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MONITORING OF SPECIES AND HABITATS

.1 Introduction

This chapter of the handbook focuses on the monitoring of species and habitat types targeted
by the Birds Directive and Habitats Directive both inside and outside the Natura 2000 network.
It discusses both the current practices by e.g. the different Member States (as far as informa-
tion is available) and the opportunities for improvements in terms of approaches, methods and
techniques offered by the scientific community.

The monitoring of species and habitat types is needed for policy purposes, e.g. reporting by the
EU Member States (Birds Directive Article 12 and Habitats Directive Article 17) as well as site
management and protection. Information is needed on the different aspects of the conservation
status of species and habitat types in relation to environmental pressures (e.g. climate change),
human activities and conservation and restoration measures (for more details see DG environ-
ment, 2015).

I.1.1 Definition of monitoring

There is not a common definition for monitoring, but most definitions (see for example side box)
refer to the detection of changes in an object by means of systematic observations.

I.1.2 Different perspectives and common ground

The context of the monitoring, the question that needs to be answered by e.g. a policy
maker or site manager, is very important as it defines the way the data needs to

be collected and analysed. While policy makers are interested in more general figures such
as national trends in the population size of species, site managers are more interested in the
specific characteristics of their site and in the effectiveness of conservation measures. Site
managers often like to perform repeated surveys or surveillances with the purpose to keep track
of changes as a consequence of management practices. Regularly repeated surveys can be
considered as a form of monitoring.

The implementation of the Birds and Habitats Directives concerns different type of activities
performed by different type of organisations. The information needed for these type of activities
differs. For example the appropriate assessment (Habitats Directive Article 6.3) requires infor-
mation on the status of a species or habitat type on site level (high spatial resolution), whereas
the conservation status assessment (Habitats Directive Article 17) requires trends on a national
| biogeographical level (high temporal resolution). There is a trade off in time and space. The
challenge is to harmonise the monitoring (e.g. by means of protocols) as much as
possible in order to be able to use the data and information for multiple purposes. The
ideal solution would be to design a multipurpose monitoring system, but due to the different
user requirements this is a challenging if not impossible task.
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Definition of monitoring

Gruijter et al. (2006) defines monitoring as “collect-
ing information on an object through repeated or
continuous observation in order to determine possible
changes in the object”. Juergens (2006) defines the
monitoring of biodiversity as “the systematic and
focused observation and measurement of present
changes of biodiversity in its various forms (genes,
taxa, structures, functions, ecosystems) usually within
a defined context defined by e.g. a research question
or a management goal”.
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GEO-BON is developing the “Essential Biodiversity Variables” (EBVs) framework (Pereira et al,
2013; Jetz et al, 2019) with the purpose of representing a minimal set of fundamental
observations needed to support multi-purpose, long term biodiversity information
needs at various scales (Walters and Scholes, 2017). The EBVs fall in six classes: genetic
composition, species populations and ranges, species traits, community composition, ecosys-
tem structure and ecosystem function. These EBVs overlap to a large extent with the different
aspects of the conservation status of species (species distribution/range and population, habitat
for species) and habitat types (distribution/range, area, structure and function) of the Birds and
Habitats Directive.

I.1.3 Smart sampling and data analysis methods

Both regularly repeated surveys and monitoring are based on sampling. Many sam-
pling-related methods and techniques are generally applicable: in space, in time and in time-
space (Gruijter et al,, 2006).

Different monitoring objectives require different sampling designs. That makes it difficult to de-
sign a multipurpose monitoring system. Trend monitoring (e.g. the increase or decline in popula-
tion size of species) requires other sampling strategies than status monitoring (e.g. the estimate
of the total number of individuals). If one wants to study causal relationships, e.g. the effects of
conservation measures on the status of a species, a specific sampling scheme is required such
as a Before-After-Control-Impact (BACI) design.

The conservation status is a legal concept from the Habitats Directive. It describes the status of
a species or habitat type targeted by the Directive and is assessed based on several conserva-
tion status parameters, namely the distribution and range of the species/habitat type, the pop-
ulation size of the species/the habitat area and the area and quality of the habitat for species/
the structure and function of habitat type. In addition (mainly based on the trends) the future

aggregation of the assessment of all these parameters.

In chapter |.2 existing sampling and data analysis methods are described to retrieve information
on the conservation parameters of the species and habitat types.

I.1.4 Observation technologies

There are different ways to collect data on species and habitat types. The most classical way
of data collection is a field survey (field observations and measurements). This is often labour
intensive. Nowadays there are different techniques available for collecting data such as DNA
sampling, camera traps, etc,, that can be (partly) automated and might be less labour intensive.

In chapter 1.3 a selection of observation technologies is described that are or might be applied
to collect data on species and habitat types.

Status being the state or condition in a certain
moment at time (e.g. the total number of birds at a
certain location at a certain moment in time).

Trend being a change or direction (e.g. an increase
in the number of birds at a certain location during a
certain period).
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I.1.5 Modelling techniques

Nowadays there are data modelling techniques available by means of which relevant informa-
tion is retrieved from non-structured opportunistic data. These techniques and methodologies
are very valuable to fill in the gaps in data and information needed for the implementation of
the Birds and Habitats Directives, amongst others concerning the distribution of species and
habitat types. These models can help as well to explain the occurrence and/or abundance of
species and habitat types in relation to the environmental conditions including certain pressures
and threats.

In chapter 1.4 modelling techniques are described by means of information that can be retrieved
on different conservation parameters of species and habitat types, specifically species and
habitat type distribution.

1.1.6 Monitoring approaches, constraints and priorities

Different monitoring approaches are followed by the Member States depending on the
availability of funding and the existence of volunteer networks.

There is a difference between the MS with regard to state funding and the involvement of
skilled amateur volunteers. Where state agencies have small budgets, there are fewer skilled
professionals or amateurs, and socioeconomic conditions prevent development of a culture of
volunteerism (Danielsen et al, 2009). The resulting lack of knowledge about trends in species
and habitats presents a serious challenge for detecting, understanding, and reversing declines in
natural resource values (Danielsen et al., 2009).

Some MS build on existing monitoring programmes by adapting or extending monitoring
schemes. Other MS start from scratch (based on best practices) and develop monitoring pro-
grams tailored to e.g. the reporting obligations.

Priorities need to be set depending on the resources that are available (in terms of budget

as well experts and/or volunteers). In order to meet the objectives of the directives the most
logic choice is to focus on those species and habitat types that are most threatened and where
knowledge is lacking.

Expert volunteers as an example of
citizen science

The best monitoring strategy depends on the avail-
ability of resources, tools and people: even for profes-
sional monitoring experts are needed and not always
available. In biodiversity monitoring and conservation
volunteers are becoming more and more important.
In the EU there is a strong gradient in volunteer
participation from Northwest to Southeast. E.g.
in the UK, the Netherlands and the Nordic countries
the number of volunteers as well as their knowledge
is high. As a consequence reports on the state of bio-
diversity (e.g. the Article 17 reporting) in these coun-
tries rely heavily on such volunteer expert data. The
most important driver for the expansion and sustain-
ability of volunteer participation is enthusiasm. Bell
et al. (2008) conclude that “volunteer engagement
should be geared towards enlivening and motivating
participants, by providing an inspiring environment
where trust, respect, recognition, value and enjoyment
can flourish”.
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.2 Smart sampling and data analysis

This chapter focuses on sampling strategies for the collection of data and how to process the
resulting data to obtain reliable estimates (status and trends) on quantitative as well as qualita-
tive aspects of the conservation status of species and habitat types.

1.2.1 Species

The latest Article 17 reporting (2019) still shows large gaps
(Figure 1), especially for population trends. This paragraph will
discuss how to obtain both range- and population trends.

With the exception of some large, striking and popular species,
from whom we might know each individual, we have to rely
on clever sampling combined with statistical techniques
to obtain a reliable estimate of the status and trend of
species’ distribution, range and population.

We distinguish population trends and distribution trends.
Each needs a different sampling strategy, and the results don’t
have to be correlated. Dennis et al. (2019) show e.q. that for
moths in Scotland, negative population trends showed varied
distribution trends, and an increasing distribution is likely to be
driven by a warming summer climate facilitating range expan-
sion, whereas population declines may be driven by reductions
in habitat quality, changes in land management practices and
warmer and wetter winters. Furthermore population trends are
more sensitive to changes, especially declines, where distribution
tends to react later and is more sensitive to expansions.

Regardless of being used by either professionals or via
citizen science, it is important that methods have been
tested for observer variation. Actually most citizen science
projects have been tested for this (it is a typical question coming
up in reviews), where the relatively expensive monitoring by
professionals is not always evaluated on this point.

Until recently trend monitoring data was almost always
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Trends
One of the major aspects in establishing the conserva-
tion status of a species is the trend.

The Population trend gives an indication of changes
in the number of individuals. This is a very sensitive
measure, but for many species it requires strict proto-
cols and a large effort. It is feasible for popular species
groups, as birds and butterflies. In some cases (e.g. in
the Article 17 assessment) distribution on a 1x1km
grid is considered a substitute for population if no
other population unit such as individuals is available.

Distribution trends can be generated from oppor-
tunistic records, e.g. as coming from citizen science
projects. Such trends tend to be less sensitive, and
negative trends can remain hidden for some years,
depending on the grid size used (e.g. 10x10km in
Article 17 reporting, 2x2km in the Area of Occupancy
(AOO) of the Red List assessment).

