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Simple Summary: International cooperation is needed to prevent the loss of threatened species. To
evaluate the situation, standardised monitoring is an important tool. Involving the general public
(citizen science) can play a crucial role in realising such international monitoring. Here we report
on the start-up and initial findings of the European Stag Beetle Monitoring Network (ESBMN), an
international network of stag beetle (Lucanus cervus) monitoring schemes using the same protocol.
This network aims to regularly assess local and international changes in the population of the stag
beetle. Therefore, an internationally standardised protocol was agreed and a website was created
where volunteers can create a transect and submit the data of their transect walks. Currently, the
number of transects and transect walks submitted is increasing annually and will soon allow trend

Insects 2021, 12, 813. https://doi.org/10.3390/insects12090813 https://www.mdpi.com/journal/insects

https://www.mdpi.com/journal/insects
https://www.mdpi.com
https://orcid.org/0000-0001-5723-5976
https://orcid.org/0000-0003-4043-6362
https://orcid.org/0000-0002-8939-1305
https://orcid.org/0000-0002-0928-2636
https://orcid.org/0000-0001-5983-0402
https://orcid.org/0000-0002-0144-643X
https://orcid.org/0000-0003-1840-7119
https://orcid.org/0000-0002-1568-5183
https://orcid.org/0000-0001-5762-420X
https://orcid.org/0000-0002-4699-6451
https://doi.org/10.3390/insects12090813
https://doi.org/10.3390/insects12090813
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/insects12090813
https://www.mdpi.com/journal/insects
https://www.mdpi.com/article/10.3390/insects12090813?type=check_update&version=1


Insects 2021, 12, 813 2 of 14

analysis. Our initial experience with the ESBMN shows that volunteers need more guidance and
encouragement to avoid them dropping out of the project. In conclusion, we believe this system
of international cooperation can be used for other charismatic insects in order to evaluate their
threatened status and plan conservation actions.

Abstract: To address the decline in biodiversity, international cooperation in monitoring of threatened
species is needed. Citizen science can play a crucial role in achieving this challenging goal, but most
citizen science projects have been established at national or regional scales. Here we report on the
establishment and initial findings of the European Stag Beetle Monitoring Network (ESBMN), an
international network of stag beetle (Lucanus cervus) monitoring schemes using the same protocol.
The network, started in 2016, currently includes 14 countries (see results) but with a strong variation
in output regarding the number of transects (148 successful transects in total) and transect walks
(1735). We found differences across European regions in the number of stag beetles recorded,
related to phenology and temperature, but not for time of transect start. Furthermore, the initial
experiences of the ESBMN regarding international cooperation, citizen science approach, and drop-
out of volunteers is discussed. An international standardised protocol that allows some local variation
is essential for international collaboration and data management, and analysis is best performed at the
international level, whereas recruiting, training, and maintaining volunteers is best organised locally.
In conclusion, we appeal for more joint international citizen science-based monitoring initiatives
assisting international red-listing and conservation actions.

Keywords: transect walk; monitoring protocol; drop-out; habitats directive; volunteers; threat-
ened species

1. Introduction

Insects have undergone a massive decrease in population abundance and biodiversity
in recent decades [1–3]. Long-term monitoring schemes are essential if we are to understand
the causes and current state of biodiversity loss, identify the main drivers, and plan
mitigation strategies and thorough conservation actions [1,4]. To accurately evaluate
the biodiversity crisis, monitoring has become an increasingly important tool [5], e.g.,
international nature conservation acts such as the European Habitats Directive include
regulations for monitoring programmes.

To operate these monitoring programmes, and for the assessment of International
Union for Conservation of Nature (IUCN) red list status, a citizen science procedure has
often been used [6–9]. Most citizen science projects are implemented at local or national
scales [10], but see [11]. This may be logical due to the level at which monitoring data are
required and at which potential volunteers are associated with non-governmental organi-
sations (NGO) and fora. Firstly, however, conservation policies and funding opportunities
are shifting from national to international level (e.g., [12–15]). Secondly, international com-
parison of national datasets is often not possible due to differences in monitoring protocols,
or is limited to comparing metadata [16,17]. Thirdly, trend analysis can be demanding in
terms of the number of monitoring sites and volunteers involved [18–20]. These may often
not be met for rare species or small regions or countries (e.g., [20]), and data at large spatial
scale is needed [21].

