation could be as well achieved by delimiting non-intervention 
areas to maintain or restore structure and function of forests, as requested by the HD 
to maintain favourable conservation status of natural habitats and typical species. Last, 
but not least, are sanitary measures for trees colonised by C. cerdo needed in productive 
Mediterranean landscapes such as woodland pastures and do the species in Annex IV 
really need listing? In other words, microhabitat association and eventual pest status of 
the species should be more extensively studied in widespread Mediterranean habitats 
such as Holm oak or Cork oak woodland pastures, coppice with retention and open or 
closed old growth forests, so that conservation practices of C. cerdo and sustainable use 
of associated habitats could be based on sound knowledge about the socio-ecological 
system at hand (Horwich and Lyon 2007, Keulartz 2009).

Conclusion

Scientific questions arising from the practitioner’s perspective may differ from those 
arising from professional scientists or amateur naturalists and these are more related 
to the need to understand which management decisions will result in societal benefits 
from the development and conservation perspectives. This is an open question in Eu-
ropean oak woodlands dominated by Quercus species, where C. cerdo is considered 
by many forest practitioners as a serious pest (Sallé et al. 2014), even if it might be 
confused with other Cerambyx spp. known to attack healthy trees in managed forest 
systems (Torres-Vila et al. 2017, Wang 2017). To address these issues, the citizen sci-
ence paradigm for C. cerdo monitoring and habitat management should be seen not 
only as citizens collecting good data sets, but as a deeper collaboration amongst dif-
ferent knowledge bodies and perspectives, within a community based environmental 
monitoring and learning network.

Table 2. Main studies on biology, conservation, and management of Cerambyx cerdo in Europe.

Topic Reference Country Main tree / Habitat type
Pest status Martin et al. 2005 Spain Quercus suber / Woodland 
Microhabitat selection and 
spatial distribution Buse et al. 2007 Germany Quercus robur / Woodland pasture

Role as ecosystem engineer Buse et al. 2008a Germany Quercus robur / Woodland pasture

Microhabitat selection Albert et al. 2012 Czech 
Republic Quercus robur / Woodland pasture

Comparison of sampling 
methods for distribution and 
population monitoring

Vrezec et al. 2012 Slovenia Unknown

Microhabitat selection Regnery et al. 2013 France Quercus ilex / Woodland
Dispersal Torres Vila et al. 2016 Spain Quercus ilex / Woodland pasture
Microhabitat selection and 
exotic plants Oleksa & Klejdysz 2017 Poland Quercus robur / Woodland pasture



Paolo Casula  /  Nature Conservation 19: 97–110 (2017)106

Acknowledgments

Many thanks to Alessandro Campanaro and Lara Redolfi De Zan for their kind invita-
tion to the MIPP workshop, Sergio Fantini for help with Figure 1 and two anonymous 
reviewers for constructive comments.

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

References

Albert J, Platek M, Cizek L (2013) Vertical stratification and microhabitat selection by the Great 
Capricorn Beetle (Cerambyx cerdo) (Coleoptera: Cerambycidae) in open-grown, veteran oaks. 
European Journal of Entomology 109: 553–559. https://doi.org/10.14411/eje.2012.069

Anadón JD, Giménez A, Ballestar R, Pérez I (2009) Evaluation of local ecological knowledge 
as a method for collecting extensive data on animal abundance. Conservation Biology 23: 
617–625. https://doi.org/10.1111/j.1523-1739.2008.01145.x

Angelstam P, Axelsson R, Elbakidze M, Laestadius L, Lazdinis M, Nordberg M, Pătru-Stupariu 
I, Smith M (2011) Knowledge production and learning for sustainable forest manage-
ment on the ground: Pan-European landscapes as a time machine. Forestry 84: 581–596. 
https://doi.org/10.1093/forestry/cpr048

Baselga A (2008) Determinants of species richness, endemism and turnover in European long-
horn beetles. Ecography 31: 263–271. https://doi.org/10.1111/j.0906-7590.2008.5335.x

Bela G, Peltola T, Young JC, Balázs B, Arpin I, Pataki G, Hauck J, Kelemen E, Kopperoinen 
L, Van Herzele A, Keune H, Hecker S, Suškevičs M, Roy HE, Itkonen P, Külvik M, László 
M, Basnou C, Pino J, Bonn A (2016) Learning and the transformative potential of citizen 
science. Conservation Biology 30: 990–999. https://doi.org/10.1111/cobi.12762