Figure I.1

Percentage species range- or population trend marked as
unknown for all combinations of species and biogeographic
region in the Article 17 report of 2019.

collected via strict protocols, thus ensuring high quality
time-series. Recently “big unstructured data”, which com-
prises large amounts of data collected for loosely defined
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“observatory purposes”, have become an important source of biodiversity data. So
far such opportunistic citizen science data can only be used for distribution trends if rigorous
models correct for observation, reporting and detection biases (Bayraktarov et al, 2019). Big
unstructured data, although abundant, typically have a high level of noise to signal ratio which
obscures the signal on real trends (Cunningham & Lindenmayer, 2017). Moreover, data collec-
tion without specified (testable) objectives may not measure the “correct” variables to answer
questions about biodiversity (Bayraktarov et al, 2019).

Population
a. Population size

Establishing population size in exact numbers can be a challenge. Distance sampling
and territory mapping are survey techniques for estimating bird abundance (Bibby et al,
2000; Buckland et al, 2001). But for other, often smaller, animals and plants, it can be
difficult or even impossible to measure the exact population size, even if they occur in
small and closed populations without contact to other populations. As a consequence in the
latest version of the Article 17 reporting for the Habitats Directive, the reporting
unit for many species was changed to 1x1km (DG Environment, 2017). But even then this
can rely heavily on sampling intensity. Where relevant and possible detection probability should
be taken into account, e.g. by occupancy modelling (see for more details the next paragraph).
For pelagic birds, cetaceans and marine reptiles line transect surveys in a regular pattern (e.g.
Panigada et al, 2011) in combination with distance sampling make it possible to get population
estimates of some of the more common species. Aerial surveys proved to be more efficient than
ship surveys, allowing more robust estimates (Panigada et al, 2011). When applying such tech-
niques it is important to take detectability into account. For some cetacean species, mark-re-
capture methods can be applied using photo-identification of recognizable individuals (Evans

& Hammond, 2004). Anyway the power to detect trends in cetaceans is low. Tyne et al. (2016)
showed in a test case with a Spinner dolphin that it would take nine years to detect a 5% annual
change in abundance (with a power of 80%), so if the trend was a decline, the population would
have decreased by 37% prior to detection of a significant decline.

Most of the fish and lampreys listed in the Annexes of the Habitats Directive occurring in the sea
are anadromous (or have anadromous populations), i.e. they migrate between rivers (where they
spawn) and the sea. As there are many barriers in most rivers, migrant fish can be monitored at
those sites.

b. Population trend

Although it can be a challenge to measure the exact population size, there are good
techniques available to measure changes in population size: the population trend. For
population trends regular counts (one way or the other) are the basis. Counts can be

Distance sampling = During a transect walk the
distance to the object is estimated.

Territory mapping = Territories are distinguished
after multiple visits.
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performed by transects, plots, camera-traps etc. It is important that such methods are
harmonised, with each country delivering the same parameters (e.g. the population trend and
the confidence interval), not necessarily standardised: methods may differ in detail (the trend
can e.g. be produced from transect counts in one country, and camera-traps in another country).
The method should guarantee that the results (the trends and their statistical uncertainty) can
be combined for use at a higher (e.g. European or EU) level. In the calculation of European bird
trends (PECBMS: pecbms.info) and butterfly trends (eBMS via ABLE: butterfly-monitoring.net) this
is already incorporated (see also the example in the side box).

This can be achieved by:

»  Ensuring that the protocols are well described and maintained, and can deliver the data
needed.

»  Setting up a method to account for the differences in the results, and combining them at a
larger scale or further back in time (when e.g. new techniques were not yet available).

In this way new techniques and methods can be combined with older, long time-series, thus
enabling a view back into time but still use new innovative techniques. However calibration is
needed when detection probabilities change.

Although statistical techniques offer the possibility to combine many short time-series to
produce a long-term trend (see e.g. Hallmann et al, 2017), the power of monitoring is in long
time-series with regular counts. Such counts are made on sample points, transects or plots (fur-
ther referred to as sample points). Sample points can be arranged in different ways:

» Random: locations are chosen at random, e.g. in the Wider Countryside Butterfly Survey.

»  Grid: locations are in a strict grid. A typical example is the Biodiversity Monitoring Swit-
zerland, where species, habitats and water is monitored in a regular grid. In some areas
(Kantons) the density is higher than in others, because of additional funding. At sea these
can also be a regular pattern of transects (see e.qg. Panigada et al,, 2011).

»  Free choice: participants can choose their own favoured location. As good as always these
will be volunteers, professionals can be directed to random, grid or targeted monitoring
locations.

»  Targeted: monitoring focuses on specific sites, species or habitats, e.g. species mentioned in
the annexes of the Habitats Directive or other (policy) relevant species (e.g. in Flanders).

Random and grid based approaches have the advantage of delivering reliable trends, where no
weighting of stratification is necessary. However rare species or habitats are easily missed and
as a result are underrepresented in the network, and often no trends can be calculated for such
rare species, which often are policy-relevant (e.g. because they are mentioned in the annexes of
the Habitats Directive). Furthermore random and grid-based networks are expensive if counts by

European bird monitoring data:
harmonised, not standardised

For the PanEuropean Common Bird Monitoring Scheme
(PECBMS) coordinators of national bird monitoring
schemes deliver their national results to the PECBMS
coordination unit annually. The data delivered are:

» the national yearly indices per species,

» the all-sites yearly totals (= the sum of birds
counted across all sites per year) and their stan-
dard errors,

» the covariances between the yearly figures.

The method to come to the national data can differ
from country to country (the field methods do not
have to be standardised, some countries apply e.g. the
labour-intensive territory mapping, while others may
use transect counts), but as the national output is har-
monised (all countries deliver the same set of data)
they can be used to calculate European trends.

For more details see pecbms.info/methods/
pecbms-methods



http://pecbms.info
http://butterfly-monitoring.net
http://www.ukbms.org/wcbs
http://www.biodiversitymonitoring.ch/en/home.html
http://www.biodiversitymonitoring.ch/en/home.html
https://www.meetnetten.be
http://pecbms.info/methods/pecbms-methods
http://pecbms.info/methods/pecbms-methods
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people have to be made: volunteers tend to focus on attractive sites, as nature reserves, mean-
ing many points have to be counted by professionals. However for automated methods (e.g.
camera-traps) this is not an issue, even if a large number of potential volunteers is available
(e.g. in the United Kingdom). Automated methods can also be a good alternative for the lack of
volunteers or (funding for) professional experts for less known species groups (e.g. bees), but
these techniques are new and will need some time to further develop. However the first steps on
using camera-traps with image recognition through artificial intelligence (Al) have been made,
and in the coming years these will become more generally available.

Free-choice networks are mostly used in citizen-science based monitoring: volunteers
can choose their own sites. This will lead to an overrepresentation of sites in nature reserves
and urban areas. Such data can be corrected by stratified weighting for the more common and
widespread species, as long as there is enough data from unattractive sites (usually large-scale
agricultural areas). Advantage of this system is that rare and policy relevant species
are favoured, and in general there will be enough sites for those species.

Targeted monitoring, usually by professionals (but not always, see e.g. www.meetnetten.
be), can be an effective way to get population trends of a chosen set of species. It can
be costly (certainly if there are many species and many locations), and strict quality control is
needed, as detection probabilities for many species are so low, that multiple visits during a year
are needed, which is not always done. For species for which the detection probability is known
(e.g. butterflies and dragonflies; Van Strien et al., 2013) we can calculate the minimal number of
visits (in the case of butterflies and dragonflies: at least three per season), and this will be even
more for shy or night-active species (for whom the detection probability will be even lower), for
which often experience and a lot of expert knowledge is needed to find them. Another disadvan-
tage is that only target-species are counted, and trends in other species will be missed.
Also the results cannot be used for community indicators (e.g. Ellenberg indicators in plants).

For the calculation of population trends several techniques are available, usually based on a
Generalized Linear Models (GLM) or Generalised linear mixed models (GLMM) with poisson dis-
tribution, such as TRIM (Pannekoek & Van Strien, 2001, now available as R-package rtrim) and
the Generalized Abundance Index (Dennis et al, 2016).

Joining efforts by creating a central data and information point can be an effective way

to improve the consistency and harmonisation of monitoring methods across the EU. For birds
this was created by the European Bird Census Council, who run the Pan-European Common Bird
Monitoring Scheme (PECBMS) since 2002. Recently the ABLE-project (Assessing Butterflies in
Europe) started, building on the European Butterfly Monitoring Scheme (eBMS) with the ambition
to form a central database for all butterfly and moth monitoring counts in Europe. When this
project is finished in December 2020, there should be butterfly-monitoring in most EU countries.

It would be good to build on these examples and experiences and start up similar
initiatives for other species groups.


https://www.meetnetten.be
https://www.meetnetten.be
https://cran.r-project.org/web/packages/rtrim/rtrim.pdf
http://www.ebcc.info/
http://www.butterfly-monitoring.net
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Species distribution

In general distribution maps (giving the distribution, often in units as 1x1km squares
or 10x10km squares) and distribution trends are not based on systematic counts, but
on opportunistic data. Long-term monitoring schemes provide high-quality data, often on

an annual basis, but are taxonomically and geographically restricted. By contrast, opportunistic
biological records are relatively unstructured but vast in quantity (/saac et al, 2014). With the
growth of online portals, such as ebird.org, observation.org and iNaturalist.org, usually with as-
sociated smartphone apps, next to local and national biodiversity databases (e.g. artportalen.se
or ndff.nl), the number of records has grown almost exponentially in recent years. Some of these
online portals lend their data to gbif.org, the Global Biodiversity Information Facility, which held
1.3 billion records in June 2019. GBIF data is freely available for download for research and
conservation. One of the main flaws is that validation and quality control depends on the da-
ta-source, and as such part of the data can be unreliable. In some countries sharing of distribu-
tion data is not encouraged by the member states, and as a result the data which is available is
limited and divided over several data sources. In other countries holiday records from natural-
ists from other countries could make a considerable difference. Without the uploading of such
records to GBIF, or downloading them from GBIF, a lot of valuable distribution data might not be
used. The EU could play a role in encouraging all member states to make distribution
data available via GBIF.