Red list initiatives for insects have also recently been scaled up from national to
international level (e.g., [22]), but monitoring data on insects to analyse population trends
at the international level are still very scarce [7]. Citizen science may potentially help to
gather this information, but international citizen science projects, such as the European
Butterfly Monitoring Scheme [23], are still limited.

A similar monitoring network was set up for the European stag beetle (Lucanus cervus,
Coleoptera: Lucanidae). This species is an ideal target species for citizen science due to its
large size, charismatic appearance, pan-European distribution, and easy identification [8,24].
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Consequently, there is a long history in using citizen science to compile data regarding this
species [25]. In many areas it is part of urban wildlife [26] making a citizen science approach
more feasible [10,27]. Moreover, the species is protected by the European Habitats Directive
(Annex II) and evaluated as a species of Least Concern [22] due to its patchy distribution. Fur-
thermore, this species is often considered to be an umbrella species for dead wood conservation,
making it interesting for citizen science projects and educational programmes [26,28].

In 2012, a standardised monitoring protocol was developed, encompassing trials at
29 transects in eight countries [28]. Furthermore, a statistical power analysis was performed
based on 1650 transect walks from three transects (UK, Germany, and Switzerland) reveal-
ing the need for 240 transect walks per year, from 40 to 100 transects, in order to reveal
small population trends [20]. This number of transects (and volunteers) may be unfeasible
for many regions and small countries due to limited funding, availability of volunteers,
or even the number of stag beetle populations present. Consequently, international coop-
eration is needed to gather sufficient data for robust and sound statistical trend analysis.
International cooperation is also crucial to achieve integrated coordination of methodology,
education, aims, and communication [14,15]. With these ideas and pilot studies in mind,
the European Stag Beetle Monitoring Network (ESBMN) was set up in 2016.

The goal of this paper is to describe the ESBMN, where we tried to maximise the ad-
vantages of international cooperation with national or regional representatives, to organise
a citizen science project with international data collection for evaluation of the population
decline in the stag beetle. This is demonstrated by initial results regarding data collection
and international cooperation. As data mainly come from three separate regions in Europe,
we analyse the effect of these regions on the species phenology, temperature response, and
transect starting time. These three parameters are known to strongly influence the number
of observations [20,28]. Finally, we discuss lessons learned from establishing the ESBMN
regarding the aspects that are best organised at local versus international level to guide
similar future cooperation initiatives.

2. Materials and Methods
2.1. ESBMN and Monitoring Protocol

The ESBMN was established in 2016 as an international network of organisations
involved in national or regional stag beetle monitoring schemes (further referred to as
country representatives). It was built on the basis of previous informal scientific collabora-
tion among some of the participants. The network currently includes seven universities,
four governmental research institutes or administration bodies, and six NGOs involved
in the research, conservation, and monitoring of this species in 14 countries. The ESBMN
mission is to realise a population density change monitoring of the European stag beetle
with the aim to regularly assess local and international population changes. Our vision is
to establish a monitoring network with a uniform methodology, allowing a citizen science
approach, and to assess the species status at the full scale of its range. The strategic plan and
data policy are available on the website [29]. It is an open network allowing the addition
of new members that are working on a local monitoring network. The ESBMN provides
a standardised monitoring protocol and a website (www.stagbeetlemonitoring.org) (ac-
cessed on 1 August 2021) that allows entering, storing and managing data, and exchange
of best practices in setting up a network of transects between members and cooperating
in scientific analyses and publications. Specifically for the volunteers and general public
(479 subscribers), ESBMN provides a yearly newsletter communicating the conclusions of
the monitoring, in addition to general knowledge on the species, and raising awareness
about the threats faced by this species.