Bergmeier E, Petermann J, Schröder E (2010) Geobotanical survey of wood-pasture habitats 
in Europe: diversity, threats and conservation. Biodiversity Conservation 19: 2995–3014. 
https://doi.org/10.1007/s10531-010-9872-3

Bhattachrjee Y (2005) Citizen scientists supplement work of Cornell researchers. Science 308: 
1402–1403. https://doi.org/10.1126/science.308.5727.1402

Blondel J, Aronson J (1999) Biology and Wildlife of the Mediterranean Region. Oxford Uni-
versity Press, New York, 352 pp.

Burgess HK, DeBey LB, Froehlich HE, Schmidt N, Theobald EJ, Ettinger AK, HilleRisLam-
bers J, Tewksbury J, Parrish JK (2017) The science of citizen science: exploring barriers 
to use as a primary research tool. Biological Conservation 208: 113-120. https://doi.
org/10.1016/j.biocon.2016.05.014

Buse J, Schröder B, Assmann T (2007) Modelling habitat and spatial distribution of an endan-
gered longhorn beetle – A case study for saproxylic insect conservation. Biological Conser-
vation 137: 372–381. https://doi.org/10.1016/j.biocon.2007.02.025

https://doi.org/10.14411/eje.2012.069
https://doi.org/10.1111/j.1523-1739.2008.01145.x
https://doi.org/10.1093/forestry/cpr048
https://doi.org/10.1111/j.0906-7590.2008.5335.x
https://doi.org/10.1111/cobi.12762
https://doi.org/10.1007/s10531-010-9872-3
https://doi.org/10.1126/science.308.5727.1402
https://doi.org/10.1016/j.biocon.2016.05.014
https://doi.org/10.1016/j.biocon.2016.05.014
https://doi.org/10.1016/j.biocon.2007.02.025


Monitoring and management of Cerambyx cerdo in the Mediterranean region... 107

Buse J, Ranius T, Assmann T (2008a) An endangered longhorn beetle associated with old oaks 
and its possible role as an ecosystem engineer. Conservation Biology 22: 329–337. https://
doi.org/10.1111/j.1523-1739.2007.00880.x

Buse J, Zabransky P, Assmann T (2008b) The xylobiontic beetle fauna of old oaks colonized 
by the endangered longhorn beetle Cerambyx cerdo Linnaeus, 1758 (Coleoptera: Ceram-
bycidae). Mitteilungen der Deutschen Gesellschaft für Allgemeine und Angewandte Ento-
mologie 16: 109–112. urn:nbn:de:hebis:30-1108973

Buse J, Verdugo A, Bartolozzi L, Mendez M, Galante E (2016) Cerambyx cerdo. The IUCN Red 
List of Threatened Species 2016: e.T4166A43965534.

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

Casula P, Vignoli L, Luiselli L, Lecis R (in press) Local abundance and observer’s identity affect 
visual detectability of Sardinian mountain newts. Herpetological Journal.

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

Chiari S, Zauli A, Mazziotta A, Luiselli L, Audisio P, Carpaneto GM (2013b) Surveying an 
endangered saproxylic beetle, Osmoderma eremita, in Mediterranean woodlands: a com-
parison between different capture methods. Journal of Insect Conservation 17: 171–181. 
https://doi.org/10.1007/s10841-012-9495-y

Conrad CC, Hilchey KG (2010) A review of citizen science and community-based environ-
mental monitoring: issues and opportunities. Environmental Monitoring and Assessment 
176: 273–291. https://doi.org/10.1007/s10661-010-1582-5

Epstein Y, López-Bao JV, Chapron G (2016) A legal-ecological understanding of favorable 
conservation status for species in Europe. Conservation Letters 9: 81–88. https://doi.
org/10.1111/conl.12200

Fedrowitz K, Koricheva J, Baker SC, Lindenmayer DB, Palik B, Rosenvald R, Beese W, Franklin 
JF, Kouki J, Macdonald E, Messier C, Sverdrup-Thygeson A, Gustafsson L (2014) Can re-
tention forestry help conserve biodiversity? A meta-analysis. Journal of Applied Ecology 51: 
1669–1679. https://doi.org/10.1111/1365-2664.12289