Distribution data tends to be presence/absence (or better: detection/not detection). Although
part of the data can be real counts, without a protocol or clear method description, such counts
cannot be used easily for (range) trends. /saac et al. (2014) compared a set of methods that
employ data filtering criteria and/or correction factors to deal with variation in recorder activity.
They found that simple methods produce biased trend estimates, and/or had low power, and
should be avoided. No method was wholly unaffected by all forms of variation in recorder activ-
ity, although some performed well enough to be useful. Sophisticated methods that model the
data collection process offer the greatest potential to estimate timely trends, notably Frescalo
and occupancy-detection models (see /saac et al, 2014 for more details).

It should be noted that especially the most sophisticated models for distribution trends
are also ‘data-hungry’ and require a lot of input. Next to that there is a minimum quality of
visits required. Ideally participants record all species of a species group. This works well in some
species groups (e.g. butterflies), but fails in other species groups, most notably birds, where re-
corders usually don’t have the habit of producing complete species lists. Future sampling therefore
should concentrate on ways of enhancing the quality of species lists per visit.

In some countries bird atlases have been produced following strict protocols (e.g. Schekkerman
et al, 2012), which allow estimates of the population size as well as for comparison between
periods and thus establishing species distribution trends. However such atlases are very la-
bour-intense and only possible in a limited number of counties and species-groups.

From observations to distribution map to
trends in distribution: the Netherlands as
an example

Distribution data is collected in different ways. To
illustrate the magnitude, we will give an example using
the information available on the Grayling (Hipparchia
semele) in the Netherlands in 2017. Here this is a char-
acteristic butterfly of dry heathland and coastal dunes.

Targeted data collection, following a protocol:

Repeated surveys: every six years almost all nature
reserves (including all Natura 2000 areas) are investi-
gated by professionals on the distribution (at least on a
100m scale) of a group of species (birds, plants, and a
selection of butterflies, dragonflies and grasshoppers).
1490 records of the Grayling were recorded in 2017
under the SNL-protocol.

Population monitoring: following a strict protocol for
population monitoring by volunteers, this also gener-
ates distribution data. 407 counts of the Grayling were
recorded in 2017 for population monitoring. Targeted
distribution research, especially for rare and/or hard to
detect species, often on the Habitats Directive. As the
Grayling is not on the Habitats Directive, no records
were collected in the Netherlands under this project.

Opportunistic records: almost all occasional observa-
tions in the Netherlands are entered via one of the on-
line portals (waarneming.nl, telmee.nl), most of them via
a smartphone-app. In 2017 the Grayling was recorded
on 2425 occasions as single opportunistic record.

After validation all observations are included in the
National Database Flora and Fauna (NDFF). Validation
is based on the following principles:

Automatic validation: all records run through a script
which checks for distribution (is the observation at or
near a known location), time of year (does this species
occur in this stage in this time of the year) and ...


http://ebird.org
http://observation.org
http://iNaturalist.org
http://artportalen.se
http://ndff.nl
http://gbif.org
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Figure 1.2
Grayling (Hipparchia semele). © Chris van Swaay, De
Vlinderstichting/Dutch Butterfly Conservation.

... numbers (are the numbers within the normal range
for the species). If one of the features has declined,
the observations go to an expert validator. All very rare
species are also validated by an expert.

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

For anadromous fish and lampreys, often recorded only in a few localities in the river systems,

e.g. the spawning grounds or at fish passes, the complete migration route in the rivers from If there is proof entered with the observation (e.g. a
the mouths in the sea to the highest know stretches should be included in the distribution (DG i photo or sound recording), part of them go through
Environment, 2017). Al-based image-recognition. This does not work for

all groups yet, but the quality is improving. If there is
no match between the identification entered by the
observer and the outcome of the image-recognition,
the observation goes to the expert validator. In case
of any other doubt, the observation also goes to the
expert validator.

Range and range trend are special cases of distribution and distribution trend, as they are
based on 10x10km grid cells. Range is defined as ‘the outer limits of the overall area in which
a habitat type or species is found at present’ and it can be considered as an envelope within
which areas actually occupied occur. The range should be calculated based on the map of the
actual distribution using a standardised algorithm. A standardised process is needed to ensure
repeatability of the range calculation in different reporting rounds (DG Environment, 2017). The

method for compiling range and range trend is described in detail in DG Environment (2017). The expert validator checks the observations which
Advantages and disadvantages are comparable to other measures of distribution and distribu- were declined by the automatic validation or with pho-
tion trend. tos which were declined.

The expert validator contacts the observer in case of
disagreement or doubt. In most cases of wrong iden-
tification the observer follows the advice of the expert
validator and changes the identification.
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Habitat for species

F SPECIES AND HABITATS

A species needs a sufficiently large area of habitat of suitable quality and spatial
distribution to survive and flourish. To measure it we should take into account (DG Environ-

ment, 2017):

»  physical and biological requirements of the species; this includes prey, pollinators, etc;

» all stages of its life cycle are covered and seasonal variation in the species’ requirements is

reflected.

Monitoring the size, quality and spatial arrangement of the
habitat of a species is not only difficult, but also subject

to changes in the species’ preferences: as a result of
climate change some species have changed their habitat
preferences and widened or narrowed down their range of
preferred habitats. Although in some cases vegetation can
be used as a proxy for habitat quality, this often neglects
other requirements of species, i.e. food, shelter, interac-
tions with other species, etc.

As a consequence of the difficulty in measuring habitat
quality and -area for a species, in the previous reporting
for Article 17 (European Environmental Agency, 2015) only
15% of the combinations of species, member state (MS)
and Biogeographical Region (BGR) is reported as coming
from a complete survey or statistically robust estimate
(Figure 1.3).

Number of species-MS-BGR combinations
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Insufficient orno  Estimate based mainly Estimate based mainly =~ Complete survey
data available on expert opinion with on extrapolation or a statistically
very limited data from a limited robust estimate

A Species Distribution Model (SDM) can be a way to combine requirements. Such explanatory
modelling assess the availability of habitat for a species. This is discussed in more detail in

chapter 4 (Modelling approaches).

I.2.2 Habitat types

This subchapter gives an overview of sampling strategies and data analysis methods that are/
can be used for the monitoring of the habitat types of Annex | of the Habitats Directive.

Habitat typologies

There is an interpretation manual of the European Union Habitats (EU, 2013). This manual forms
the basis for all habitat classification and is regularly updated, e.g. with the expansion of the EU
Member States. Although there is this common habitat typology, the interpretation of
the habitat types of Annex | of the Habitats Directive differs per Member States and

even within a MS (Evans, 2010).

Figure 1.3

Assessment of habitat quality and area for non-bird
species in the article 17 reporting of 2013-2018
(European Environmental Agency, 2020).



MONITORING OF SPECIES AND HABITATS

15

For the Habitat Directive Article 17 reporting information is needed on the area (status and
trends), the distribution (status and trends) and the structure and function or ‘quality’ of the
habitat types on national and biogeographical level. For site management and protection similar
but more detailed information is needed on these parameters.

Lengyel et al. (2008b) compared the different approaches and methods applied by MS to moni-
tor habitat types, based on the descriptions (meta data) of habitat monitoring schemes collected
within the EUMON-project and stored and maintained in the EUMON database. Lengyel (2008a)
sees promising developments in habitat monitoring, amongst others that most schemes monitor
distribution and species composition of habitats as well environmental parameters. The main
weakness is that in more than half of the schemes it is not clear how the collected data are
analysed as this is not described in the monitoring schemes. Advanced statistics may be used
infrequently because in most schemes sampling sites are selected based on expert/person-

al knowledge rather than predefined criteria derived from a sampling theory. Lengyel (2018)
pleads for benchmarking of monitoring of species and habitat types. By means of sharing and
comparing different data and sampling analysis techniques e.g. between the Mem-

ber States or site managers one can learn from each other and step by step improve
these methods and possibly qualify or certify methods. As explained in the former chapter
on species, it is not necessary to use the same methodologies as long as the protocols are well
described and lead to a similar outcome that can be compared.

Since 2008 developments have been made by the MS in habitat monitoring, but an extensive
review of the current state of the art is missing. Ellwanger (2018) made a more recent com-
parison between the monitoring approaches of a selection of MS and concludes that there are
considerable differences in terms of data sampling (e.g. sampling size) and data analysis (e.g.
statistical robustness).

Habitat area

Habitat area is often monitored based on repeated/ sequential habitat mapping.
Different approaches for habitat mapping are used, varying from field mapping to the
interpretation of aerial photographs and automated classification of remote sensing
imagery. Often a combination of different methods is applied depending on the habitat type

or group of habitat types. The Czech Republic for example have interpreted Habitats Directive
Annex | habitats by the national system of biotopes and carried out an extensive field mapping
of the entire Czech Republic in the fine-scale 1:10.000 (Guth & Kucera, 2005). A large amount
of field data was collected of all biotopes, mainly about their distribution, spatial dimensions,
and qualities.