The standardised protocol (File S1) is translated into and published in nine languages
on the ESBMN website. In summary, volunteers choose a 500 m transect where stag beetles
are known to occur which is walked each time in the same direction. Volunteers are asked
to walk the route at least six times per year during the months of June and July on warm
(>12 ◦C) evenings with little or no rain and no strong wind. Transect walks start about

www.stagbeetlemonitoring.org
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15 min before sunset at a gentle pace taking 30 min to complete the 500 m. Observations
within a virtual box of approximately 10 m in front, and 5 m to each side, of the surveyor
(Figure 1) are registered (cf. [30]). For each observation, the time, sex, and activity of the
beetle is noted. This protocol is mainly based on an earlier version [28]. A limited number
of changes were discussed among the members to simplify the protocol.
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Figure 1. Representation of the virtual box around the surveyor; stag beetles observed within this
virtual box are noted. Drawing made by Studiolae.

The country representatives oversee outreach, training, and communication to vol-
unteers at regional or national scales. Volunteers directly enter the data onto the ESBMN
website. The manner in which organisations promote this network can differ (see results).
Furthermore, some countries have a slightly different monitoring protocol. In Italy, the
transects are walked partly by professionals and partly by citizen science volunteers, and
most transects are walked alternately back and forth and dead specimens are not noted [31].
In Slovenia and Croatia, all transects are walked by professionals and the length differs
based on the location (ranging from 100 to 1000 m). These transect walks start around
sunset and the length of transect walks depends on the length of the transect, varying
from 20 to 60 min [32,33]. Transect data from Italy, Slovenia, and Croatia are not entered
directly on the website but added on a yearly basis to the ESBMN database. Finally, the
only Swiss transect and one UK transect are point transects, counting stag beetles during
30 min from a single viewpoint. This point monitoring is currently implemented as an
additional monitoring scheme.

All transects were verified and classified as standardised line transects (400–600 m),
or a point, shorter, or longer transect. All transect walks were also checked and labelled
as “according to protocol (started between 1:15 before to 0:45 after sunset)”, early (2:15 to
1:15 before sunset), late (0:45 to 9:45 after sunset), daytime (14:15 to 2:15 before sunset), or
using the Italian protocol [31]. A few submissions were also labelled as “not according to
protocol”.

2.2. Statistics

Analysis was based on all transects but only transect walks “according to protocol”
were included (see Table S1 for the data). Furthermore, 234 transect walks were omitted
with missing data. Based on the geographical spreading, transects were grouped into
Southwest (Portugal, Spain, and France; 503 transect walks after omitting records with
missing data), Southeast (Switzerland, Italy, Slovenia, and Croatia; 300 transect walks), and
North (United Kingdom, Belgium, The Netherlands, Germany, and Poland; 592 transect
walks). Between transects from different regions, there is at least 340 km (Figure 2). The
Polish transects were at least 540 km from any other transect and have a much more
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continental climate; however, there were too few transect walks to analyse them separately.
In addition to regional differences, the Northern transects are all in lowland areas, whereas
the Southeast and Southwest transects include both lowland and upland transects. Other
variables used for the statistical analyses were seasonal effects, temperature, and start time
of the transect walk. To include the seasonal effect, the date of each transect walk was
converted to day-of-year (doy). To avoid including large numbers in the model, doy was
divided by 30, which can be interpreted as month-of-year (moy) (cf. [20]). Temperature
was measured by the volunteer at the start of the transect walk and expressed as degrees
Celsius. Finally, the start time was expressed in minutes before sunset.
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into account the effect of the other variables in the model.

To evaluate the regional effect on the elements known to influence the number of
observations [20,28,31], a statistical model was built. Due to the non-linear nature of the
responses (e.g., phenology), a generalised additive model (gam) was built with a separate



Insects 2021, 12, 813 6 of 14

spline smoother for moy, temperature, and starting time. The three regions were used as
the interaction term for each smoother. The model can be written as:

g(E(No. observations)) = s(moy: region) + s(temperature: region) + s(start time: region) (1)

with g representing the log-link function and s representing the spline smoothers. The
position of the transect (defined by latitude and longitude) was included as a spatial
Gaussian random effect. A negative binomial distribution was used for the number of
observations. We fit the model in R 4.0.2 [34] using the mgcv package [35].