Feyerabend PK (2011) The Tyranny of Science. Wiley, 1–180.
Hochkirch A, Schmitt T, Beninde J, Hiery M, Kinitz T, Kirschey J, Matenaar D, Rohde 

K, Stoefen A, Wagner N, Zink A, Lötters S, Veith M, Proelss A (2013) Europe needs 
a new vision for a Natura 2020 network. Conservation Letters 6: 462–467. https://doi.
org/10.1111/conl.12006

Horak J, Buche B, Dodelin B, Alexander K, Schlaghamersky J, Mason F, Istrate P, Men-
dez M (2010) Cerambyx cerdo. The IUCN Red List of Threatened Species 2010: 
e.T4166A10502932.

Horwich RH, Lyon J (2007) Community conservation: practitioners’ answer to critics. Oryx 
41: 376–385. https://doi.org/10.1017/S0030605307001010

https://doi.org/10.1111/j.1523-1739.2007.00880.x
https://doi.org/10.1111/j.1523-1739.2007.00880.x
https://doi.org/10.1111/icad.12194
https://doi.org/10.1007/s10841-013-9606-4
https://doi.org/10.1007/s10841-013-9606-4
https://doi.org/10.1007/s10841-012-9495-y
https://doi.org/10.1007/s10661-010-1582-5
https://doi.org/10.1111/conl.12200
https://doi.org/10.1111/conl.12200
https://doi.org/10.1111/1365-2664.12289
https://doi.org/10.1111/conl.12006
https://doi.org/10.1111/conl.12006
https://doi.org/10.1017/S0030605307001010


Paolo Casula  /  Nature Conservation 19: 97–110 (2017)108

Hulme PE (2011) Practitioner’s perspectives: introducing a different voice in applied ecology. 
Journal of Applied Ecology 48: 1–2. https://doi.org/10.1111/j.1365-2664.2010.01938.x

Irvine RJ, Fiorini S, Yearley S, McLeod JE, Turner A, Armstrong H, White PCL, Van Der 
Wal R (2009) Can managers inform models? Integrating local knowledge into models of 
red deer habitat use. Journal of Applied Ecology 46: 344–352. https://doi.org/10.1111/
j.1365-2664.2009.01626.x

Keith DA, Martin TG, McDonald-Madden E, Walters C (2011) Uncertainty and adaptive 
management for biodiversity conservation. Biological Conservation 144: 1175–1178. 
https://doi.org/10.1016/j.biocon.2010.11.022

Keulartz J (2009) European nature conservation and restoration policy: problems and 
perspectives. Restoration Ecology 17: 446–450. https://doi.org/10.1111/j.1526-
100X.2009.00566.x

Kosmala M, Wiggins A, Swanson A, Simmons B (2016) Assessing data quality in citizen science. 
Frontiers in Ecology and the Environment 14: 551–560. https://doi.org/10.1002/fee.1436

Lakshminarayanan S (2007) Using citizens to do science versus citizens as scientists. Ecology 
and Society: https://doi.org/10.5751/ES-02274-1202r02

Luce JM (1997) Cerambyx cerdo Linneaus, 1758. In: Background information on invertebrates 
of the Habitats Directive and the Bern Convention. Part I – Crustacea, Coleoptera and 
Lepidoptera. European Commission, Strasbourg, 22–36.

Martín J, Cabezas J, Buyolo T, Patón D (2005) The relationship between Cerambyx spp. dam-
age and subsequent Biscogniauxia mediterranum infection on Quercus suber forests. Forest 
Ecology and Management 216: 166–174. https://doi.org/10.1016/j.foreco.2005.05.027

Mason F, Zapponi L (2015) The forest biodiversity artery: towards forest management for 
saproxylic conservation. iForest - Biogeosciences and Forestry 9: 205-216. https://doi.
org/10.3832/ifor1657-008