Due to differences in the interpretations e.g. in the field or of the aerial photographs, trends

in habitat area are often difficult to assess or uncertain and inaccurate. As Lengyel (2008a)
concludes the information on how the data is analysed (meta data) to derive trends in
area of habitat types is often missing in the national report of the MS. Therefore the


http://eumon.ckff.si/summary.php
http://eumon.ckff.si/monitoring/search.php
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uncertainty of the trends is unclear. A system with qualifiers as is being used by IPBES might
be applied, but it requires transparency in the methods being applied by the different member
states. It is up to the Member State to indicate the quality class without further information.

Remote sensing techniques might offer means to harmonise the data collection on the area and
as well the distribution of habitat types as these methods are (partly) automated and can be
standardised to a certain extent. Not all habitat types can be that easily detected by means of
remote sensing so field work is often necessary.

Habitat distribution

Habitat distribution is estimated based on mapping as well as modelling. The problem
is that habitat maps are often only available of a selection of sites and not on a national or bio-
geographical scale. Habitat distribution modelling can give a more complete estimate of habitat
distribution (see chapter 1.4).

Habitat structure and function

Structure and function is the key aspect for the assessment of the conservation
status of habitat types as it provides information on the ‘quality’ of the habitats
(Ellwanger et al, 2018).

The assessment of habitat quality according to the requirements of the EC is based
on the criteria habitat structures, habitat functions and typical species. Structures

are considered to be the physical components of a habitat type. These will often be formed by
assemblages of species (both living and dead), but can also include abiotic features, such as
gravel used for spawning. Functions are the ecological processes occurring at a number of tem-
poral and spatial scales and they vary greatly between habitat types. Typical species are those
which mainly occur in a habitat type or at least in a subtype of a variant of a habitat type (DG
Environment, 2017). The species composition of a given habitat type may vary geographically.

Individual attributes or sub-criteria have to be selected for each habitat type to as-
sess habitat structure and function (habitat quality). The data collected on the different
criteria and/or subcriteria of the aspect structure and function needs to be aggregated and
weighted (similar to the final assessment of the conservation status of a habitat type).

Ellwanger (2018) concludes that most of the monitoring approaches (of the MS included in his
study) for assessing the structure and function of habitat types are based at least partially on
sampling. The number of sampling areas depends on the occurrence of the habitat type (rare vs
widespread) and other ecological and methodological factors, as well as efforts and costs. Each
MS selects the sample plots differently. Overall, most MS conduct at least a partly systematic
selection based on the distribution, the size (area) and characteristics of habitat types and/or
other factors. Most MS used permanent plots, include area within and outside the Natura 2000
network and have standard assessment schemes.
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None of the MS included in the study of Ellwanger (2018) made a statement on theoretical
statistical strength of the samples for monitoring. This corresponds to what Lengyel (2008)
concluded ten years before. There is a lack of a proper description of the data collection and
analysis protocols that are used and on the certainty the information derived from these data.

a. Typical species

Concerning the typical species most MS investigate plant species only (E//wanger,
2018), most probably because plants are quite easily linked to habitat types (the
habitat typology is heavily based on plant communities), whereas for fauna species

it is much more difficult. Some fauna species depend on more than one habitat type (e.g. for
breeding, foraging, resting etc.) which is much more difficult. In case animals species are in-
vestigated the most frequently, used animal groups are birds, butterflies and beetles.
This is probably due to the fact that these species groups are relatively easy to de-
tect and recognize and often observed by large volunteers networks. In The Netherlands
a method has been developed to assess structure and function of habitat types based on trends
in the distribution of typical plant species (Janssen et al, 2020).

b. Aggregation methods

There are different approaches for the aggregation of the data (assessment criteria)
for the purpose of structure and function assessments. For each habitat type an assess-
ment needs to be performed of the area (km2) in good condition. As the condition is defined by
different sub-parameters there should be a weighing between these sub-parameters as well

a threshold for good condition. Measurements are being made at single plot and at site level.
These measurements need to be aggregated on the level of a bio-geographical region. Different
approaches are being followed by the Member States.

.3 Observation technologies

This chapter focuses on innovative techniques for the observation of species and
habitat types. It is not meant to be complete. A selection of techniques has been made
and examples are given for certain species and habitat types. There is no description on data
collection and analysis techniques in this chapter as this has been described in chapter 2, but
different type of observations might require different sampling and data analysis methods. The
costs of the different techniques are missing in this chapter. A lot of these techniques are still
being developed (e.g. the automated detection of species on images) and therefore more experi-
mental, which makes it difficult to estimate the costs of an operational system.
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i Monitoring the Eurasian otter by means of
1.3.1 Species : DNA analysis of faeces (spraints)

i Population size of European otters (Lutra lutra) was
DNA sampling © estimated in Pollino National Park (southern Italy) by
DNA barcoding is a method of species identification using a short section of DNA from a specific i genetic typing of fresh feces collected in the field.
gene or genes. A distinction can be made between destructive DNA sampling, where the i Of 187 fecal samples gathered, 185 (98.9%) yielded
species are sampled and identified in a destructive way (Yu et al, 2012; Ji et al, 2013) i otter DNA, 77 (41.2%) were successfully typed, and
and non-destructive sampling where samples are collected from the environment of 23 different genotypes were identified. A nonlinear
the species called environmental DNA (eDNA). eDNA - defined here as: genetic material regression between the number of typed spraints and
obtained directly from environmental samples (soil, sediment, water, etc.) without any obvious ¢ the cumulative number of identified genotypes was
signs of biological source material - is an efficient, non-invasive and easy-to-standardize sam- i repeated after randomization of the sample until it
pling approach (Thomsen & Willerslev, 2015; Baird et al, 2012). Environmental DNA has been i gave an estimated otter population of 34-37 animals
obtained from ancient as well as modern samples and encompasses single species detection i (0.18-0.20 otters/km of watercourse). The applied
to analyses of ecosystems. In the future, we expect the eDNA-based approaches to move from method represents a valuable conservation tool, com-
single-marker analyses of species or communities to meta-genomic surveys of entire ecosys- bining the advantages of an indirect survey with the
tems to predict spatial and temporal biodiversity patterns (Thomsen & Willversev, 2015). This i accuracy of an exhaustive census (Prignioni, 2006).
technique is being used for different species groups (Bohman et al, 2014; Rees et al., 2014). i
In case the monitoring is focused on a single species e.g. rare withdrawn or nocturnal species, The last recorded presence of the Eurasian otter
information can be collected from faeces, feathers, eggs, hairs etc. An example of this is the . (Lutra lutra) in the Netherlands dates from 1989 and
Eurasian otter (see side box). : concerned a dead individual. In 2002 a reintroduction

programme was started, and between June 2002 and
Camera Trapping : April 2008 a total of 30 individuals (10 males and
A camera trap is a remotely activated camera that is equipped with a motion sensor or an i 20 females) were released into a lowland peat marsh
infrared sensor, or uses a light beam as a trigger. Originally camera traps were mainly used to in the north of the Netherlands. Noninvasive genetic
study relatively large animals (e.g. birds and mammals) for studies of nest ecology, detection i monitoring based on the genetic profiles obtained
of rare species, and estimation of population size and species richness. Rovero & Zimmermann i from DNA extracted from otter faeces (spraints)
(2016) provide a guide to the use of camera trapping for the most common ecological applica- was chosen for the post-release monitoring of the
tions and research. At present cameras are being developed to ¢ population. To this end, the founding individuals were

monitor small mammals and other species groups (Hobbs et
al, 2017).

genotyped before release and spraints were collected
in the release area each winter from 2002 to 2008.
During winter 2007/08 47 individuals were identified,
41 of which originated from mating within the release
area. This study demonstrates that noninvasive
molecular methods can be used efficiently in post-re-
lease monitoring studies of elusive species to reveal a
comprehensive picture of the state of the population
(Koelewijn et al., 2010).

Acoustic monitoring

Passive acoustic monitoring, or just ‘acoustic monitoring’,
involves surveying and monitoring wildlife and environments
using sound recorders (acoustic sensors). These are deployed
in the field, often for hours, days or weeks, recording acoustic
data on a specified schedule. After collection, these record-
ings are processed to extract useful ecological data - such
as detecting the calls of animal species of interest — which

is then analysed similarly to other types of survey data
(Browning et al,, 2017). Acoustic sensors are small, increas-
ingly affordable and non-invasive, and can be deployed in the

Figure 1.4
Otter (Lutra Lutra) © Hugh Jansman from Wageningen
Environmental Research (WENR)
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field for extended times to monitor wildlife and their acoustic
surroundings. The data can then be used for estimation of
species occupancy, abundance, population density and com-
munity composition, monitoring spatial and temporal trends in
animal behaviour, and calculating acoustic proxies for metrics
of biodiversity. Provided the challenges of data analysis are
addressed carefully, this can make acoustic sensors valuable
tools for cost-effective monitoring of species and ecosystems
and their responses to human activities (Browning et al,
2017). Examples of acoustic monitoring are the monitoring of
bats and the monitoring of sea mammals.

.3.2 Habitat types

Remote sensing

There are several scientific studies available that propose
habitat monitoring methods based on remote sensing (see
chapter A.ll on Remote Sensing Techniques) (Van den Borre et

al, 2011; Corbane et al, 2014; Nagendra, 2013; Lucas et al, 2015).

.4 Modelling approaches

This chapter focuses on modelling approaches by means of which relevant information can be
extracted on several aspects of the conservation status of species and habitat types. This chap-
ter specifically focuses on species and habitat distribution modelling.

4.1 Definition of modelling

Models are a more and more popular way to describe the relationships between a species'
distribution and/or trend, and the underlying drivers. Practically a model is a set of mathemat-
ical equations or logical rules that link a biodiversity variable of interest to one or more other

variables e.g. environmental drivers (Ferrier et al, 2017).