3. Results

The current network includes 14 countries, which entail 38% of the countries (exclud-
ing city states) within the range and 71% of the range surface (approx. 5,700,000 km2,
Figure 2).

To date, 195 transects were set up in a total of 13 countries (Table 1, Figure 2). A strong
drop-out effect can be detected when comparing the number of volunteers registered (656),
the number of transects created (195), the number of transects with at least one transect
walk (148), and the number of transects with transect walks in multiple years (54). Because
the network was established in 2016, data is mainly limited to the period 2016–2020. In
most countries, the initiation of this monitoring is relatively recent, resulting in a limited
number of years with data for each transect. Monitoring was only started prior to the
establishment of the network in Belgium and Slovenia, resulting in earlier data in these
countries and, consequently, higher mean years of data per transect. The 195 transects
include 181 standard line transects, two point transects, nine shorter transects, and three
longer transects. From the 1735 transect walks, 1538 used the standardised protocol, 93
the Italian protocol, 71 were walked earlier, 26 during daytime, and seven late. The annual
number of transect walks increased from 93 in 2016 to 345 in 2019 and 656 in 2020.

Table 1. Countries with the number of transects and transect walks ordered by number of transect
walks. Percentage comparing numbers to total number of transects set up. For transects with multiple
years, percentage is calculated by excluding the transects set up in 2020 because they do not yet have
data from multiple years.

Country

No. Transects
Mean Years of
Data/Transect

No. Transect
WalksSet Up

(100%)

with at Least
One Transect

Walk

with Data from
Multiple Years

Slovenia 10 10 (100%) 10 (100%) 10.4 319
The Netherlands 20 19 (95%) 12 (60%) 2 308

Portugal 46 40 (87%) 1 (10%) 1.05 290
Spain 33 28 (85%) 10 (56%) 1.71 239

Belgium 13 8 (62%) 6 (55%) 3.63 162
United Kingdom 50 21 (42%) 4 (9%) 1.24 103

Italy 8 8 (100%) 4 (57%) 1.88 101
Croatia 5 5 (100%) 3 (60%) 1.6 86

Germany 4 4 (100%) 3 (75%) 3 80
Switzerland 1 1 (100%) 1 (100%) 5 30

Poland 2 2 (100%) 0 (0%) 1 10
France 2 1 (50%) 0 (0%) 1 6
Serbia 1 1 (100%) 0 (0%) 1 1
Total 195 148 (76%) 54 (39%) 2.23 1735

The largest number of transects established are found in the UK (50) and Portugal
(46), but these countries also have the largest drop-out effect for transects with multiple
years of data (91% and 90%) and, consequently, only four and one transects, respectively,
have been monitored in multiple years. The highest number of transects with multiple
years are found in The Netherlands (12), Slovenia (10), and Spain (10). The lowest drop-out
rates are found in Slovenia (0%), Switzerland (0%, only one transect), Germany (25%, only
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four transects), The Netherlands (40%), and Croatia (40%). To date, no transects have been
established in Ukraine and the Russian Federation.

The number of observations was significantly influenced by most model parameters,
with the exception of the starting time and the temperature in the Southwest region (Table
2). The phenology appeared to be later in the Southeast region (optimal period in early
July) compared to the North and Southwest region (optimal period in mid-June to late
June, respectively, Figure 3). The model estimated a slightly longer season in the North and
Southwest, with 75% and 79%, respectively, of the observations in June and July (compared
to May–August) vs. 89% in the Southeast.

Table 2. Statistics of model parameters for the model explaining the number of observations during
the transect walk.

Model Parameter Edf 1 Chi2 2 p 3

s(moy): North 2.856 56.928 <2 × 10−16 ***
s(moy): Southeast 2.610 32.340 2.77 × 10−7 ***
s(moy): Southwest 2.471 28.013 3.41 × 10−6 ***

s(temperature): North 1.777 40.563 <2 × 10−16 ***
s(temperature): Southeast 2.214 11.210 0.007 **
s(temperature): Southwest 1.848 5.470 0.081

s(start): North 1.004 2.472 0.117
s(start): Southeast 1.991 3.096 0.211
s(start): Southwest 1.000 0.043 0.835

Random effect: s(Latitude, Longitude) 2.962 82.735 <2 × 10−16 ***
1 edf: estimated degrees of freedom, 2 Chi2: chi-squared test results, 3 p: p-value with; **: <0.01 and ***: <0.001.