McKinley DC, Miller-Rushing AJ, Ballard HL, Bonney R, Brown H, Cook-Patton SC, Evans 
DM, French RA, Parrish JK, Phillips TB, Ryan SF, Shanley LA, Shirk JL, Stepenuck KF, 
Weltzin JF, Wiggins A, Boyle OD, Briggs RD, Chapin III SF, Hewitt DA, Preuss PW, 
Soukup MA (2017) Citizen science can improve conservation science, natural resource 
management, and environmental protection. Biological Conservation 208: 15–28. https://
doi.org/10.1016/j.biocon.2016.05.015

Nichols JD, Williams BK (2006) Monitoring for conservation. Trends in Ecology & Evolution 
21: 668–673. https://doi.org/10.1016/j.tree.2006.08.007

Oleksa A, Klejdysz T (2017) Could the vulnerable great Capricorn beetle benefit from the 
introduction of the non-native red oak? Journal of Insect Conservation: https://doi.
org/10.1007/s10841-017-9978-y

Redolfi De Zan L, Bardiani M, Antonini G, Campanaro A, Chiari S, Mancini E, Maura M, 
Sabatelli S, Solano E, Zauli A, Peverieri GS, Roversi PF (2017) Guidelines for the monitor-
ing of Cerambyx cerdo. In: Carpaneto GM, Audisio P, Bologna MA, Roversi PF, Peverieri 
GS, Campanaro A, Hardersen S, Mason F (Eds) Guidelines for the Monitoring of the 
Saproxylic Beetles protected in Europe. Nature Conservation 20: 129–164. https://doi.
org/10.3897/natureconservation.20.12703.

https://doi.org/10.1111/j.1365-2664.2010.01938.x
https://doi.org/10.1111/j.1365-2664.2009.01626.x
https://doi.org/10.1111/j.1365-2664.2009.01626.x
https://doi.org/10.1016/j.biocon.2010.11.022
https://doi.org/10.1111/j.1526-100X.2009.00566.x
https://doi.org/10.1111/j.1526-100X.2009.00566.x
https://doi.org/10.1002/fee.1436
https://doi.org/10.5751/ES-02274-1202r02
https://doi.org/10.1016/j.foreco.2005.05.027
https://doi.org/10.3832/ifor1657-008
https://doi.org/10.3832/ifor1657-008
https://doi.org/10.1016/j.biocon.2016.05.015
https://doi.org/10.1016/j.biocon.2016.05.015
https://doi.org/10.1016/j.tree.2006.08.007
https://doi.org/10.1007/s10841-017-9978-y
https://doi.org/10.1007/s10841-017-9978-y
https://doi.org/10.3897/natureconservation.20.12703
https://doi.org/10.3897/natureconservation.20.12703


Monitoring and management of Cerambyx cerdo in the Mediterranean region... 109

Regnery B, Paillet Y, Couvet D, Kerbiriou C (2013) Which factors influence the occurrence 
and density of tree microhabitats in Mediterranean oak forests? Forest Ecology and Mana
gement 295: 118–125. https://doi.org/10.1016/j.foreco.2013.01.009

Sallé A, Nageleisen L-M, Lieutier F (2014) Bark and wood boring insects involved in oak declines 
in Europe: current knowledge and future prospects in a context of climate change. Forest 
Ecology and Management 328: 79–93. https://doi.org/10.1016/j.foreco.2014.05.027

Scarascia-Mugnozza G, Oswald H, Piussi P, Radoglou K (2000) Forests of the Mediterranean 
region: gaps in knowledge and research needs. Forest Ecology and Management 132: 97–
109. https://doi.org/10.1016/S0378-1127(00)00383-2

Schnitzler A (2014) Towards a new European wilderness: embracing unmanaged forest growth 
and the decolonisation of nature. Landscape and Urban Planning 126: 74–80. https://doi.
org/10.1016/j.landurbplan.2014.02.011

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: https://doi.org/10.1371/journal.pone.0060456

Sebek P, Bace R, Bartos M, et al (2015) Does a minimal intervention approach threaten the 
biodiversity of protected areas? A multi-taxa short-term response to intervention in tem-
perate oak-dominated forests. Forest Ecology and Management 358: 80–89. https://doi.
org/10.1016/j.foreco.2015.09.008

Silvertown J (2009) A new dawn for citizen science. Trends in Ecology & Evolution 24: 467–
471. https://doi.org/10.1016/j.tree.2009.03.017

Sirami C, Jay-Robert P, Brustel H, Valladares L, Le Guilloux S, Martin JL (2008) Saproxylic bee-
tle assemblages of old Holm oak trees in the Mediterranean region: role of a keystone struc-
ture in a changing heterogeneous landscape. Revue d’écologie (Terre Vie) 10: 101–114.