Explanatory modelling

Explanatory modelling is conducted across space alone, at a single point in time (usually the
present). Explanatory modelling of correlations, or associations, between a biodiversity-response
variable observed at a sample of geographical locations, and a set of predictor variables mea-
sured, or estimated, at these same locations, can help to shed light on the relative importance
of different drivers in determining spatial patterns in biodiversity, and on the form (shape) of
these relationships. The fitting of correlative species distribution models (SDMs) relating obser-

Figure 1.5
Example of a camera trapping set-up. (From www.marine-
terrein.nl/insecten-tellen-met-een-slimme-camera).

Monitoring invertebrate with camera
traps and automatic image

Recent developments also include the use of camera
traps to detect and count insects after identifying
them via automatic image recognition. Although still
in a testing phase, this new development could make
it possible in future to monitor flying insects outside
the relatively well-studied groups as butterflies and
dragonflies, for which sound methods and many
volunteers are available. In the Netherlands Naturalis
Biodiversity Centre, EIS and the Radboud University
are developing together with COSMONIO Imaging

BV and with advise of Waarneming.nl (see www.
waarnemingen.nl) such a system. One of the goals is
to monitor the biomass of insects based on the counts
of certain species.


http://www.waarnemingen.nl
http://www.waarnemingen.nl
https://www.marineterrein.nl/insecten-tellen-met-een-slimme-camera/
https://www.marineterrein.nl/insecten-tellen-met-een-slimme-camera/
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vations of presence, presence-absence, or abundance of a given species to multiple environ-
mental variables (e.g., climate, terrain, soil, land-use variables) is probably the best known, and
most widely applied, manifestation of such data analysis (Ferrier et al, 2017).

Predictive modelling

The use of modelling to predict potential changes in biodiversity into the future as a function of
ongoing impacts of environmental drivers (e.g. climate and land-use change), is called predictive
modelling. Such modelling poses special challenges, as there is usually considerable uncertain-
ty associated with the future trajectories of relevant environmental drivers, which themselves
will be affected by socio-economic events and decisions that are yet to occur, and are therefore
highly unpredictable. These uncertainties are often addressed through the use of scenarios, i.e.
multiple plausible trajectories from environmental drivers, that account for the reality that not
just one, but many, futures are possible (van Vuuren et al, 2012). Model-based biodiversity pro-
jections under plausible scenarios of change in key drivers can contribute significantly to policy
agenda setting, by helping to characterise and communicate the potential magnitude of ongoing
change in biodiversity, and therefore the need for action. By extending scenarios to further
consider the effects of alternative policy or management interventions, such projections can also
play an important role in decision support, i.e. helping policy-makers, planners and managers to
choose between possible actions for addressing the problem at hand, by modelling the differ-
ence that each of these alternatives is expected to make to projected outcomes for biodiversity
(Cook et al. 2014; Ferrier et al, 2017).

1.4.2 Species distribution modelling

Species distribution modelling (SDM) uses computer algorithms to predict the distribution of a
species across geographic space and time using environmental data (wikipedia.org). Further-
more it generates functions or graphs to describe the relationship between the occurrence of
the species and the environmental variable. Environmental data almost always includes climatic
variables (e.g. temperature, precipitation) as well as other variables such as soil, land cover and
pressure variables (e.g. Nitrogen deposition). These models can help to understand how
environmental conditions influence the occurrence or abundance of a species, as well
as for predictive purposes.

After building an SDM they can be used as predictive models, e.qg. for species’ future distribu-
tions under climate change scenarios (for birds: Huntley et al, 2007, for butterflies: Settele et al,
2008; for bumblebees: Rasmont et al, 2015). The Bioscore program is another example (Hen-
driks et al, 2016). BioScore 2.0 is a model which supports the analysis of potential impacts of
future changes in human-induced pressures on European terrestrial biodiversity (e.g. mammals,
vascular plants, breeding birds and butterflies).

Models

In general models are developed using data available
from the (recent) past. Such models describe the
relationship between variables (e.g. environmental
pressures) and population size, distribution or trend
of a species. Such models are called explanatory
models (Shmueli, 2010).

Once such explanatory models have been developed,
and the relationship of interest is known, as are
observed or estimated values of the relevant predictor
variables, these can be combined to predict previously
unknown values of the biodiversity-response vari-
able. Such models are called predictive models
(Shmueli, 2010). A typical example of such predictive
models are those describing the expected future tem-
peratures under several climate scenarios.


http://wikipedia.org
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Building SDMs relies on data. The type of data determines the outcomes and risks. Jetz et al.
(2019) give an overview of the effects of different types of raw data to build SDMs for Essen-
tial Biodiversity Variables (EBVs). They distinguish three major data types (incidental records,
inventories over small or large areas and expert synthesis maps) which differ in spatiotemporal
scope, in taxonomic scope, in the quality of the presence (+) and absence information (-) that
they provide and in spatiotemporal specificity, which in turn determine the key characteristics
that they can inform.

Although monitoring data has the advantage of generating spatiotemporally very reliable data
as well as useful absences, they often represent small localities (e.g. plots, transects) and are
heavily based towards relatively small parts of the world. As a consequence SDMs are usually
based on either opportunistic incidental records or on atlas distribution data (e.g. Hagemeijer &
Blair, 1997 for birds; Kudrna et al,, 2011 for butterflies).

Several methods have been developed for building SDMs. Most of them are available as R-pack-
age (e.g. dismo, TRIMmaps and Biomod2). Maxent is a standalone program especially useful for
incidental records.

SDMs are especially useful to establish the area and quality of habitat for a species
(as required in the Article 17 reporting).

1.4.3 Habitat distribution modelling

Habitat distribution models are similar to species distribution models, namely predictive models
based on hypotheses as to how environmental factors control the distribution of habitats.
Guisan & Zimmermann (2000) present a review of predictive habitat distribution modelling. A
variety of statistical models is currently in use such as Generalized Linear Models to Classifi-
cation Tree and Regression Tree. The spatial distribution is simulated of respectively terrestrial
plants species, aquatic plants, terrestrial animal species, plant communities, vegetation types,
plant functional types, biomes and vegetation units of similar complexity.

Guisan & Zimmerman (2000) consider the following four main sources of environmental data
(to predict habitat distribution):

» field surveys or observational studies
»  printed or digitized maps
» remote sensing data

» maps obtained from GIS based modelling procedures


https://biodiversityinformatics.amnh.org/open_source/maxent/
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An example of habitat distribution modelling are the distri- ~  ®°°cccceessseeerseceeaccceeccccccacccsccaccccocccscecccees Figure 1.6
bution maps of the EUNIS grassland types developed by the
European Topic Centre Biodiversity (2018). Based on in situ
vegetation relevés in combination with environmental data
layers habitat suitability maps are modelled with MAXTENT
(see figure 1.6). These habitat suitability maps are refined with
the help of Copernicus land cover data and remote sensing
enabled Essential Environmental Variables (see figure 1.6).

Classification of in-situ vegetation relevés to

EUNIS habitat types Flowchart of the methodology implemented to obtain hab-

itat probability maps (European Topic Centre Biodiversity,
2018).

Habitat
Suitability
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In-SITU habitat
type
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Some key topics that determine the limitation of distribution Refinements -
models according to Guisan and Zimmermann (2000) are the W'ttg ';?tud;ta PN Probability
accuracy and resolution of input maps, biotic interactions, situation (FESB'VETE‘;d Maps (20m)
causality, evaluation data, historical factors, response curves, phenclogy)

sampling design, spatially explicit uncertainty assessment and
spatial autocorrelation.

Habitat modelling is rapidly developing with very detailed spatial data such as COPERNICUS
becoming available for modelling purposes (www.copernicus.eu/en/services).

1.5 Key findings

In this chapter the key findings in terms of monitoring and possible improvements of
monitoring for the purpose of the implementation of the Birds Directive and Habitats
Directive are described. These are based on a desktop survey and stakeholder consultation.
First the limitations for species and habitat type monitoring are explained. Second a selection is
made of best practices (not exhaustive) as an example on how the monitoring can be improved.
Third a future outlook is given on the next steps to be taken to improve current monitoring and
how the scientific community can contribute to this improvement.

I.5.1 Best practices / examples

Smart sampling and data analysis

Good data and statistically robust trends require a serious investment of time and money.
Depending on the culture in a country (in some countries the view on the use of volunteer data
is very different than in others, see Bell et al. (2008)) and the availability of resources (either
time or money) each country has to make its own decisions. Methods don’t necessarily have

to be standardised, as long as they are scientifically sound and published in a peer-reviewed
journal. New recent developments (e.g. occupancy modelling and Species Distribution models)
offer new possibilities, but methods tend to be centred either around volunteer-based and
professional-based solutions.


https://www.copernicus.eu/en/services
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Volunteer-based

For collecting species distribution-data (so also range-data, which is a special case of
distribution-data) with volunteers, a user-friendly database, website and smartphone-app has
to be setup, either nationally or by joining one of the major international ones (as iNaturalist.
org, eBird.org or observation.org). The latter have the advantage that no extra investments are
needed, as they are often already multilingual. However not all countries want their national
distribution data to be shared on an international open platform.

Once such volunteer-based system has been set up with enough participants, opportunistic
distribution data is fairly simple to collect via these online portals and/or GBIF. Such data will
provide distribution maps of species. If enough data is available, occupancy modelling is the
best approach to produce trends on the distribution (or range) of species (/saac et al,
2014).