A positive effect of temperature on the number of observations was found in all
three regions, but was not significant in the Southwest (Figure 4). In the Southeast, the
temperature response appears initially slightly stronger, whereas for high temperatures
(above 25 ◦C) a decrease in activity is seen. In the North, the response remains high after
25 ◦C but the confidence intervals are widened.
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For starting time, the effect was not significant for all of the three regions. Figure 5
indicates that more observations are noted on transect walks before sunset in the Southwest,
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whereas the opposite is true for the North. In the Southeast, there may be an optimum
about 20 min before sunset.
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Figure 5. Effect of starting time on the number of observations along a transect walk given for three
regions. Model outcome is plotted as a line with the confidential interval as a ribbon, after taking
into account the effect of the other variables in the model.

In addition to the effect of the three regions, an important effect of longitude and
latitude remained in the model as a random effect. This random effect takes up spatial
variability between transects that is not explained by other model parameters, such as local
habitat suitability or climate.

4. Discussion

The ESBMN was established to promote a standardised monitoring enabling a citizen
science approach. To date, 14 countries have been included, resulting in 148 successful
transects and 54 transects that have been monitored during different years. Data from
1735 transect walks have been collected. A preliminary analysis indicated differences
across European regions in the number of stag beetles recorded, related to phenology and
temperature, whereas the time of transect start did not show any significant effects. Below,
we first discuss the results of the analysis. Second, we talk about the major implications
of our experiences for the organisation and consolidation of this and similar international
networks. Finally, we discuss the challenges and benefits of a citizen science approach.

4.1. Results of the Analysis

We found that phenology in the Southeast transects was later than that in the South-
west and North. Differences in phenology were previously documented at the local scale
related to altitudinal differences [36–38], but across Europe differences have not yet been
found [20,28]. Schmucki et al. [39] found a later phenology for butterflies in cold and mesic
climates, which coincides with many Southeast transects. At present, no firm conclusions
can be drawn for these differences, which might be related to regional differences, in
addition to differences in altitude or climate. To fully explore these effects, more data may
be needed, and actual altitude and climatic variables need to be included in the model.
For temperature, regional differences may be explained by climate where colder regions
have a stronger response to temperature as warm evenings are less frequent and activity
is consequently concentrated during these evenings. Within the variability studied, 1 h
15 min before to 45 min after sunset, starting time had no significant effect on the number
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of observations. This means that starting time does not need to be strictly fixed in the
protocol. Moreover, the stag beetle activity may be strongly related to the amount of light
(thus civil twilight) than the time of sunset. The time between civil twilight and sunset
increases Northwards, which may explain the pattern observed.

4.2. Implications of Our Experiences

The goal of the ESBMN is to assess the trend of the species. Because the ESBMN was
established in 2016, it is too early to analyse the data for any trends. Nevertheless, the
annual number of transect walks gathered has increased strongly. Because the initiatives in
most countries were only recently established, or have still to be fully elaborated, similarly
strong growth can be expected in the future. At an international level, we have already
achieved the goal of 240 transect walks from 40 transects per year, as suggested for long-
term trend analysis [20]. Two of the three regions analysed are at or close to this level
(Southwest: 354 transect walks from 51 transects and North: 188 transect walks from 28
transects in 2020). At the national level, we are still far from this level of effort, with the
exception of Portugal (249 transect walks from 36 transects in 2020). Because there is no
strict commitment, strong differences between countries’ engagement may also remain in
the future. However, if the general effort can be maintained or slightly improved during
the next few years, it is feasible that sufficient years of data will be collected, which would
thus enable trend analysis. Current modelling techniques allow us to cope with this kind
of unbalanced data set. Consequently, a difference in engagement or start-up year between
countries should not be a concern for future analysis. Furthermore, innovative techniques
allow trend or population estimates to be separately made for each transect (or group of
transects) [39–41].