Sjölund MJ, Jump AS (2013) The benefits and hazards of exploiting vegetative regeneration for 
forest conservation management in a warming world. Forestry 86: 503–513. https://doi.
org/10.1093/forestry/cpt030

Tews J, Brose U, Grimm V, Tielbörger K, Wichmann MC, Schwager M, Jeltsch F (2004) 
Animal species diversity driven by habitat heterogeneity/diversity: the importance of key-
stone structures. Journal of Biogeography 31: 79–92. https://doi.org/10.1046/j.0305-
0270.2003.00994.x

Torres-Vila LM, Mendiola-Diaz FJ, Sánchez-González Á (2017) Dispersal differences of a pest 
and a protected Cerambyx species (Coleoptera: Cerambycidae) in oak open woodlands: 
a mark–recapture comparative study. Ecological Entomology 42: 18-32. https://doi.
org/10.1111/een.12355

Vignoli L, Macale D, Luiselli L, Lecis R, Casula P (2016) Are conservation assessments of 
threatened species reliable? Updated distribution of the Endangered Sardinian newt Eu-
proctus platycephalus and implications for Red List assessments of Italian amphibians. Oryx 
FirstView, 1–7. https://doi.org/10.1017/S0030605315001416

Vodka S, Konvicka M, Cizek L (2008) Habitat preferences of oak-feeding xylophagous beetles 
in a temperate woodland: implications for forest history and management. Journal of In-
sect Conservation 13: 553–562. https://doi.org/10.1007/s10841-008-9202-1

https://doi.org/10.1016/j.foreco.2013.01.009
https://doi.org/10.1016/j.foreco.2014.05.027
https://doi.org/10.1016/S0378-1127(00)00383-2
https://doi.org/10.1016/j.landurbplan.2014.02.011
https://doi.org/10.1016/j.landurbplan.2014.02.011
https://doi.org/10.1371/journal.pone.0060456
https://doi.org/10.1016/j.foreco.2015.09.008
https://doi.org/10.1016/j.foreco.2015.09.008
https://doi.org/10.1016/j.tree.2009.03.017
https://doi.org/10.1093/forestry/cpt030
https://doi.org/10.1093/forestry/cpt030
https://doi.org/10.1046/j.0305-0270.2003.00994.x
https://doi.org/10.1046/j.0305-0270.2003.00994.x
https://doi.org/10.1111/een.12355
https://doi.org/10.1111/een.12355
https://doi.org/10.1017/S0030605315001416
https://doi.org/10.1007/s10841-008-9202-1


Paolo Casula  /  Nature Conservation 19: 97–110 (2017)110

Vrezec A, Ambrozic S, Kapla A (2012) An overview of sampling methods tests for monitoring 
schemes of saproxylic beetles in the scope of Natura 2000 in Slovenia. Studia Forestalia 
Slovenica 137: 73–90.

Wang Q (2017) Cerambycidae of the World: Biology and Pest Management. CRC Press, 628 pp.
Zapponi L, Cini A, Bardiani M, Hardersen S, Maura M, Maurizi E, Redolfi De Zan L, Audisio 

P, Bologna MA, Carpaneto GM, Roversi PF, Sabbatini Peverieri G, Mason F, Campanaro 
A (2017) Citizen science data as an efficient tool for mapping protected saproxylic beetles. 
Biological Conservation 208: 139–145. https://doi.org/10.1016/j.biocon.2016.04.035

https://doi.org/10.1016/j.biocon.2016.04.035

	Monitoring and management of Cerambyx cerdo in the Mediterranean region – a review and the potential role of citizen science
	Abstract
	Introduction
	Managing Cerambyx cerdo and Mediterranean oaks under the Habitats Directive
	Citizen science and Cerambyx cerdo management
	Practitioner’s objectives for Cerambyx cerdo monitoring
	Conclusion
	Acknowledgments
	References