For population size and trends protocols have to be described and implemented into a
sampling scheme. Most efficient are targeted designs, in which only target species are moni-
tored following a protocol which can be different for each species. A power-analysis will make
clear how many sampling points are minimally needed to be able to detect trends. If there

are enough volunteers, the step to the monitoring of whole species-groups will provide more
information on the nature of trends in the target species. This however requires a long term
investment in volunteer participation. As volunteers are often organised around organisations for
their species-group, a monitoring scheme built around species-groups can be an efficient way

to monitor also non-target species, allowing a better overview of changes in biodiversity and
offering analysis data to study underlying causes.

For birds and butterflies central European information points are available, which can be a
great help in starting up population monitoring, both volunteer- and professional-based. Such in-
formation points can act as catalysts, and could be of great value for other species groups as well.

Habitat parameters are hardly ever monitored in volunteer based systems, although data on
typical or characteristic species collected by volunteers, can be the basis of models which can
provide robust data on changes in habitat quality.

Professional based

Collecting distribution and range data for relatively rare species and habitats is fairly
straightforward by visiting each relevant site at regular intervals. However detection probability
can be an issue, as an absence of a species is in fact a non-detection. Van Swaay & Van Strien
(2015) show that in Dutch butterflies detection can vary between 40 and 80%. This means that
for most butterfly species at least three visits are needed in a year to establish a significant
absence (with p<0.05). This will apply even more for species (e.g. other insects, mammals, but
also marine animals) with an even lower detection probability. Furthermore such a method
will probably miss new established species or sites, as it tends to focus on known
sites. For widespread species a random of regular grid can be applied to measure changes in

Current limitations

»

»

»

»

»

First of all funding of long term — national

— monitoring systems are required in order

to develop a robust monitoring system for the
purpose of better implementation of the Birds
Directive and the Habitats Directive. In addi-

tion trained staff is needed. Another important
aspect is the capacity and possibility to involve of
expert-volunteers (citizen science). These aspects
should influence the decision to be made on the
general approach and priorities.

Monitoring guidelines from the EC providing
e.g. sampling designs, sampling sizes and
data analysis methods are lacking at the
moment (Ellwanger, 2018). Therefore the MS

are interpreting the current guidelines differently.
Simple minimum requirements regarding sampling
sizes and assessments methods for biogeograph-
ical region between MS should be agreed upon
(Ellwanger, 2018).

Infrastructure both in terms of organisational and
technical aspects can be a limiting factor as well

(see chapter A.lll Access to data and Information).
The access to data, tools, scientific publica-

tions for certain stakeholders is limited and
might be improved.

Recent observation technigues e.g. remote sensing
(cross link with theme data and information ac-
cess of this handbook) might offer opportunities to
improve the current monitoring, but the stake-
holders such as site managers often have no
access or lack the necessary data, computing
capacity, standardising analysing tools and
specific knowledge.

Although in many cases there are good descrip-
tions and experiences of decent methods to ...


http://PECBMS.org
http://butterfly-monitoring.net
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their distribution. Based on those results Species Distribution Modelling (SDMs) can be used to
calculate the distribution.

Applying occupancy modelling on data collected by professionals to establish the distribution
trend will often be impossible, as these models require a lot of repeated visits. The results of
sampling in targeted locations (relatively rare species) or sampling points in a regular or random
grid (widespread species) can deliver information to establish the distribution trend. If enough
(historic) parameter data is available, then SDMs for different periods can fill the gaps and can
provide the data needed for the calculation of the distribution trend.

For rare species population size can be established by species-specific methods, e.g. mark-re-
capture, territory methods, or from distance sampling. For more widespread species this will be
as good as impossible. If the population size is reported by 1x1km gridcells, it is also needed to
visit all (potential) sites for each species. If enough data is available, as well as parameter data
for SDMs, then those can be used to estimate the distribution in 1x1km cells.

For population trend the same applies as with volunteer based methods: a strict monitoring
protocol has to be applied, which can be different for each species. For enough statistical power, a
minimum number of sampling points is needed, depending on the variation of counted numbers.

For the habitat types a combination of sequential mapping (time consuming) supported by
remote sensing techniques (cross link theme remote sensing in this handbook) and smart sam-
pling strategies is recommended. Trend analysis for calculating trends in area and distribution
ideally should be based on a statistical analysis in order to get figures on the uncertainty of cal-
culated trends. The assessments of structure and functions might be harmonised by developing
common indicators based on e.qg. species composition (e.g. trends in the distribution of ‘typical
species’ per habitat type per biogeographical region).

Observation technologies

The development of observation technologies offers opportunities for more efficient and non
invasive monitoring. It might also give more insight on the connection between different levels
of biodiversity such as the species level (e.g. species traits), community level or landscape level
(e.g. ecosystem functions) e.g. by means of eDNA sampling.

Depending on the species and/or habitat group different types of observation techniques are
suitable. Monitoring guidelines might include an overview of these techniques.

Observation techniques need to be operational before applied by practitioners. This requires a good
cooperation between technicians, scientists and practitioners. By means of a platform (see chapter
Allll Access to data and Information) experiences, best practices and new tools can be exchanged.

Modelling approaches
Species distribution modelling (SDM) can be an approach to get quantitative information on
habitat quality and trends (and distribution, see above). However such models rely on input data,

.. measure size and trend of species and habitats,
a major limitation can be the will of mem-
ber states to implement such methods. They
require either enough funding to let profession-
als do the counts or measurements, and/or the
investment of time and money in a long term
volunteer network in co-operation with NGO’s and
other organisations and institutes. Without either
of those, that is the major limitation in delivering
reliable figures on numbers and trends.
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which can differ from country to country. That makes it difficult to harmonise such models. Al-
though methods for computing SDMs are available, they still require a large computational input
and knowledge as well as regularly updated parameter information.

Parallel to the SDMs, habitat distribution modelling (HDM) can be a good approach to improve
information on the status and trends in habitat distribution and quality (e.g. trends in species
composition). This requires a further harmonisation of the interpretation of habitat types be-
tween MS including the indicators used to assess structure and function (quality). Idem dito as
with the species distribution modelling the success relies heavily on input data.

I.5.2 Future outlook

It is clear that there are many new developments in terms of approaches, methods and tech-
nologies that might lead to an improvement of the current monitoring practices for the purpose
of the implementation of the BD and HD, but that the uptake of these new tools seems limited.
The underlying information on current monitoring activities of the MS for the purpose of e.q.
reporting (article 12 BD and Article 17 HD) is only partly accessible (no documentation or in
different languages and in grey literature).

» More insight in the different approaches and methods of the MS is required in order
to give a good overview of the state of the art in terms of methods that are actually applied.
See Annex 1 for a comparison of different methods for the monitoring of habitat types ap-
plied by the MS’s. Currently this information is only partly accessible. The EUMON database is
a starting point, but it isn’t complete, not fully updated and the information is limited.

» Bench marking of current monitoring activities of the MS as suggested by Legyel
(2018) might give a better insight and improve the monitoring of species and habitat types.
This would require a proper description of the current monitoring schemes, including sam-
pling design, sampling size and the data analysis.

» Harmonization of biodiversity indicators and a common framework of Essential
Biodiversity Variables (EBVs) for the data to be collected, as being developed within
GEOBON might improve the efficiency and effectiveness of monitoring activities on different
scale levels.

» Further developments in observation techniques might provide more efficient
methods for data collection on these EBVs. In combination with the developments in
modelling techniques (Big Data) this might offer more opportunities as well to harmonise
the data analysis on different scale levels (e.g. national level and EU level).

This handbook is focused on the improvement of data and information for the implementation
of the BD and HD, but a broader focus might be required as there are many related biodiversity
conventions e.g. the Convention of Biological Diversity (CBD), Ramsar, Bonn, Bern etc that ask for
similar information. The reporting formats of these conventions might be harmonised as well.
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Annex |. Monitoring of natural habitats

Comparison of national monitoring schemes to assess the conservation status
of natural habitats in accordance with Article 11 of the Habitats Directive in EU
Member States

This analysis was intended to compare different approaches to the implementation of Art. 11
of the Habitats Directive regarding the national schemes of natural habitats monitoring. It is
planned to publish this assessment in Eurosite Management Toolkit (mpg.eurosite.org) and
maintain it as an interactive on-line survey, updated by conservationists and site managers
depending on the development of monitoring schemes in their countries.

The presented assessment was conducted basing on the analysis of publicly available sources,
collected from available national monitoring services, public reports and scientific articles. It
was enriched with data from surveys completed by Anne Schmidt and John Janssen (for the
Netherlands) and Wojciech Mrdz (for Poland) on the basis of their personal experience in the
development of monitoring methodology in these countries. Additionally, a general overview
by Ellwanger et al. (2018) was a valuable source of information on Germany and the other

13 Member States.

The attached table contains data for 9 countries where independent natural habitats Art. 11
monitoring scheme are carried out, and for which the publicly available data allow such com-
parison. Note that in the case of the Netherlands there’s no exact independent scheme but it
is based on other programmes (vegetation mapping and a permanent plot grid). It should be
also emphasized that presented data can be outdated (e.g. referring to the previous monitor-
ing period) and present only the general shape of these monitoring programmes which can be
differentiated for particular habitat groups. Therefore, it should be seen as a first glance at the
situation in the various Member States. It could also rule out other valuable data sources that
are not presented on the national monitoring websites and available reports. All the collected
data concern only the monitoring and assessment of natural habitats listed in Annex 1 of the
Habitats Directive. Data on populations of species listed in Annex 2 HD and their habitats are
not included.