From the experience of the first years of activity of the ESBMN, we learned that
international cooperation has clear benefits. Elemental was the development of an in-
ternational standardised monitoring protocol to ensure data comparison, in addition to
saving development time and management costs, and avoiding repeated flaws [15,42,43].
Because the species phenology differs across its range, some elements of the protocol need
local variation to optimise the number of observations. Moreover, the organisation of the
network needs some flexibility to fit local requirements and opportunities. In our example,
the organisation ranges from social media campaigns to professionally monitored transects.
The first have been used in Portugal and UK to find volunteers that install their own
transect. This approach has yielded high responses, but is also likely to be related to a large
drop-out rate in these two countries. In Flanders (Northern Belgium) and The Netherlands,
where a limited number of populations remain, transects have been set up by the country
representatives, and volunteers are actively sought for these transects. In Spain, the country
representative mainly takes care of disseminating the protocol whereas local NGOs, county
administrations, and individuals have been involved in the actual monitoring. Finally, the
transects monitored in Slovenia and Croatia are followed up by employees of the research
institute and national parks, respectively, where the drop-out effect is consequently low.
In other countries, the campaign is limited or only recently initiated. A similar variety in
organisation exists in the European Butterfly Monitoring Scheme [23]. Data management
is another element that is best organised at the international level in order to maximise
opportunities for data exchange and comparison [10]. Because detailed data analysis can
be demanding in terms of the number of records needed [20,44], the analysis is also best
performed at the international level whenever possible. Because potential errors and biases
are linked to citizen science data, the interpretation and relevance of a certain national
trend is best evaluated within a larger international framework [10].

In contrast, finding, interacting, and maintaining the volunteers is a task that mainly
needs to be organised at national or regional levels, because most volunteers will feel most
associated with this level. We send out a yearly newsletter to all volunteers, but this is only
in English and may be less relevant for some of the volunteers.
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4.3. Challenges and Benefits of Our Citizen Science Approach

The main implementation of the ESBMN is based on citizen science monitoring
schemes. However, some national or regional schemes completely or partly depend on
professionals. In practice, the difference between professionals and volunteers may be
significantly smaller than often stated. For example, several citizen scientists within our
network have an academic career or work in nature conservation. By comparison, forest
guards may be seen as professionals but sometimes have no experience with the species.

The main difference may be that it requires a large investment to find and maintain
volunteers [42], whereas the organisation of professionals appears, in general, to be easier
and the long-term sustainability of a fixed executer for each transect is more likely to be
ensured. The large disadvantage is that the number of professional employees is limited,
even when broadened to forest guards and local conservationists. This is especially impor-
tant for this species, which is only active during a short period in the evening, allowing
only one transect walk per person per day. In Slovenia, 10 transects are conducted by a
team of four researchers, whereas in Croatia, to date, five transects have been established
in four national parks by local employees. In other countries the use of professionals is
sporadic. With professionals alone, the effort may not be sufficient to separately evaluate
trends from these data. Furthermore, employees may not have the time or interest to take
up this additional task and work during the evening (outside standard office hours). It has
been repeatedly found that there are no differences in data quality between both groups if
the monitoring is straightforward and the species can be easily identified (e.g., [45–47]).
Consequently, we believe that the data quality in this network will be comparable. Finally,
professional monitoring can be combined with the monitoring of other species. which
makes the task more complex but also yields a higher return in results.

The type of transects that professionals and volunteers cover might also differ. Vol-
unteers will often walk transects near their home and, consequently, are well placed to
monitor urban or residential populations [10]. In contrast, transects walked by profes-
sionals are more often characterised by large populations in natural and protected areas.
Consequently, whether the best strategy is to rely on either volunteers or professionals, or
a combination of both transect types, might differ depending on the local habitat. This is
especially relevant to ensure a representative trend because it may differ between urban
and protected areas. A citizen science approach, furthermore, helps with public aware-
ness because some volunteers can gradually also take up conservation or dissemination
tasks [42]. By contrast, local managers can use the data directly for local conservation
purposes.

The dropout effect has often been considered as an important drawback of citizen
science, especially for long-term monitoring (e.g., [44]). During our implementation we
have also seen large dropouts in several countries. The main reasons for dropout effects
found include: (1) insufficient information about the scheme; (2) limited feedback and
engagement; (3) limited number/diversity of observations; (4) limited appreciation and
communication building; and (5) limited training and guidance [10,42–44,48]. Many of
these elements have also been found to limit data quality (see further) [43]. Up to a
certain level, all of these reasons may explain a portion of our dropout effects, but the
effect might differ between countries and campaigns. Furthermore, drop-outs may be
specifically related to the period (late June and early July), which partly coincides with
the main holiday period when many volunteers are unavailable. Country representatives
have begun to take up a much more prominent role in recent years in order to ensure data
quality, communicate with volunteers, organise venues and training, give rewards, create
volunteer communities, and show the results of the campaign.

Another important concern for the future is the non-random design in most countries
in our network, which may result in an overrepresentation of urban transects or transects
with high population densities (cf. [10,23,43]). The transect network is only designed to
include all populations in an equal share in Slovenia, The Netherlands, and Flanders.
Moreover, the dropouts are likely to be non-random and can further increase the degree
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of imbalance; for example, when transects with limited observations, which may be most
prone to further decline or extinction, have higher dropouts [44]. Possible solutions are
(1) looking for new volunteers for discontinued transects, or (2) including professionals
for transects with a low number of observations. A post-stratification of transects based
on landscape type and protection status can also help to reduce this bias [23]. To improve
the influx of new volunteers, it has been highly rewarding to contact volunteers that fre-
quently report single observations of this species because they likely live near a population,
are familiar with the species, and are already undertaking to frequently visit the same
population (cf. [10]).

Finally, the data quality is an aspect of citizen science that needs consideration. Re-
views of citizen science projects have stressed the importance of good designs, limited
complexity regarding protocol and hypothesis, trained volunteers, and professional over-
sight [10,43]. Regarding the recognition of the species, practical solutions may include
a volunteer-indicated certainty level [45], requiring the additional feedback of first year
volunteers or excluding the first year data of volunteers. Regarding the protocol, using
transect walks to monitor the stag beetle has been repeatedly tested and evaluated both
by professionals and volunteers in different regions and habitats, and at different spatial
and temporal scales [20,28,31,32,49–54]. Thus, we are confident that it is simple but robust
enough for the data required.

Using a similar transect set-up as already used for butterflies facilitates the re-use of
methodological and statistical advances. For example, new techniques have been described
to evaluate trends of single transects within a larger data frame [39,40], which can now be
directly applied to our network as soon as sufficient data are available from several years.

4.4. Perspectives and Conclusions

Our perspectives are that the number of transects and transect walks will steadily
grow in the coming years, and that additional countries may join the ESBMN. We will
further analyse and compare the organisation of the different schemes in different countries,
and learn and improve the schemes accordingly. We hope to further professionalise the
guidance of the volunteer community. For the analysis of trends, we will also need to
improve the knowledge on potential biases created by the citizen science approach or
due to organisational differences between schemes. Due to the growth of the data, the
possibility to study and include other covariates will grow and result in better insights in
the structure of the data. Secondly, the increased amount of data will improve the coverage
of the species range. In the near future, it will be important to align our effort with the
potential rise of other monitoring schemes for saproxylic beetles. We also need to look
for closer collaboration with European bodies that can help with the continuation of the
ESBMN. Because nature conservation monitoring is becoming increasingly dependent on
citizen science approaches [42,48,55], integrative approaches (e.g., the European Solidarity
Corps and European Citizen Science Association) are strongly welcomed.

In conclusion, we want to appeal for more joint international citizen science-based
monitoring initiatives. In Europe, in particular, national populations often represent a
relatively small proportion of the entire population. International standardisation of the
monitoring protocol and cooperation can significantly help to gather comparable data at
the range level of the species. This will assist international red listing of these species and
monitoring of national and international conservation actions.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/insects12090813/s1, File S1: Protocol for the European Stag Beetle Survey, Table S1: Data used
in the analysis.
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