Anyway, taking into account the mentioned limitations of this analysis, we tried to formulate
some general remarks in order to get an overview of the current state of HD Art. 11 monitoring
and also to suggest possible actions that could improve the harmonization of these pro-
grammes on a European scale.

Main results of the analysis:

» only 8 out of 27 Member States have successfully implemented the independent Art. 11
natural habitat monitoring scheme;,


http://mpg.eurosite.org
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» the existing schemes vary greatly in the number of plots, sampling pattern and approach to
assessing the conservation status of habitats, e.g. Favourable Conservations Status (FCS)
thresholds, analysis of habitat structure and functions. Moreover, the approaches to analys-
ing habitat changes are quite different in all countries;

» there are different approaches to syntaxonomy and various abundancy scales are used
(Braun-Blanquet, Tansley, percentage);

» differences in sample size and sampling pattern, different phytosociological approaches,
make it difficult or even impossible to compare and analyse raw vegetation data between
any of these countries.

»  existing monitoring schemes are not directly linked to and integrated with the data from
other project and initiatives (e.g. Life projects, management plans, ElAs, scientific research,
Horizon 2020 projects etc.). We were also unable to recognize any significant data flow
between citizen science projects and initiatives and Art. 11 monitoring schemes.

Conclusions

Given that the current state of Art. 11 natural habitat monitoring is so inconsistent, it is not
possible to directly derive common detailed data from existing monitoring schemes even in
countries where such independent systems have been established. The only standardized source
of information on the conservation status of natural habitats is the 6-yearly reports prepared
by each Member State pursuant to Article 17 of the Habitats Directive. These reports have

very different levels of accuracy and in most cases, the assessment is made on the basis of a
combination of scattered detailed studies and extrapolations based on the best expert assess-
ment. Considering that the criteria for determining the favourable conservation status and the
thresholds applied to vary significantly from one MS to another it can be assumed that the final
result of assessment along entire Biogeographical Regions, especially those covering a bigger
number of countries (such as Continental, Alpine, Mediterranean) could not fully reflect the
variation of CS and can result in misleading conclusions about priorities for Natura 2000 conser-
vation measures.

Perhaps the result of this short analysis could be also a good starting point for a discussion on
the possibilities of harmonization of approaches to the monitoring obligations described in Art.
11 of the Habitats Directive?

Considering the level of advancement and the amount of effort Member States have put into
developing their monitoring schemes, it is not possible to implement a separate, uniform tool for
Art. 11 monitoring, as was the case with Art. 17 reporting. However, there’s a great need for a
clear link between detailed ground-based data collected by members states and Art. 17 assess-
ment. One realistic and reliable source of information is data collected using remote sensing
techniques, mainly satellite imagery, such as Copernicus. Despite several attempts to use it for
the monitoring of natural habitats, this potential for standardized large-scale assessment of
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changes in natural habitats still seems to be not fully used. EO data can be used to collect data
on such indicators as scrub cover, NVDI, farming activity, humidity and distribution of selected
alien plant species. However, for a group of indicators related to the quality of habitats, species
diversity, the presence of rare and threatened species, it is still necessary to use ground-based
methods to supplement even the most advanced RS technologies.

Possible improvement of the use of Art. 11 detailed monitoring data in the assessment at a
level of biogeographical regions can be considered in three directions:

» improving the use of existing detailed data, e.g. by the development of a common European
simplified assessment protocol for a habitat assessment at a locality level. It can only con-
tain very basic information about the structure of habitat and main threats to their conser-
vation status;

» testing the implementation of such European protocols in new natural habitat monitoring
surveys. Such protocols could be completed together with more detailed, national forms as
an additional task for local experts;

» incorporating such forms into newly developed monitoring schemes, especially in countries
that have recently joined the EU.

Additional explicit link of such simplified records based on common European protocols and the
indicators estimated from Copernicus images with the GIS grid used in Art. 17 reporting would
allow easy mapping of habitat conservation status variation and analysis of trends at the level
of biogeographical regions.

In order to assess the costs and needs for the capacity for such a common approach, a basic
feasibility study can be carried out in the countries with the most advanced Art. 11 monitoring
scheme. It can be assumed that if field observers and experts included in standard monitoring
programs were involved, such an approach could be realistic at least for a group of representa-
tive localities, which would create a valuable, standardized dataset improving the credibility of
Art. 17 overall assessment of the habitats.
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Number of test areas / sample plots / releves (per 6 years)
AT: Austria 3198 test areas / 12792 sample plots
CZ: Czechia permanent monitoring plots, number n/a
DE: Germany 63 sample plots per habitat type in each biogeographical region are selected. If less than 63 occurrences are
known, the total occurrences are processed in monitoring (total census) (Ellwanger et. al, 2018).
DK: Denmark 2807 test areas / 28070 plots
LT: Lithuania 67 test squares / 1816 plots
LV: Latvia n/a

NL: The Netherlands

PL: Poland
SK: Slovakia

Test areas/plots size and pattern

AT: Austria
CZ: Czechia

DE: Germany

DK: Denmark

LT: Lithuania

LV: Latvia

NL: The Netherlands

PL: Poland
SK: Slovakia

Frequency of field surveys (years)

AT: Austria

CZ: Czechia

DE: Germany

DK: Denmark

LT: Lithuania

LV: Latvia

NL: The Netherlands
PL: Poland

SK: Slovakia

There is a vegetation monitoring scheme with permanent plots (‘Landelijk Meetnet Flora’) . The set of per-
manent plots contain 10,000 sites which are resampled every four year. Moreover, all Natura 2000 sites are
mapped. Vegetation relevés are made in all sites. From the last 10 years about 75,000 relevés were brought
together, indicating that more than 7500 relevés are made each year. These plots relate to all vegetation
types, not only to habitat types.

ca. 6000 test areas /18000 releves
6668 test areas

Test areas of 1x1 km size with 4 sample plots each

Permanent monitoring plots (TMP), 5x5 m for non-forest habitats, 20x20 m for forest habitats, standing
waters — whole reservoir, running waters - 1 km transect

n/a

Each locality includes 8-12 small plots (5 m circles)

Test squares — 17 km2, transect - 200 x 10 m

Transects with 3-10 sample plots. Different plot sizes depending on the habitat group (5-2500 m2)

There is no common monitoring scheme for habitats. There is however a scheme for vegetation mapping
which is related to receiving subsidies for management (so called ‘Subsidie Natuur en Landschapsbe-
heer’-scheme). These maps are also used as a basis for habitat maps. There is a field protocol for vegetation
mapping and there is a protocol to translate vegetation units into habitat types for the terrestrial habitat
types.

The marine and aquatic habitat types are monitored within the Marine Strategy Framework Directive MSFD
and Water Framework Directive (WFD). This is carried out through a set of point sampling.

Transects, size: 200x10 m; 3 releves in each transect (size 5x5 m or 10x10 m)

Permanent monitoring localities (PML). Size: 0,5-70 ha

6 years

Forests — 12 years, non-forest habitats and waters - 6 years
6 years

3-6 years

6 years

6 years

6-12 years

6 years

6 years

Table I.1

Sampling pattern
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Syntaxonomical approach / Abundancy scale

AT: Austria List of species

CZ: Czechia Phytosociological relevés, species abundance as a percentage

DE: Germany List of species

DK: Denmark List of species. Additionally, plant species measured by pinpoint (16 grid points in 0.5 m x 0.5 m frame).

LT: Lithuania Phytosociological relevés according to Braun-Blanquet scale (7-grade)

LV: Latvia List of typical species in small plots, 3-grade abundancy assessement (little/average/abundant)

NL: The Netherlands Phytosociological relevés according to Braun-Blanquet scale

PL: Poland Phytosociological relevés according to Braun-Blanquet scale (7-grade)

SK: Slovakia Species abundance according to modified Tansley scale

Assessment of conservation status (biogeographical region, Natura 2000 site, test area)

AT: Austria Assessment is done at biogeographical region level.

CZ: Czechia The assessment is done during the habitat mapping, referring to the patches of habitats but not to the
permanent plots. Specific structure and functions are scored on a 3-point scale - favourable, less favourable,
unfavourable.

DE: Germany The degree of conservation of each habitat plot is included in the parameter. The degree of conservation of
each habitat plot is based on specific assessment schemes of the components ‘habitat structures’, ‘typical
species’, and ‘pressures and threats’ (Ellwanger et. al, 2018).

DK: Denmark Assessment is done at biogeographical region level.

LT: Lithuania Assessment of conservation degree at Natura 2000 site level.

LV: Latvia Each locality is assessed referring to a number of indicators describing structure, typical species and impacts.

NL: The Netherlands

PL: Poland

SK: Slovakia

Typical species of plants taken into account in the assessment

AT: Austria
CZ: Czechia

DE: Germany

DK: Denmark

MONITORING OF SPECIES AND HABITATS

Every indicator is rated on a 3-point scale. The maximal number of points depends on number of indicators
and typical species assesed, e.g. maximal grade for grasslands is 54.

The main level is national/biogeographical. On site level assessments are made for the purpose of the Natu-
ra 2000 Standard DataForm.

The conservation status of natural habitat is assessed both on a level of field plot and Natura 2000 site. The
same scale as on BG level is used: FV-U1-U2.

Yes. Evaluation of the conservation status of habitats at locality level is based on the evaluation of partial
parameters: a) Quality of the habitat at the locality. b) Perspectives of the habitat at the locality. These
parameters are evaluated during a field visit, according to a defined methodology for each habitat separately
or by an expert estimate of the mapper. The method usually sets limits for individual conservation status
categories (favourable, unfavourable-inadequate, unfavourable-bad).

Yes - plant species.

Yes. The conservation status of typical plant species is assessed while habitat mapping. Typical species of
animals are not assessed.

Yes. Typical plant species are recorded. typical animal species are recorded only for a few habitat types. In
habitat type 3160 dragonfly species and in habitat type 8310 cavernicol species (especially bats) are record-
ed. In running waters, data of fishes and macrozoobenthos from the ecological status assessment according
to the Water Framework Directive are used (Ellwanger et. al, 2018).

Yes - plant species.

Table I.2

Conservation status assessment
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LT: Lithuania Yes - plant species.

LV: Latvia Yes - plant species.

NL: The Netherlands  Yes - plant species.

PL: Poland Yes. Typical plants species are recorded. In case of animal species — just bats in 8310.

SK: Slovakia Yes. Typical plant species are recorded in PML. The abundancy of selected characteristic species is one of
main parts of CS assessement.

Thresholds of favourable conservation status, assessment of habitat structure and functions

AT: Austria Assessment of conservation degrees of single plots.
FV = A-proportion > 50% and C-proportion < 33.3%

CZ: Czechia FSC of habitats is described in the catalogue of biotopes.
Assessment of conservation degrees of single plots. FV = < 1-% of partial areas assessed as “less favour-
able” and “unfavourable”.

DE: Germany The evaluation is carried out according to an assessment scheme specific to the recorded species or habitat
type. The aggregation of the partial assessments is based on the so-called Pinneberg Scheme (Ellwanger et.
al, 2018).
Assessment of conservation degrees of single plots.
FV = C-proportion < 20%

DK: Denmark Assessment of conservation degrees of single plots.
FV = > 50% A-proportion and > 75% A+B-proportion (= C-proportion < 25% and A-proportion > 50%)

LT: Lithuania The final assesement is conducted in the result of statistical and numerical analysis of values of indicators,
gathered at monitoring localities.

LV: Latvia Structure of habitat is assessed at each locality, e.g. a set of indicators for 6510 includes: coverage of bare

NL: The Netherlands

PL: Poland

SK: Slovakia

ground (%), coverage of herbaceous plants (%), coverage of shrubs and trees (%), height of herbaceous layer
(cm), number of herbaceous species in the plot (25m2), condition. Every indicator is assessed in 0-3 scale,
referring to given theresholds.

The assessment of habitat structure and function is based on a set of indicators (Janssen & Bijlsma eds.,
2020). It differs per habitat type. It is based on species composition (characteristic species) and in some
cases vegetation structure. Also in some cases on landscape structure. We have gone through a process of
making them more and more quantitative. They are now, at the national level (for the EU reporting), for most
habitat types (not for all). At the site level we are working on more quantitative assessments.

In all cases “functioning” is considered as more importance than structure. We consider the trend of char-
acteristic species as an indicator for “function”. As an example: a heathland may have a poor, monotone
structure, but as long as the characteristic plants and animals live there and are showing stable or positive
trends the habitat is considered as rather good.

Assessment of subparameter ‘structure and functions (without typical species)’ at Natura 2000 site level.

FV = If A-proportion = 75% and C-proportion < 15%

The assessment of habitat structure and function is assessed basing on the set of indicators (specific for ev-
ery habitats type). They are either quantitative — e.g. coverage of expansive shrub species, number of charac-
teristic species, amount of dead wood, or qualitative/descriptive — spatial structure of forest stand, invasion
of alien species, water conditions, eolic processes in inland dunes. The assessment of “specific structure and
functions” is based by the expert using the results of indictor values. Some of indicators are taken as cardinal
ones - decreasing the overall assessment despite other indicators’ values. Each indicator and parameter are
assessed on scale FV-U1-U2 both at a level of locality and Natura 2000 site.

Assesement at a locality level. Set of standard criteria with different thresholds for each of habitat types.
Criteria: number of characteristic taxa, number of indicative taxa, vertical structure, threat with expansive
taxa, threat with invasive neophytes. No distinction between structure and functions. Both are considered in
the CS assessement.
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Assessment of conservation status (biogeographical region, Natura 2000 site, test area) Table I.3

AT: Austria No, only the report and general resuilts Public assess, data flow and integration with other sources
CZ: Czechia Partly, the general statistics are available but not the complete database
DE: Germany The results and reports are available, but not the whole database
DK: Denmark Yes, full access. Open database.
LT: Lithuania No, only the report and general results
LV: Latvia No, only the report and general results

NL: The Netherlands  The vegetation relevés are accessible through a national vegetation database (LVD), which can be viewed
online. The vegetation and habitat type maps will be made available through a database as well (this is
under construction; NDVH)

PL: Poland The access to data is limited to selected central, regional and local authorities. It can be also made available
to other organizations after obtaining authorization from the central administration. There’s no public access
to detailed data, only general/overview reports are published.

SK: Slovakia General reports and quantitative tables available online, no open database.

Results of citizen science projects are integrated with national monitoring scheme

AT: Austria n/a
CZ: Czechia n/a
DE: Germany n/a
DK: Denmark n/a
LT: Lithuania n/a
LV: Latvia n/a
NL: The Netherlands  Yes for the characteristic species (NDFF database)
PL: Poland No
SK: Slovakia n/a

Results of other surveys/projects (Life projects, management plans, ElAs)

are integrated with national monitoring schemes

AT: Austria n/a
CZ: Czechia n/a
DE: Germany n/a
DK: Denmark probably (there’s one central database)
LT: Lithuania n/a
LV: Latvia n/a

NL: The Netherlands  Yes, partly. Most EIA’s are based on existing data. The same habitat maps are used, and the same data on
species (NDFF), but often an EIA does not include making new maps or gathering new data. If it includes this,
the data may go to the NDFF, NDVH or LVD.

PL: Poland No. But in most cases EIA’s reports and other assessments are usually done according to the “central” meth-
odology.

SK: Slovakia n/a
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Results of citizen science projects are integrated with national monitoring scheme

AT: Austria No
CZ: Czechia No
DE: Germany No
DK: Denmark No
LT: Lithuania No
LV: Latvia No
NL: The Netherlands No
PL: Poland Partly. There’s joint database for habitats and species and some parts of the survey protocols are the same.

But the field surveys are done in different localities by different teams.
SK: Slovakia No

Natura 2000 site Table 1.4

AT: Austria www.umweltbundesamt.at/umweltthemen/naturschutz/schutzgebiete/natura2000 Data sources, links
CZ: Czechia www.nature.cz/natura2000-design-en/hp.php
DE: Germany www.bfn.de/themen/natura-2000.html
DK: Denmark eng.mst.dk/nature-water/nature/natura-2000
LT: Lithuania vstt.lrv.lt/lt/saugomu-teritoriju-sistema/natura-2000
LV: Latvia www.daba.gov.lv/lv/natura-2000

NL: The Netherlands www.government.nl/topics/nature-and-biodiversity/natura-2000

PL: Poland natura2000.gdos.gov.pl/natura-2000-w-polsce

SK: Slovakia www.sopsr.sk/natura/index.php?p=62&lang=en

AT: Austria www.verwaltung.steiermark.at/cms/beitrag/11680234/74838463

CZ: Czechia portal.nature.cz/publik _syst/ctihntmlpage.php?what=6165&X=X

DE: Germany www.bfn.de/themen/monitoring

DK: Denmark mst.dk/natur-vand/overvaagning-af-vand-og-natur/terrestriske-naturtyper-og-arter

LT: Lithuania am.lrv.lt/lt/veiklos-sritys-1/saugomos-teritorijos-irkrastovaizdis/igyvendinti-projektai

LV: Latvia www.daba.gov.lv/lv/natura-2000-vietu-monitoringa-metodikas

NL: The Netherlands

PL: Poland siedliska.gios.gov.pl

SK: Slovakia www.sopsr.sk/natura/index.php?p=7&lang=en

AT: Austria www.verwaltung.steiermark.at/cms/dokumente/12812743 123331268/74b35f03/REPO735 Band%201
Monitoring.pdf

CZ: Czechia portal.nature.cz/publik_syst/files/met mon 2014 a.pdf

portalnature.cz/publik_syst/ctihntmlpage.php?what=1665&nabidka=rozbalitOdkaz&idOdkazu=1241&X=X
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DE: Germany www.bfn.de/themen/monitoring/monitoring-ffh-richtlinie.ntml
DK: Denmark novana.au.dk/naturtyper
LT: Lithuania am.Irv.lt/uploads/am/documents/files/saugom _teritorijos kra%C5%A1ltov/natura 2000/EB buveiniu monitor-
ingo_metodiniu_pagrindu_parengimas ataskaita 11%20dalis final.pdf
LV: Latvia www.daba.gov.lv/lv/natura-2000-vietu-monitoringa-metodikas

NL: The Netherlands  Report ‘Werkwijze monitoring en beoordeling Natuurnetwerk Nederland en Natura 2000’ and a ‘Vegetation
Protocol’. Additional manuals exist for salt marsh-mapping, aquatic monitoring and geomorphological maps.

PL: Poland siedliska.gios.gov.pl/pl/publikacje

SK: Slovakia www.sopsr.sk/natura/index.php?p=7&lang=en

Natural habitats monitoring results online
AT: Austria

CZ: Czechia portalnature.cz/nd/x_nd_statistiky.php?X=X

DE: Germany

DK: Denmark naturdata.miljoeportal.dk
LT: Lithuania

LV: Latvia

NL: The Netherlands

PL: Poland http://siedliska.gios.gov.pl/pl/wyniki-monitoringu

SK: Slovakia www.sopsr.sk/natura/index.php?p=7&lang=en
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